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1.0 SUMMARY

The capability of the NASA-Lewis-sponsored Blade Loss Turbine Engine
Transient Response Analysis (TETRA) computer program has been enhanced in two
ways. These are: (1) development of a flexible bladed-disk module, its
incorporation in TETRA and its installation in the NASA-Lewis computer, and

(2) preparation of a structural model of the General Electric g3 Engine for
TETRA analysis.

The flexible bladed-disk (FBD) mo:.'ule was developed for the nonequilib-
rated one-diameter bladed-disk mode. The FBD motion is considered as a sum of
two standing waves constrained (but not rotating) to the rotor. The FBD is
coupled inertially and gyroscopically to its rotor support and indirectly
through connecting elements, to the adjaceat rotor and/or other supporting
structures. Incorporated in the basic TETRA, the FBD module is demonstrated
with a two—rotor model where the FBD is on one rotor. Results of the program
demonstrate that the FBD can be excited into resonance by an unbalance in the
adjacent rotor and at a frequency equal to the differential rotor speeds.

The FBD module allows two flexible-bladed disks in only one rotor. Tran-
sient FBD stres.es and deflections are calculated from the normal mode input
and the dynamic FBD generalized coordinates.

The principal object of the 3 engine structural modeling activity was to
provide an engine structural model which can be used to exercise the TETRA
program for engine transient response under unbalance. This investigational
effort would explore the range of capabilities of the TETRA computer program
as well as define its limitations. From these results, systematic criteria

for the optimum modeling and analysis of turbine engine dynamics response can
be established.

Hence the essential task was to provid: the following items:

1. An E3 structural schematic diagram incluvding descriptions of inter-
connections, rotors, casing, and boundary conditions.

2. A breakdown of the entire engine structure into three major sub~-
systems: high pressure rotor, low prassure rotor, and casing,
including the interconnections.,

3. The results of modal analysis of each of the three major components:
modal frequencies, modal potential or kinetic energies, and modal
displacements and slopes in vertical and horizontal planes. These
range from the rigid body modes to about 20 times the low rotor
maximum speed.

&, Spring and damping rates of interconnecting elements and suggested
modal damping factors.



The NASA blade loss addenda are divided into two main tasks. The f{irst
is the FBD module analytical development and overall project coordination,
done by V., Gallardo, Principal Investigator. The computer programming and
embeddment of the FBD module in TETRA were made by G. Black, while L. Bach and
J. Juenger made the demonstrator model analyses. The E3 structural modeling
was done by S. Cline and A. Storace. M.J. Stallone provided technical guidance
as Technical Program Manager and J. McKenzie, the Program Manager, was respon-~
sible for NASA-GE interface communications on this project.

Finally, the assistance of the following NASA-Lewis personnel, Ming Tang
and Paul Manos, were especially helpful in the installation and checkout of
the FBD-TETRA computer program in the NASA CRAY computer. Encouragement of
Gerald Brown, Project Manager, is appreciated, especially in discussions about
possible examples of one-diameter bladed disk modes in NASA experience.



2.0 INTRODUCTION - FLEXIBLE BLADED DISK

The recently completed Turbine Engine Transient Response Analysis (TETRA)
computer program, developed under Task II of the NASA Blade Loss Program
(Reference 1), fills a much needed gap in the evaluation of eagine structural
response at high unbalance. Being a new program, the scope of its capabilities
needed to be explored by applying it extensively to a complex turbine engine.

It was also desirable to add a feature that allows the analysis of the transient
response of a flexible bladed disk (FBD) on a rotor,

From past experience it is known that the rotor response is influenced
by the elasticity of a bladed disk, and that a bladed-disk mode can be excited
by difference speeds in two-rotor systems wherein one rotor is unbalanced.
This is especially true for the one-diameter flexible bladed-disk mode.
Stresses developed in the disk at resonance can be sufficient to result in
fatigue failure.

The mechaniem for excitation for a bladed disk in one rotor by an
unbalance in the other rotor is not obvious because the unbalance force does
not act directly on the disk. The unbalance force also acts in a radial
plane, whereas the bladed-disk mode is essentially an axial motion. The
physical explanation is in the induced axial motion of the disk produced
by the bending slope of the rotor on which it is attached. Hence, the disk
loading is both inertial =snd gyroscopic and greatly dependent on the flexi-
bilities of both the cotors and their bearings. The unequal rotational
speeds of *he rotors result in excitation frequencies of the sum and differ-
ence of the two speeds.

Tle flexible bladed-disk mode normally encountered is the one-diameter
variety which is a nonequilibriated mode; that is, there is a resultaat
unbalauced or nonequilibriated moment and transverse shear on the disk which
must be supported by the rotor. Other flexible ¢ sk modes of two or more
diameters are all "balanced" so that they would not be of interest here.
However, they may be pertinent in rotor-bladed-disk aeromechanical-whirl
problems.

To take advantage of the flexibility of the TETRA computer program, the
FBD has been treated as a wcdule that is embedded in TETRA. This approach
allows just the addition of the necessary FBD inputs to the basic rotor model
to be able to calculate the transient response of the FBD and the rest of the
engine structure,

A Lagrangian formulation was employed to obtain the equations governing
the FBD module dynamics as well as its interactions with the rotor on which the
FBD is a part. The complexitites that arise from the rotation and the one-
diameter mode of the FBD with its coupling with the rotor, are minimized in
this approach, and renders the formulation so much more rational and straight-
forward.



The following sections give details of the mathematical formulation of
the FBD, its application to a demonstrator model, and the embedded FBD module
in the TETRA computer program. Included are the requisite FBD input/output
and definitions of variables pertinent to the flexible bladed disk.



3.0 ANALYTICAL DEVELCPMENT

3.1 TECHNICAL APPROACH 10 THE FLEXIBLE BLAJED DISK

The flexible bladed disk (FBD) is considered as an engine subsysten or
component, much like the rotor or casing. Because of the orientation of
the disk, a blade disk degree-of-freedom in the axial direction is defined.
In addition, the modes of the FBD are treated as constrained modes supported
directly on the rotor. The FBD one-diameter modes are the classic standing
wave gsolutions. One corresponds to a horizontal node line and the ~*her to a
vertical node line. Points on the FBD undergo these standing wave 1iipiace-
ments at each rotation.

The mathematical model of the FBD module is determined usiug tche modal
synthesis method in conjunction with the Lagrangian or variationai formulatiom
described in Task 11, Briefly, the position vector of a point cn the FBD is
established from geometry and kinematical considerations. The votor bending
slope as well as its translation induce axial and radial motions of the disk.
No external force as such is developed; however gyroscopic and translational
as well as axial accelerations are developed which produce iaternal or cou-
pling forces and moments on the disk, which are of the first order. The FBD
potential energy is given as the sum of its modal energies with thig addition:
the centrifugal stiffening i3 added to the modal energies as function of rotor
speed (which permits consideration of the effect of rotor speed on the FBD
system frequencies).

Consideration of the FBD modes as constrained modes vields coupling
coefficients (between generalized coordinates) having acceleration terms.
This means that unlike the current TETRA system where the global mass matrix
is diagonal, the use of constrained modes results in a nondiagonal mass
matrix, at least fer the generalized coordinates that are coupled. This
is rot a difficulty since this requires only a one-time inversion of the
mass matrix of the affected generalized coordinates and subsequently using it
to multiply the rest of the coupling coefficient matrices once. The result is
a set of equations whose form is similar to that in the current TETRA,.

The solution scheme is identical to the present version. Of course,
additional inputs as well as outputs are required with the FBD.

A major portion of the additional inputs are the FBD modal data. These
must be provided from a source external to this contract. In the FBD module,
the required modal data are entered by hand into an input fii. for the compu-

ter program., Additional outputs include transient FBD deflections and selected
components of FBD stresses.

Because of the structural complexity of a rotor with a flexible bladed
disk, the means for checking the mathematical modeling could be awesome.
kKather than solely depending on the interpretation of numerical output of the



transient solution, which is difficult in itself, some basis in the correct-
ness of the formulation is established by cunsidering reductions to degenerate
cases with known solutions. This was done with the decoupled equations of the
FBD and those of its center of gravity. The equations of the FBD a’one (with-
out rigid properties) as well as those of its center of gravity (rigid proper-
ties only and corresponds to the rotor) were examined and their charactecistic
or frequency equations solved in closed form. The earli:r solutions of the
cross axis coupled rotor, and the backward and forward traveling wave colu-
tions of the FBD were obtained; from this, one can infer that the basic
formulation of the FBD module is realistic and logical. In addition to this
the FBD-TETRA is applied to a demonstrator m~'el, both to demonstrate its
practicality and illustrate its usage.

3.2 AN OVERVIEW OF THE FBD AND THE ENTIRE ENGINE STRUCTURE

The essential differences between the original TETRA and the present
version with the FBD module as well 2s the way the FBD fits in the general
scheme may be viewed from the complete system of equations of the entire
engine structure. Using the variational or Lagrangian formulation, rhe
complete set of equations may be written formally as:

Mij Y5 = Kijvj - Cij¥j * Fi (1)
where: Mjj = Mass Matrix: Symmetric but can be full
Kij = Generalized Stiffress Matrix which can contain the elastic

coupling between subsystems or modes

Ci; = Generalized Damping or Velocity Matrir which contains damping,
gyroscopic and other velocity coefficients

F; = ith Gener ined External Force
= 1,2, 3, ..uns N
Y; = ith Generalized Coordinate.

In the original TETRA, the mass matrix is diagonal so that each equation
can be solved directly for the generalized acceleration in tzrms of displace-
ments, velocities and external forces. However with the FBD constrained to a
rotor, the generilized accelerations of the rotor (in two planes) and the
FBD become coupled, such that the mass matrix is no longer diagonal. Fortu-
nately, only the mass matrix of the FBD and its rotor is not diagonal, so that
the affected equations of motion may be separated fiom those components whose
mass matrix .gf diagonal. With this consideration, equation 4.0 may he
rewritten cs two secs: (1) equations with diagonal mass matrix and (2) equa-
tioas of the FBD-with-the rotor. Thus:

Diagonal Mass Matrix =i =1, 2 ...M

Mis¥j = -Kjjve - Cyj¥y + Fix i,5 = 1,2, ... N (2)



Non-Diagonal Mass Matrix: i = M+l, M+2, ... N

Mi3¥i = Kigvj - Sij¥y ¢ Fit .3 = Mel, M2, ..N 3y

With this device, Equation (2) is found to be identical in form to the
equations in the old TETRA. Now the Mass Matrix of Equation (3) may be
inverted so that by multiplying Equation (3) with its inverse, the resulting
matrix equation is alsc identical in form to Equation (2). Consequently,
the same central difference integration routine employed in the original
TETRA can be used.

From the foregoing discussion, it 1s seen that to obtain the gov-
erning equations of the FBD module, the FBD must be considered to undergo both
the displacements due to its one-diameter degrees of freedom and the motion of
its center of gravity or attachment point on the rotor. The results add two
equations for the two FBD coordinates, and produce off-diagonal terms in the
mass matrix and additional cross—coupling terms in the gyroscopic matrix.

3.3 KINEMATIC REPRESENTATION

In order to formulate the FBD's equations of motion with the method of
Lagrange, we proceed as in Reference 1, by defining the components of the
position vector of a point on the bladed disk. But first we list the follow-
ing allowable displacements of a point on the FBD:

1. Y (Horizontal) and Z (Vertical) displacements and rotations of the
FBD center of gravity where it is attached to the rotor. These
are displacements of the rotor relative to ground (Figure 1).

2. Axial (v) and tangential (u) displacements of a point on the FBD.
These are rotating with the shaft. A point on the FBD undergoes
these displacement< as ir rotates about the rotor axis (Figure 1).

3. These two sets of FBD axial and tangential displacements are then
written as the sum of two standing waves (P and q): one corresponds
to a horizontal diameter node line (P); the other corresponds to a
vertical diameter node line (q). Both are illustrated in Figure 3,

The FBD axial and tangential standing wave displacement sets represent
motion about both the horizontal and vertical axes and therefore can recon-

struct traveling wave wotions in the direction of and opposite to the sense of
rotor spin.

From Figures 1 to 3, the components cf the total displacement vector of
a point on the FBD, relative to ground can be written. These are:

Horizoatal Displacement Component

¥ =Ry cos @+ R, sina+y (4)
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Ay=-usin Ry =r cos Y + Ay
Az= ucos U .z=rsinw+Az
A x = v R = Ax

X

Figure 1. Axial and Tangential Displacement of a Point
on the FBD. (Note: wu(r, ¥, t) = 0 on the
Disk).
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Figure 2. Position Vector Components of the FBD from Rotor Displacements
and Rotaticns.
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Vertical Displacement Component

]
[}

Ry sin @ sin 9 + R, cos @ - R, cos @ sin 6 + 2

Axial Displacement Component

-R

»®
]

y sin @ cos © + R, sin & + R, cos @ cos @

wih the following definition:

Ry = r cos ¥ - u sin ¥
R, = r sin ¥+ ucos ¥
Ry = v
and
u(r,¥,t) = a(r) {p(t) sin ¥ + q(t) cos ¥}
vir,¥,t) = ¥(xr) {p(t) sin ¥ + q(t) cos ¥}
b= (8 + o)
where:
r = Radial location of a point on the FBD
¥ = Azimuth or polar angle of the point on the FBD
d = The polar angle position of the point relative

to "> FBD reference diameter
@ = Rotor-FBD spin about the rotor axis, x

p(t) = Generalized coordinate of the sine or horizontal,
nodal diameter mode

q(t) = Generalized coordinate of the cosine or vertical nodal
diamet er mode

v,z = Frizontal and vertical bending displacements of the

cotor at the FBD attachment point or center of gravity

2
(-8
[}

displacements at the FBD center of gravity
¥'r) = FBD axial 1-D modal deflection shape

dlr) = FBD tangential 1-D modal deflection shape.

Horizontal and vertical plane(s) slopes of the rotor bending

t:n. ly, the displacement vector components can be rewritten (for

breviiy, the FBD u(r,¥ t) and v(r,¥,t) displacements are retained).

Thus

(5)

(6)

(7)
(8)
(9)

(10)
(1)

(12)

11



y =r cos @cos ¥- ucos @sin ¥+ v sin 0 +y (13)

zZ=r sin 9 sin @ cos ¥~ u sin @ sin O sin ¥ (14)
+ rcos 9 sin Y+ ucos 8cos ¥V~ v cos O sin 8 + 2
X = -r sin @ cos O cos ¥V + u sin @ cos O sin ¢ (15)
+ r sin ® sin ¥+ u sin O cos V+ v cos @ cos &
NOTE: The centrifugal stiffening associated with spin can be considered in

the potential energy of the FBD. However, it can be treated as part
of the kinetic energy by adding the radial blade foreshortening to
the radius of the point on the blade. This results in replacing

r in Eqs. | and 3 with:

A )

The classic Lagrangian operator must also be replaced if we use
physical displacements to account for the presence of (du/dr)? and
its time derivatives in the kinetic energy expression. Note that in
the end, only linear terms in the equations of motion will be
retained, so that simplifications can be made. For simplicity and
brevity, the centrifugal stiffening would best be considered in the
poential energy.

3.4 DYNAMICAL EQUATIONS OF THE FBD MODULE

The FBD with the motion of the rotor at its attachment, is one subsystem
with the rotor. This means that the equations of the FBD can be added to
or overlaid on the rotor equations. Because of the FBD one~diameter mode
coordinates, the FBD-rctor equations will be two more than the number cf the
original rotor equations. The external excitations are the same as in the
original TETRA, such as unbalance in the rotor, time dependent forces and the
interaction forces introduced through the rotor's comnecting elements with
other subsystems. Though not true "external forces" in the sense of the total
engine structure, these connecting forces can be considered as external to any
subsystem.

This convention is adapted in developing the FBD module's equations, and
it serves to keep the FBD in the proper context of the complete structure,

The equations of the FBLC contain essentially inertial forces, its stiff-
ness or restoring forces relative to the rotor and its modal damping. These
are derived by Lagrangian dynamics from the instantaneous position or dis-
placement vector of a point on the FBD. The various rotations and displace-
ments follow essentially Reference 1 and are shown graphically in Figures 1,
2, and 3.

The stiffness and damping forces are straightforward and the potential
energy and modal dissipation function can be simply written in shorthand:

12



2 eoysYs
v 1/2 Viig) Mij i (17)

D 1/2 ¢i; Y; %j (18)

i,j: takes on indices denoting the FBD and rotor generalized coordinates.
wij = FBD one-diameter natural frequency with centrifugal stiffening;
the rotor frequencies are excluded here since they are already in
the original TETRA.
with: Mi; = FBD one-diameter modal mass (without gyroscopic effects); Mjj =
diagonal. Rotor MASS matrix is excluded here since these are in

the original TETRA.

Cij = FBD modal damping, diagonal; rotor modal damping are excluded
here also.

U = FBD one-diameter mode elastic energy

(=)
[

FBD one-diameter mode dissipation function

The kinetic energy is written in terms of the total velocity components
relative to ground.

2 2

o2 . . . . .
T = 1/2 ,/;)—( (vi, ) +y (vg,v3) + z (v{v{)} dm (19)

Since the centrifugal stiffening on the FBD one-diameter mode has been
included in the potential energy, the Lagrangian operation on the kinetic
energy can be simplified. In Reference 1 and 3, it is shown that when the
functional is dependent only on velocities and displacements, the Lagrangian
equation becomes:

e . ..

. o=f1%x 3% 53 z 3z_ 2
Fi f3 7S S7O dm + wigs) Mii Y3t Cij Y (20)

Since the FBD-rotor coupling involves only the kinetic energy, the kinetic
terms are first derived and examined. Finally, these will be combined with
the stiffness and damping terms.

First, the governing FBD equations will be obtained in the physical roter
coordinates and the FBD axial and tangential coordinates. This will give some
physical insight on the FBD-rotor coupled system and also provide a basis with
which comparisons can be made with analogous dynamic problems such as propeller
whirl. Such comparison will help assure that the resulting FBD equations have
a correct physical and mathematical basis.
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Finally, these equations will be transformed to generalized coordinates,

which become the working equations for the computer coding of the FBD and its
embeddement in TETRA.

3.4.1 The Kinetic Terms of the FBD-Rotor Equatiomns

The Lagrangian operation on the kinetic energy is evaluated here but the
results are given in the context of the complete equation. Rewrite Eq. 7, as:

[z ox 5oy . zaz e ks vl Meiye - Ciid
Qi if; — + -+ - dm Fi w(ij) HleJ Cl]YJ

Yi aj g (21)
Obtain the terms within the brackets, thus,
dQvi . X3 . yidy | z 2z (22)

Substituting the position vector components, (13), (14), and (15), into
(22) and performing the indicated operations yield the generalized kinetic
force in the FBD coordinates. lere instead of using the index notation, Y; is
replaced with: y,z,0,a, u and v. The results are given below.

Horizontal Translation - Rotor Bending

%%Z = y-usin¥ - 2u @ cos ¥ + ud? sin ¥ - 2%r cos ¥ (23)

Vertical Translation - Rotor Bendig&

4z z +ucos ¥ -2 & Q sin ¥ -u 8 cos ¥~ 82 r gin ¥ (24)

Horizontal Rotation - Rotor Bending

g%ﬂ = a r? cos? v - 2; 2 r? gin ¥ cos ¥ (25)

- S r2 sin ¥ cos v - 28 @ 2 cos? ¥

X3

-vrcos¥-v @ rcos¥

14
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Vertical Rotation - Rotor Bending

g%g- = -3 r2 siny cos y + 25 o 2 sin? (26)
+g r2 sin? vt 26 o r? sin ¢ cos
+vrsing *+valrsiny
FBD Tangential Blade Bending
%%2 = -y siny +%cosy+i (27)
FBD Axial 3lade and Disk Bending
d - .
5%1 = —qrcosy+23ragsiny (28)

+p t sin vt2 QL Cosy+V

Examining these equations, one can conclude that the rotor coordinates'
equations are the same as those in Reference 1 (there is a minor change in
notation) except for the addition of the FBD's degrees of freedom of
tangential and axial displacement. It can be observed that the mass matrix
or acceleration coefficient matrix is no longer diagonal; this shows the -
inertial coupling between the FBD and the rotor.

When obtaining the complete equations, it should be noted that integra-
tion of the rotor coordinates equations, [(23) through (26)], must be made
over the entire rotor including the FBD; whereas integration over the FBD
roordinates' equations, (27) and (28), is made over the FBD mass, with the
rotor displacements, velocities and acceleration taking values only at the
attachment to the FBD center of gravity.

It is interesting to compare these equations with those for nacelle-~
propeller whirl flutter with rigid flapping blades, (Reference 3). The
inertial and gyroscopic terms are identical when the tangential degree of
freedom of the FBD is ignored.

3.4.2 Complete FBD Module Equations in Generalized Coordinates

The complete equations of the FBD-rotor are obtained from (23) through
(28) in view of (21) with the following modal coordinate definitions and
tranformations from physical to generalized coordinates.

15
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y(x,t) = yi(t) ey;(x) = T y;(t) oyi(x), Horiz. Trans. (29)
i

z(x,t) zi(t) ¢,;(x) = T z;(t) ¢,;(x), Vert. Trans.
i

alx,t) = yi(e) ¢'yi(x) = I y; () ¢'yi(x), Horiz. Rot.

i
8(x,t) = z;(t) ¢',i(x) = & y;(¢) ¢'yi(x), Vert. Rot.
ulr,¥,t) = G{r){p(t)sin¥ + q(t)cos¥}, ¥BD Blade Tan. Defl.

|1}

vir,¥,t) v(r) {p(t)sinv¥ + q(t)cos¥}, FBD Axial Defl.

Note that p(t) and q(t) are the FBD one-diameter standing wave solutioms.

The transformation equations are:

@i = oy T v g = ey ¢ ¢y Q (30)
Yi yi
d d6 ,

in = Q dfl + Qq E;{ = 9,1Q, t ¢ z; Qo (31)

= Q du du u(r)Q, sin ¥ + v(r) Q, cos ¥ (32)
Qp u dP Qv dp ulr Qu r v s

Q¥ L Q¥ - o v+ v(r) Qu sin v (33)
Qq Qu dq Qy aq u(r)Q, cos v(r) Qy sin

Recalling that the potential energies and dissipation functions were

given in terms of modal variables and noting the domain of integration
described in the previous section, the complete FBD-rotor equations may be
written with the aid of (29) through (33) and (23) through (28):
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These are given below:

where:
= [} ] =
MYij °zi°zj“ + OZiOZjI, OZi gYi @ FBD C.G. (35)

M,I = Rigid mass and Diametric Moment of Inertia of FBD

I, = Rigid polar moment of Inertia of FBD
‘cos2¢l
Sy = f V(r) r dm (36)
FBD lsinzw’
cos? cosla
_ 1 -
M, = fu(r)! = 3 Np1.D fu(r) dm (37)
All Blades sin? 1 Blade sinZ0
NgLp = Number of blades. N.B. Since M, contains tangential motion, the
disk contribution is zero.
cos2¥
= - = = 72 =2 X
Mpp = Mgq = Mpq = Mgp BV (¢} + U (r)] d?, Modal MASS of FBD,
Fixed Axes
FBD sinZ¥ (38)
2 . .
Kpp = Kqq = Mpp (pr + (Bp—l)ﬂz), FED Modal Stiffness in che Non-

rotating Axis System,

Wpop T Wff = Wy, FBD Natural Frequency at Zero Speed

Bp = Speed Coefficient in the Rotating FBD Natural Frequency Equation.
- /.2 2 _
Yro T /¥pp * BT Bp = 8q = B

FYi = External or Connecting Forces from other Subsystems to the Rotor
Containing the FBD,

w, = FBD Rotating Natural Frequency

17



ORIGIHNAL PACE (8
OF POOR QUALITY

Vertical Plane - Rotor Bending Generalized Coordinates

Q =M Z.+S ¢! PrMy 4d=-al ¢'¢' . +2aS "
Z 3 zij J vz, u'z, p ¢y-°2-yJ ® "’ziel “0)

1 T 3
NAAAL

Horizontal Plane - Rotor Bending Generalized Coordinates

- ...- . _ v = .. v ®
Qi MYinJ Mu0yi P S,0y;4 Qlpbzidy ;2 + ZQSvoyip (41)
ALALA N
2 L]
- M w(;.)Yj - C Y. + F
yij 13 yij ] Y

FBD - Sine Component : l-Diameter Mode Horiz. Node Line)

Q = Sy ¢2;Zi - Mugy.Yi * Mppp = -2aSypy ¥ ¢ 29Mpq& (42)

AAAA.

- KppP - Cppp + Fp

FBD-Cosine Component: l-Diameter Mode (Vertical Node Line)

Qg = My ¢éizi - Sv¢§iYi + Mgqa = 'ZQSVOQiZi M ZQquP (43)

AL,

= Kgqd ~ Cqqd * Fgq

N.B. the acceleration terms underlined with (arass) are the diagonal mass
matrix elements and denote the equation's principal coordinates i,j: 1,2,3,
4, .... rotor generalized modal coordinate index and p, q as the FBD Standing
Wave Coordinates.

3.5 170 DEGERERATE CASES

Because of the complexity of a rotor with an FBD and the paucity of
results of a transient FBD-rotor analysis, it becomes necessary to show
the logic of the formulation and the resulting FBD equations have a firm
theoretical basis. Therefore, two special degenerate cases have been
chosen:

18



1. Two degrees-of-freedom (Horizontal and Vertical planes) rotor
with a rigid FBD.

2. One-Diame¢ ter (Vertical and Horizontal Planes) flexible mode
FBD without rotor degrees of freedom.

Rather than obtaining the transient solutions for these cases, their
characteristic equations will be solved in closed form to obtain their
natural frequencies. Each case is just a subsystem independent of tl.~
other. The rationale of this approach is that if the subsystem equations,
which are obtained from the whole, yield the clagsic solutions, then ther
is confidence that the complete equations for the total structure are corrc t.

3.5.1 Two Degrees-of-Freedom Rotor with a Rigid FBD

These are obtained from (40) and (41) by ignoring the terms cont g
p and q and their derivatives. The resulting equations are the classic
symmetric rotor equations with cross-coupled gyroscopic terms whose two
frequencies correspond to an advancing and a regressive whirl mode and which
diverge from a common value (at zero rotor speed) with increasing speed.
A plot of these frequencies as functions of rotor speed has been published
in standard works (for example - Reference 4).

3.5.2 One-Diameter Flexible Blade Disk : Cross-Axis Coupled

Similarily, ignoring the terms containing Zi and Yj and their derivatives
from equations (42) and (43) yields the governing equation of a flexible
bladed disk or a plate fixed at its center. These are the "standing wave'
equations of the flexible blade disk. The form is similar to the degenerate
rotor case in Section 3.5.1. However, the two frequencies of the FBD cor-
respond to two trave ing waves: forward (in the directinn of rotation) and
backward. The frequencies can be written in terms of rotor speed as:

o
w§ = /wi + 3”92 + g , Forward (44)

W =_[w  +3g'q - @ , Backward (45)

The term under the radical is the classic rotating natural frequency
while the i term denotes that the solutions correspond to waves whose propaga-
tion speed is the same speed as the rotor. These solutions are the classic
standing wave (on the rotating FBD, but fixed to ground) solutioas of a
rotating flexible bladed disk.

3.6 THEORETICAL CONSIDERATIONS IN THE EMBEDMENT OF THE FBD MODULE IN TETRA

An overview of the FBD module and its relation co the entire engine
structure was given in Section 2.2 in terms of the complete system’s equations
of motion. To implement this scheme in an existing computer program (namely
TETRA) both the TETRA main computer code and the FBD module must be tailored
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to acrnommodate one another. That is, buffers musc * -oded to make the two
compatible. At the same time, the basic TETRA must .e able to operate as
before when there is no FBD.

Because the FBD introduces a nondiagonal mass matcrix of the rotor coordi-
nate of which it is a part, global ..atrices for these affected coordinates
must be formed, whereas there is no need for them in the original 1oTRA.
However, by limiting these global matrices only to tune FBD and its rotor, this
complication is reduced. The inverse of the nondiagonal matrix is subse-
quently used to render the affected equilibrium equations to the same form as
in the original TETRA or the rest of the unaffected subsystems (without the
FBD).

In additio® the rigid FBD properties can also be considered as a part of
the rotor so that the rotor's nonrotating modes (or rotating modes) include
the FBD's inertia. The cross—axis coupling can therefore be included in the
"right side" of the equilibrium equations, as in the original TETRA. One
benefi: from this is the effective increase in the solution time-interval
step, since the FBD rigid inertia properties would lower the rotor modal
frequencies. The FBD requires inputs describing its modal characteristics,
e.g., modal displacements, modal potential energy and modal stress componeutis.
These are to be provided from a source external to this project. However,
some considerations must be noted here. The FBD one-diameter mode is essen-
tially an axial deflection of the blades aud disk. In other words, deflections
parallel to the rotor axis or FBD axis of syrmetr: predominates any tangeatial
(in the plane of the FBD) motion. This means that the "BETA" factor or speed
coefficient in the FBD rotating natural frequency expression must be at least
equal to (or greater than) unity.

To calculate the FBD input variables, integration is performed over the
disk volume as well as over each blade. Since the blades are discrete and
finite in number, the integration over the circumference is transformed to a
finite sum over the nun .z of blades. The transient sc'tion also requires
specifying a reference blade or polar angle location on the FBD as well as
the relative position (with respect to the angular reference) of a biade or a
point on the disk where deflections or stresses are desired, because the
stresses on each blade will not necessarily be the same at the -ame radial
location and the same time.

To calculate the transient stresses at designated poinis on the FBD, the
appropriate one-diameter modal stress components must be input since stresces
are calculated relative to the disk center of gravity. Similarly, the FBD
transient deflections are calculated at designated points where the location
and one-diameter modal deflectinns are also provided.
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3.7 FBD TRANSIENT DISPLACEMENTS AND STRESSES

The FBD displacements are the sums of the rotor defiections at the FBD
attachment, the contribution of rotoxr rotation, and the FBD one-diameter
(horizontal and vertical diametral Modes) modes relative to its center of
gravity.

However, the FBD deflections of interest are those which correspond to
the one-diameter modes relative to the center of gravity. Recall t it rotor
deflections are already calculated at selected points and that the >tational
displacement of a point on the FBD due to spin overwhelms all the other
displacement components. The FBD one-diameter displacement relative to its
center of gravity are calculated from equations (10) and (11) with the polar
angle definition of (12).

The FBD stresses are calculated in a similar fashion. The modal stress
components o the blades and disk must be provided at selected points. These
moda! stress components depend on:

Radius and

Polar Angle.

The stress components can be: (1) resultant bending; (2} radial;
(3) tangential bending; (4) shear; (5) principal, or effective-stresses.

These depend on what the user desires to calculate. These stress components
are calculated as follows:

S (r,e,t) = S (r,o)[p(t)sinv + q(t)cosv] (46)
FBD FLD
SPBD = Transient FBD stress—output.
SFBD = Modal stress component input; the same for either
vertical or horizontal diameter mode
with
¥ = {t + o0, Instantaneous Polar Angle Relative to Ground

¢ = Polar Location of FBD Point Relative to a Reference Diameter.

# = Rotor Spin Speed.



4.0 APPLICATION OF FBD-TETRA TO A DEMONSTRATOR MODEL

Applications are made to demonstrate the use of the FBD module and verify
its capability to calculate resonant excitation of the FBD with unbalance (or
force) on an adjoining rotor.

4.1 DESCRIPTION OF THE DEMONSTRATOR MODEL'S STRUCTURE

The demonstrator model is a two subsystem structure, illustrated in Fig-
ure 4, consisting of (1) a low pressure (LP) rotor containing the FBD and
(2) a high pressure (HP) rotor. This system is essentially the same as the
demonstrator mcdel in Reference 1. In this present work, however, the former
casing is considered as the HP rotor with a 100 gm—in unbalance at its first
spanwise location. A modification has also been made to the HP and LP stiff-
nesses e.g., reducing them to a tenth of their former values. The reduction
in stiffness results in lower frequencies and hence larger time intervals for
the numerical solution. Fizure 5 shows the modeshapes of the model's two
components.

The FBD properties are derived from the original (Reference 1) bladed-
disk by allowing it to undergo a one-diameter axial vibration mode shape. The
FBD modal properties are then calculated with the formulae developed in Sec-
tion 3.4.2. The FBD stiffness is chosen arbitrarily so that its one-diameter
resonance is in the range of the HP-LP differential speeds. Also, several
values of the FBD stiffnesses (or natural frequencies) arz considered in order
to observe how its r.svnance speed can be raised or lowered - e.g., exhibit

the classic observation of resonance frequency-excitation frequency cross—
overs.

The excitation source is the unbalance in the HP rotor. The ratio of the
LP to the HMP rotor speeds is held a constant 2.045; however, the LP speed (and
hence the HP's) is allowed to increase, from 2400 rpm, linearly with time,
resulting in an FBD excitation frequency that also increases linearly with
time. Figure 6 shows the prescribed time histories of the HP and LP rotor
speeds.

4.2 DEMONSTRATOR SUBSYSTEMS' MODAL CHARACTERISTICS

Since the objective of the demonstrator model is simply to show how the
FBD-TETRA is used and that it is feasible to excite the FBD one-diameter mode
in one rotor by an unbalance in the other rotor, the number of subsystem modes
is minimal. The subsystem modes are obtained from an in-house direct solution
method, and its modal output is stored into a TETRA input file.

The LP rotor modes are represented by their first five modes (two rigid
body and ‘three flexural modes); while the HP is represented by four modes (two
rigid modes and two flexural modes). Polar symmetry being assumed, these
modes are replicated in the vertical and horizontal planes. The frequencies
and sketches of the subsystems' mode shapes are summarized in Figure 5.
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FBD

Figure 4.

LP-Subsvstem No.

— e erma e —— ——— e e Gmam — — —

10,000 1b/in. 10,000 1b/in.

HP Subrsvstem

50,000 1b/in. 50,000 1b/in.

Schematic of Demonstrator Model.
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Figure 5. Summary of Demomstrator Subsyvstems' Modal Characteristics.
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It must be noted that the FBD modal characteristics are obtained in a
program external to this present task. For the purpose of this demonstra-
tion, it is convenient to pick the FBD input arbitrarily; however the values
that are selected are typical of FBD one-diameter modes in production turbine
engines. Inputs for the demonstrator model are given in Table 1: The first
part contains rotor modal/inputs as in the original TETRA; the second part
shows (compare with FBD input sheets in Section 5.0) the FBD inputs and the
connecting elements, and finally the third part contains the summary of the
complete inputs as made by and rearranged by the program.

The FBD one-diameter mode is a standing (nonrotating) wave and is repli-
cated as vibrations in two orthogonal diameter node lines (vertical and hori-

zontal).

4.2.1 Natural Frequencies of the FBD

In demonstrating the resounant amplification of the FBD, it is necessary
to input a one-diameter natural frequency which will lead to the desired
values when the effects of rotation and gyroscopic cross—-axis coupling are
accounted for in the FBD-TETRA program. In addition, the system frequencies
of the FBD-rotor combination are differentc from the initial modal inputs,
since the modal svnthesis by TETRA includes inter-subsystem and inter-modal
couplings. As a consequence, the true combined FBD-rctor resonant frequencies
are found only as a result of the analysis.

Therefore, in the FBD-TETRA calculatioas, it is prudent to arrive at a
"good" initial value of the FBD frequency in order to minimize repeat runs to
show FBD resonant response in the context of the complete structure.

To achieve this initial selection the effective resonant frequencies of
the FBD when isolated from the rotor degrees-of-freedom, is calculated. The
resulting FBD one-diameter mode frequencies with gyroscopic coupling are cal-
culated from the equations of the degenerate FBD as described in Section 3.5.2.
There are two frequencies since the cross-axis coupling has the effect of
splitting the symmetric FBD's frequency at zero speed, into two modes corre-
sponding to a forward and a backward wave. Thus:

2 99
Wwd =V“"02 + 8202 + @

Vbkd =\/“’02 + 8202 - @

From these expressions, one can select the nonrotating frequency w, and
beta factor, B, that would result in the desired effective FBD frequencies
with gyroscopic coupling. These expressions also indicate the two possible
FBD resonant excitations.

(47)

In the demonstrator cases, the nonrotating one-diameter frequency and the
beta factor are selected to produce effective FBD rotating frequencies close
to a rotor critical speed and/or excitation frequency.
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4.3 TWO-ROTOR MODEL WITH FBD: TRANSIENT RESPONSE

The two-rotor model is designed to illustrate the phenomenon of resonant
response of the one-diameter FBD mode (on the LP) from an unbalance stimulus
in the HP rotor. 1In this case, the unbalance load on the HP rotor is traus-
mitted to the LP via the counecting springs. Due to the HP-LP differential
rotational speed, the unbalance is "felt" by the LP (and consequently, the
FBD) as an oscillating force in the direction of rotation of the LP, and at a
frequency equal to the difference in the rotors' speeds. Because there is no
direct physical link between the HP and the FBD, the FBD is excited inertially
by the motion of the LP rotor.

To demonstrate the FBD resonant response, its rotating natural frequency
(FBD alone) is chosen to be near the HP-LP difference speed. It must be
recalled that the FBD's true resonant frequency is a result of the inertial
and gyroscopic effects of the HP and LP rotors, which can be calculated only
(by fast fourier transform analysis) from the fully coupled system. The FBD
resonance is therefore identified as one of the modes of the fully coupled HP,
LP and FBD system wherein the motion of the FBD in its one-diameter vibration
is predominant.

The FBD model was also modified to study the effect of its basic nonro-
tating frequency, (or elasticity) on its critical speed. By lowering this fre-
quency as well as the HP and LP speeds one would expect the FBD resonant fre-
quency or critical speed to occur at correspondingly lower rotor speeds (this
translates to earlier times in the Transient-response plots).

The calculated transient responses for the basic demonstrator model as
well as the several modifications of its nonrotating natural frequency are
illustrated in Figure 7(a). Each plot contains the FBD's transient axial
displacement history in a rotating axis. In addition, Figure 7(b) shows the
corresponding transient responses of points on the LP and the HP, for the case
of the stiff FBD (42.5 Hz).

The initial neak corresponds to the HP rotor bending mode resonance. The
second peak is the FBD response. When the FBD natural frequency (or stiff-
ness) is reduced, its resonance respense occurs at an earlier time which cor-
responds to a lower LP rotor speed and a smaller HP-LP differential speed.

The FBD resonances represent approximately the crossings of the HP-LP differ-
ential speed (excitation frequency) curve with the speed versus frequency cur-
ves of the FBD for various stiffnesses. This is given in Figure 8(a) which
shows the rotating frequencies of the "FBD~alone'" module. Note the effect of

rotor speed acceleration rate and the gyroscopic coupling between the FBD and
the rest of the mode,.

From Figure 7(a) and §(a), the FBD resonant amplitude (the second or
later peak) is found to be smallest for the high stiffness (42.6 Hz) case and
increases as its resonant speed (lower stiffness) approaches the HP resonance
(first peak). This is explained by the fact that the FBD stimulus is by an
inertial interaction with the LP and HP, and that this stimulus is largest
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at the HP resonant speed. Also, at the lower stiffnegs, the FBD is more flex~
ible and hence exhibits a smaller impedance. It can also be observed that the
HP resonant frequency relative to ground is higher compared to what is "seen"
by the FBD (first peak,. This difference is explained by the fact that the
FBD response is shown relative to a rotating LP reference frame, and hence the
HP vibration is seen at the difference (HP-LP) frequency.

The FBD resonant frequencies chown in Figure 8(a) by the circles, are
with respect to the rotating LP. These are obtained from an expanded time-
scale plot of the resonant peaks by counting the number of cycles per unit
time (these can also be obtained by an FFT analysis), for example see Figure
8(b). The FBD displacements and stresses are also calculated with respect to
the LP rotating reference, since these would be more meaningful for the inter-
pretation and visualization of the FBD response.

Finally a typical FBD stress component's transient response .s shovn i
Figure 9 for the high stiffness configuration (wg = 42.6 Hz). The stress,
being directly proportional to the displacement, has an identical time his*ory
except for the amplitude, e.g., the same frequency content. The stresses at
various points in the FBED do not have the same amplitude or phase, since these
stresses depend on their polar as well as radial position and on whether a
point is on the disk or on the blade. Being a single mode representation,
the FBD response follows exactly the relative modal stress~ and displacement
shapes. Also, since the FBD deflections and stresses at arbitrary locations
are found subseqiant to the calculation of the generalized coordinates'
response, the transient FBD displucements and stresses may be calculated €rom
input values of modal-stresses and displacement shapes at desired FBD poinrs.

By way of illustration, a sample output of the FBD and rotor responses
are given in the last part of Table .

4.4 CONCLUSIONS AND RECOMMENDATIONS

The flexible-bladed disk (FBD) module has been embedded in the Turbine
Engine Transient Response Analysis computer program (TETRA). This version of
TETRA now permits the calculation of the transient response of one or two FBD's
on a roter in a turbine engine structure.

The logic of the theoretical formulation has been checked with closed-form
solutions of the degenerate cases for (1) FBD alone and (2) rotor without an
FBD. Also, application of the TETRA~with-FBD to a two rotor paradigm model has
demonstrated that the FBD one-diameter mode (on one rotor) can be excited into
resonance by an unbalance on the other rotor. The latter phenomenon has been
observed to occur in actual engine experience, and is the principal reason for
developing the FBD module of the TETRA Progran.

Within the assumption of a single bladed-disk mode, the FBC-TETRA also
calculates dynamic stresses in the disk and/or blading (on one rotor) that
result from unbalance in the other rotor. With the formulation of the rotor-
FED-structural interaction, this program can be employed to identify potential
dynamical problems of blade-disk-rotor systems and also to evaluate analyti-
cally solutions to current problems.
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Finally, the FBD-TETRA Program r:s been installed in the NASA LeRC "Cray"
computer, and run successfull~ there.

Due to the volume of cal .lated data inherent in a transient analysis of
engine structural systems, it is recommended that a plotting capability be
added to the "Cray" version of the FBD-TETRA. Whereas this capability is
incorporated in the NASA Univac version of the original TETRA, the "Cray"
needs this to make the interpretation of results more 1»pid and meaningful.
When one looks at any cf the transient plots in Figures 7a, and note that each
plot is made up of 5C 0 separate time steps and that each time step represents
several pages of printout, a plotting facility becomes a necessity.

Another recommendation is for updating the NASTRAN modal input file. The
original TETRA employed the subsystems' modal data calculated by NASTRAN as
input to the Univac version of TETRA. Since the "Cray" uses 64 bit words
rather than the Univac's 32, and due to other differences in the two -omputers,
the NASTRAN-Interface Program (which processes NASTRAN output for TETRA-Univac
input) should be updated to permit NASTRAN modal data to be input directly in
the TETRA-"Cray" computer.

Beside the "Computer Systems" recommendations, the FBD-TETRA should be
applied to larger engine systems. Any new program needs to be exercised thor-
oughly to discover ali its potentials as well as expose its bugs and short-
comings. The E3 structural model provided in Task II of the present con-
tract is one such system.

The current interest in high speed turboprop propulsion is anothe: area
of possible application and extension of the FBD-TETRA. With the comparatively
large multibladed propellers, propeller-engine-nacelle-suppor* interaction may
become an important aspect of these propulsion systems. A mcdification of the
basic FBD-TETRA may be made to include one-diameter-mode propeller hlade aero-
dynamic loadings which would be comprised of external forces and so csglled
motion dependent aerodvnamic loads. This would extend the capability of the
computer program to analyze propeller-rotor aeromechanical problcins such as
forced resonant vibration of whole propulsion systems and the classic whirl

flutter3:5, which is essentially characterized as a one-diameter propeller
mode .

Other possible additions to the program could also include embedding new

connecting elements such as nonlinear squeeze-film bearings (Reference 6 for
example) or nonlinear springs.
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5.0 FLEXIBLE BLADED DISK,/TETRA PROGRAM DOCUMENTATION

5.1 SUMMARY AND INTRODUCTION

The original Turbine Engire Transient Response Analysis (TETRA, Refer-
ence 1) subsystems are coupled gyroscopically and/or by connecting ele-
ments such as bearings, springs, etc. This results in equations of motion
wherein the generalized or physical acceleration, hence mass, ~ucur only once
in each equation. In other words, the modal mass matrix is diagomal. This
property of the equations of motion is ideally suited to a central-difference
integration scheme for the transient response solution; as a matter of fact
global matrix equations are not naces.ary.

In the present development, the flexible bladed disk (FBD) motion is con-
sidered relative to the rotor, which means that the FBD is a mode constrained
to the rotor on which 1t is a component. In order to derive the equation of
the FbBD module, one must include the motion of the rotor (at its attachment to
tue FBD) as well as the FBU. This results in a mass or inertial coupling
between the rotor and FBD - in other words, the mass matrix of the rotor and
FBD equations are no longer diagonal. As noted in Section 2.0, this requires
coastruction of a global matrix equation of the rotor and FED, taking the
inverse of the mas:- matrix, and multiplying the matrix equation of the rotor
and FBD by the inverse. This results in the diagonalization of the accelera-
tion coefficient matrix -~ identical in form to the original TETRA. Conse-
quently, the central-difference integration scheme is employed in the solution
of the combined FBD-TETRA.

The embedment of the FBD into TETRA requires the following:

1. Discretized FBD rotor equations

2 Global matrix formation, mass matrix inversion and multiplication
3. Definition of FBD cnordinates and convention

4. Definition of essential FBD geometric, elastic and dynamic
properties

5. Definition of rotor-FBD interface
6. Definition of input/output.

These items as well as the overview of the FBD-TETRA program structure
are described b:low.
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5.2 GENERAL SCHEME OF ¥BD's EMBEDMENT IN TETRA

The ¥BD and the rotor on which it 1s a part are identified and defined.
This description of the FBD and its rotor allows the extraction from the
engine structural subsystems, the connecting forces joining the FBD rotor to
other subsystems.

The FBD-rotor coupled equations are trezted in the FBD module (actually
several subroutines) while the rest of the subsystems are unaffected. The
FBD module performs the global matrix operations of formation, inversion, and
multiplication. After the FBD rctor equations are restored to the same form
as the original TETRA, the FBD rotor is returned to the overall TETRA program
for transient solution. Additicnal output variables are calculated to provide
the FBD transient displacements and stresses.

Figure 10 gives a view of the general scheme of FBD's embedment in
TETKA.

Modeling the FBD rotor system must include the total engine structure as
well. The FBD input are therefore additions to the original TETRA inputs.

5.3 FBD MCDULE INPUT

FBD input has been accommodated by adding input sheets C-13 through C-16
to the program input. No changes were made to any of the already existing
TETRA input sheets. Thus, any run made on the previous version of the program
that did not include FBD capability will still run on the new version.

As noted above, FBD input is entered on Type C-13 through C-6 input
sheets. Each FBD is represented by a modal subsystem, which is why the FBD
input has been grouped with the other modal subsystem (Type C) input sheets.
A TETRA model may include 0, 1, or 2 FBD's. If no FBD's are present, input
sheets C-13 through C-16 are omitted; whereas if one FBD is present, sheets
C-13 through C-16 are included once; and when two FBD's are present these
1nput sheets are included twice. For other important information regarding
the FBD input see the notes included on the Type C-13 through C-16 input
sheets.

The FBD one-diameter modal data are replicated for two planes: That is,
a horizontal diameiric mode and a vertical diametric mode. These two modes
represent two standing waves, which the FBD traverses as it spins. The FBD
generalized coordinates are the participations of these two modes.

The FBD modal inputs can be divided into two groups. Group 1 input data
(that incluue input sheets C-13 and C-14) are essential to the dynamic
response of the FBD as a subsystem of the engine structure - they characterize
the fundamental one-diameter modal properties of the FBD. They include the
FBD center of gravity location, the FBD modal weight and modal inertial prop-
erties, Q-factor, static one-diameter modal frequency, and beta factor input.
Group 2 input data (that include input sheets C~15 and C-16) have no effect on

36



—Ehgine Structure
Subsystems Components,
Geometry,Modal Data

Module \\\\\ Overall Program
‘
FBD-Modal & Global Mass ~ Trajsient
Elastic Input Matrix Forma- ™~ Response
Rotor Ident/ *1 tion, Inversion, \‘\ 052 ut
Connection Multiplication \ P
A;* 'Connections '
Diagonalized to FBD-Rotor |
FBD-Rotor — |
Equations

\ /

Figure 10. General Scheme of FBD's Embedment in TETRA.

37



Page of
NAMELIST
Type C-13

MODAL SUBSYSTEM INPUT FOR FLEXIBLE BLADED DISK SUBSYSTEMS

Input sheets C-13 through C-16 apply for Subsystem 12 (Flexible Bladed
Disk Number 1) and Subsystem 13 (Flexible Bladed Disk Number 2).

Lf both FED Number 1 and FBD Number 2 are present, they must be located

on the same rotor. If the FBD(s) are on Rotor 1, then the rigid body
modes for Rotor 1 must be included in modal Subsystems 1 and 2, and

modal Subsystem 3 must be omitted. If the FBD(s) are on Rotor 2, then the
rigid body modes for Rotor 2 must be included in Subsystems 4 and 5, and
Subsystem 6 must be omitted. Both the rotor vertical plane and horizontal
plane subsystems shou "¢ included fer the rot - 1ich includes the
FBD(s) to account .o 'ing between the generaiized coordirvates. The
physical weight and r.. . moment of inertia properties of the FBL{.) must
be included in the 3pplica e rotor vertical and horizontal plane sub-
systems. Rotor speed input (Input Sheet J) must be included for the rotor

on which the FBD(s) are located.

4

$

SLIST2

TITLE=" ',
ISUB= ___“___~JSUBSYSTEM NUMBER (12 or 13)

Ice= ,TETRA Point number for the FBD center of gravity (This

point must be included in the applicable rotor vertical

and horizontal plane subsystem input)
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Page of
NAMELIST
Type C-14

MODAL SUBSYSTEM INPUT FOR FLEXIBLE BLADED DISK SUBSYSTEMS

¥/

WIF= , one-diameter modal weight WIy (1b)

QFAC=_  , modal Q-factor (omit or set to O if no damping
desired)

WF= , static frequency wg (hertz)

XMU= . modal tangential shear coefficient, M, (1b)

sv= , modal moment coefficient, S, (in-1b)

Note: To account for gyroscopic effects for the FBD, the polar moment of

inertia of the FBD must be input on Sheet N at the FBD C.G. point.

Input the following table for beta factors. Include at least 2 and a

maximum of 10 lines. Entries must be in order of increasing rpm.

B
RPM FACTOR

Vv

BETA=
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NAMELIST

Type C-15

MODAL SUBSYSTEM INPUT FOR FLEXIBLE BLADED DISK SUBSYSTEMS (Continued)

(Vertical Direction)

:,‘l
A
2

z! (Local Point on FBD)
r
Y'
Coordinate &
iys;et Fixed 6 (Angular Displacement of Rotor)
o Rotor

[ 77777% Y (Horizortal Direction)
(Forward Looking Aft) Fixed Global Coordinate System

Enter the r and § coordinates for each of the subsystem points other than the
center of gravity point. Maximum of 200 points for subsystem 12 and 200
points for subsystem 13 other than the center of gravity points. n = number

of subsystem points other than the center of gravity point.
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Type C-16

MODAL SUBSYSTEM INPUT FOR FLEXIBLE BLADED DISK SUBSYSTEMS (Concluded)

For each of the subsystem points other than the C.G. point enter the

static (zero speed) mode shapes (assumed to be 0 if not entered):

FBD FBD
Tangential Axial
Translation, Transiation,
u (inches) v (inches
FBDMS =

nE ’ ,
122 , ,
2 3 > ’
b
e
..t
o
[T
C
(9
Q
[ |
@f .,

For each of the subsystem points other than the C.G. point enter the modal

stress components (assumed to be 0 is notr entered):

31, 02, 03,
psi psi psi
\/
FBDS =
F'h , , ,
2 s s s
3 R ) )

Local Poirt Number




the FBD-engine interaction; they, however, allow the calculation of the
response of any of the local points on the FBD as determined by the Group 1
inputs. The Group 2 input includes the r and £ coordinates, the mode shapes,
and the modal stress components for each of the lccal points on the FBD on
which transient displacements and/or stresses are desired.

Input sheets C-13 through C-16 follow. See Table 1 for sample input
demonstration case.

5.4 FBD MODULE OUTPUT

tn additon to the original TETKA output (Retevence 1), FBD output are
calculated for:

1. FBD one-diameter participation tactors (generalized displacement)
for (a) horizontal diameter node line standing wave and (b) verti-
cal diameter node line standing wave

2. Axial and tangential displacements relative to the rotor attachment,
of any designated point(s) on the FBD (the point coordinates and
mode shapes must be in Group 2 input)

3. Stress components on the FBD at designated points (location and modal
stress components; that is, stress/deflection must be included in
Group 2 input).

Also, the FBD rotor mass matrix and its inverse are printed out. This is

intended to provide assistance in diagnostics. A sample of a typical output
is given in the pages which follow.

5.5 OUTPUT PLOT FILE: FORMATS AND DEFINITIONS

Some changes to the content of the output plot file were unavoidable
because of the need to add the FBD displacements, stresses, participation fac-
tors (generalized displacemments), and other FBD parameters to the output plot’
file. For this reason, any TETKA postprocessor program that reads this output
plot file and which was written for the old version of the program without FBD
capability will have to be modified slightly to work with the revised TETRA
program. However, such required changes are minimal and can be accomplished
quite easily.

The following is a listing of the contents of the output plot file for
the revised TETRA program. This iisting should be helpful to anyone modifying
an existing program which reads the TETRA output plot file or to anyone writ-
ing a new program to read this plot file.

See Table 1 for sample output demonstration case.
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)
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L IBESIE Bl
3.S7237€ 81,
1.5477E 8%y

-L.2BleE B1
9.959¢1E B2,
Z.ZLSSEE @3,

-1.£879y2 -85,

.95 4%E 35,
1LIZ912E Bés
I.1E79%E B¢y
2.02757€ #éH
S.DAGIPE e
9.8937IE 9%
~7.3715%E-82)

-8, 94015 d¢
~£.95428E B¢
~Z.70597E B,
1.5551¢E 8¢,
1.51830E B¢
L.EEB3LE 96,
9.1817ZE-02

7.47287E 85,
1.8E304E 97,
-6.SA89E 9%,
-5.3%676E 9%,
8.9933%E #¢,
1.468102E 97,
Z.59491E-01,
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)
2216600 $LISTL
TITLE:'SUBSYSTEM 4 ~--HP ROTOK VERT.---',
1SUBe &,

XREF» 8. '
YREF = [ B .
IREF= 9. ’

022508
0022408
2780
e922008
922908
Mzie0e
80231080
0823200
0823108
8823469
9923500
923400
2023700

PYS=
9 [ B v s. ’
9 [ B ’ [ B t
i [ B ’ [ B ’
i1, 4. ’ $. ’
12 8. v s v
13y [ B v ’. '
14, ’. ' [ [
XNODES*
123.6: 1.06556E 82, 19888, I/
170.4, 1.908B6LE 82, 100806.: I/
$395.9. 2.35766E 05 10006.) 6
9349.6. 1.8Z190E 64, 10080.. 6.
VHi{ls1s1)s
-1.06066C 06, L.345278-82 3.98772k 81 -1.91282E 83,

~8.83422E-01,
~6.50074E-01,
-4,13985E-01
-1.77828E-01»
S.03928E-02,
1.76534E-81
VHi{lr 12V e
-3.17081€-601,
-1,827786-901,
8.57418€-02
3.47421E-981
6. 08070E-01
8.69322E-91
1.60008¢ 99,
VH{lsfs3)=
1.00000¢ 99,
$.20320E-01
-3.03799E-01»
«7.440646E-01
~3.16835E-81)
S.90030E-91,
9.58042E-0!,
VH{171:8) 0
-1.90000C M0,
~2.798146-84,
9.62837€-01
-3.7%3221€-92»
~9.64346E-01,
2.96816E-01
9.463499¢-81,
SEND

1.16524E-0Z,
1.14471E-02
1.10134E-62
1.18134E-02
$.10132E-02,
1.10133E-02,

1.34201E-02+
1.34199E-9.
1.34178E-9
1.30704E-02)
1.30684E-02,
1.385448-02,
1.30571E-02

~2.84524E-02/
-2.77179E-92,
~1.90243E-02,
~4.37447E-04.
1.81044€-02,
2.47032E-62,
2.74062E-92:

4.32023k-82,
4.07739E-92,
1.90040E-02,
3.510646-93,
2.00029E-02,
4.05270E-92,
4.200348-92/

1.80449E 02,
1.79120E 02,
~3.47929€ #1,
~Z.18625E 04
~2.08157E 01,
2.02264E-#7,

2.3S482€ 41,
4.746687E 91
4.77039E #1,
9.74497E 04,
~1.33726E 82,
-2.95851E 62,
~1.5111SE-#6,

=7.33406E 84:
~1.9426ZE 05,
=-1.51497€ 65,
4.93964E 04,
1.73885E 9%
1.131768E 65
1.59249E-04,

2.23136E 05,
3. 34019 03,
~9.39703E 84,
-5.4583%€ 63,
1.18982E 9%,
2.72170E 95
~3.47904E-04,

-4.39136€ 02,
~3.02919€ 03,
78

.4
1.01686E 02,
~7.57617E-87

-3.52972¢ 91
~3.81292E 02,
-1.46459¢ 03,
-3.03473E €3,
-2.73%92€ 03,
8.11273E 02
[ B

7.39295¢€ 84,
9.51580€ 85,
4.81068E 05
$.28005E B¢/
4,23128E 06,
8.41809 85,
6.27197E-83,

~3.41441E 05,
~3.21732E #6,
-8.43009E 06,
1.117118 05,
9.04198E bs:
2.00913E #é.
s
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)
#9z3200 SLISTZ
4923990 TITLEs'SUBSYSTEM S ---WP ROTOR HWORI2.'.
PR 400 1SUB= S
dII4190 XREF = [ .

J274209 YR

EFs [ B ’

AP 4309  IREF= e. ’

AUl 349080 PT
D453
Ldeda

vH

VH

Si17892
7

H

3026360
»PAz8500
Agicede
FQ22700
a0ieedd
AR89

VH

14, 190,000,

XMGDES -

a. ' [ B
9. ’ [ B
9. ' #.
3. ' [ B
9. ' [ B
é. ’ [ B
a. ' [ N

1234y 1.9698:E B2, 100484.,

173.4, 1.908¢4E B2, 10000,
%3%55.9 2.3ST46E 2T 19089,
CETT RN 1.02199E #&r 10099,
(oleld-

-1, 08300E 80,
-8,93422E-01
-5.T0074E-81,
-4, 1398SE-8L,
-1.773208E-81,
SLRTULRE-DL,
1. 7¢S%4E -2,
Ierlel
17081 E-8),
-1.827708-01,
I.STHIPE-AZ,
3.47421E-91,
. @Y TRE-B1
$.E9322E-01
1.88790€ 89,
19103}
1. 30004F "4,
L e

B3799%-nl,
A4 ceE-21
3., 14603%5E-01,
€. v@E3PE-F1,
°.S5KAZE-R1,
ird &)=

-1.00030E ¢4,
=2.79%514E 01y
¥.82537¢-01
=3, 75221622,
9. 60346E-81
Z.0481LE-21
. bINGIE-BL,

7.

SEND

1.16527E-02,
1.16524€E-92,
1.16471E-02,
1.16154€-0C,
1.10134E-02»
1.18132E-02,
1.18133E-82)

1,34201E-02,
1.34199E-22,
1.34170E-92,
1,38704E-82,
1 306R4E-82,
1. 38364E-00)
1.38574E -G

~Z.BASZAE-DC
“Z.ITITRE-BI
1. 90Z6SE-02,
-4, 3TA47E-04,
1.81044E-82
Z.6TP32E-02»
2. T4042E-02

4, 3IPTIE-ALy
4. P7729E-02
1.9834PE-02
3.51844E-02,
2.90829E-02,
4. 95278E-92,
A, Z8834E-02)

1
Iy
D
[ 0

3.90772E #1»
1.80449%E 02,
1.79120E 92,
-3.47929E 21,
-2.108Z5€ @1,
-2.83157E 81,
Z.82284E-87,

SJISAPZE B
A4,76687E 21,
4.770%9E #1,
S.74697E 28,
-1.33702¢E 30,
- 9N851E BIH
-1.51115E-9¢,

-7.33608E 04,
<1.54242E 0%
-1.51497E 2%,
4.9396LE B4,
1.73083€ 2%,
1.13172€ @5,
1.59Z49E-04.,

Z.22136E @5
2.34019E %,
-9.39743E 84,
-S.65€35E 95,
1.19302E 85,
2.72176E 0%,
-3.47904E-04,

~1.E1232E Ol
-4,2915¢E B2
~3.92919E 92
~1.07831E 03,
“2.4%427E 85,
1.01¢3¢E 95
~7.37¢17E-87

-2.5Z97:E 21
~3.81292E 82y
-1, A8459E 83,
-3,834075E 93y
2. 73TYE 87
8. 11273E 8%y

7.39295E @4,
5.515¢0E 95,
4.81080E 26
6.2580%E B¢
4.33128€ #¢.
8,41809E 0%,
€.27197E-03,

-2.31441E 0%,
~3.21732E 8
-B.43309F 9¢,
1 11711E 2%,
€.P3193E Bi,
Z.38Y15E 8¢,
¢. '



Table 1. Two-Rotor Model with FBD, Input and Output. (continued)

A L
HQZ9189
AR08
A@9200
AL29443
r@L9SPD
SPZS LD
329780
4029502

ORI AL, po -

OF FOui G v

N

SLISTEZ
TITLEs' FBD AT PT 7 OF LP ROTOR-STIMULATED TURBINE’/
1SUR=12,
1CCs7y

WYF =288,
UFAC=idB,
WFsAZ. by
XMy=58, FBD Inputs
SV=2008,
BETA=
Bl
16083988.1.0,
FROPTS:

16, @

e

R DA ]

15 2@

1R 4T
NN
IR0
FEOMS:

e, 0%

Ll 3%,

S SEd,
JET,4ET.TES.
JESIESyIE4
Ar@rin

IS SETH SRS
Bodody

$ENL

$LISTE
ITYPE=S,
ILEM=§
JT=3018,
YSs 8820,
I5= 19090,
1DAMP=1
GELEM=1S,
QFREQ=93. 3
$END
sLIST?
ITYPE-S,
ILEMZ,
JTsér13y
YS=50908,
238000
1DAMPa Ly
QELEN=13,
QFREQ=93.3,

ILEM=Z,
JTeil#e 31,
YS+S0000,
IS=5008¢,
1DAMP» 1,
QELEM=13,
UFREQ=93, 3,
SEND
$LiST3
ITYFE=S,
ILEM=4&, .
JTr139320
S+ 30080,
15:=50008,
1DANPs 1,
JELEMs1S,
SFREQ®93, 30
SEND
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Table 1. Two-Rotor Model with

pesb709
034809
8934908
9037687
8637168
8937200
2037389
L4

841169
eP41289

$L1ST4
ISTART=S,
DELTA=. 00015,
TFINAL*.4S,
IPRNUL> 1800,
IPLMUL=$3,
IROTIe},
DECTIN:0,
DECRPN-2489,
TRHIS(1s1)s
1.0:8:
4.0,300,
Al

B2,
Ced.235,
D»-3775.8,
UNBAL (141) =
HOIP%,6,108:9.
GYRD(141) =
1:184209,
7:184285,
NPD(Lsg =
el

eriy

I3

41y

413

Sl

&rly

2010

Hls

el

il

1111y

11030

13s1

1311

141
NEFPDI(1, 1)
1rdsls
1033
Zréatr
321851,

I i3
LIREIRN
SEND

ORIGHIS, VoD 7o

OF POR QUALITY

FBD, Input and Output. (Continued)



Table 1.

9412308
0341400
41500
86414603
042709
dadsieee
41900

S83:708
2342300
RRIGED
A4 3209
3198
JR43Z08
Rl 4

348540
2242309
04500
308372
443088
bkl ]
2D44000
2844108
384400
3044304
3044400
3044502
R44c98
844708
oLAcee
L 2150 1]
845082
3045108
045209
2045300
843490
MasSes
AP43L02
2043708
8043606
847928
0045000
645198
2246200
2045300
0944462
#94:500
04Lo00
0944700
2944600

(L]

8037706
847ede
3947900
5040044
0048109
0948208

c:?;_: N v‘_.
OF yiiiie Lointad

Two-Rotor Model with FBD, Input and OQutput. (Continued)

END OF INPUT
1THE CURRENT

FILE .
PROCRAM LIMITS FOR THE INFUT VARIABLES ARE -

MAX NO. OF PHYSICAL PJINTS NCT LOCATED ON THE MIDAL SUBSYSTEMS: 1o

SUBSYS

G OW A EWrY -

MAX. NO. OF
MAX. NO. OF

MAX. NO.
OF PHYSICAL MAX. NO.
TFM POINTS OF mODES
‘e 2 TETRA Processed Input
e o from Initial and
12 15 Basic Input
e 22
“d *G
9
i@ E?
19 2

FHYSILAL POINTT FOR SUBSYSTEM I OTHER Tmah THE .
PHYSICAL POINTS FOR SUTYSTEM 12 OTHER THAN THE .

Y od

Hon
>

IRER

NUMBER OF MODES FOR SUuBSYSTEM 12 = £

NUMBER OF M0
MAX. NO. OF
MAX. N3. OF
MAX. NO. OF
MAN. NO. OF
®AX. NO. OF
"AX., NG. OF
MAX . NG. OF
MAX. NO. OF
nAX. NOG. OF
“AaK. NO. OF
MAX. NO. OF
MAX. NO. OF
MAX. NO. OF
VELOCIT
MAX. NO. OF
ELEMENT
1INPUT DATA F

FOINT
NURBER

31

3%
'NUHBEﬁ OF PH

SUBRSY
NUMBER OF SU

SUBSYSTEM DI
z

THETA-

SCLUCRDINATES

X 8.000

DES FOR SUBSYSTEM 13 = 2

TYPE | PHYST AL CONNECTING ELEMENTZ: S

TYPE ¢ PHYSICAL CONNEITING ELEMENTS: 1@

TYPE 3 PHYSICA (ONNECTING ELEMENTS: 1D

TYPE & PHYSICAL CONNECTING ELEMENTE: 4

TYPE 5 PHYSICAL CONNECTING ELEMENTS: 1@

SFEED SEGMENTS: 1@

INBALANCE BiRTH EVENTE: I8

PaCOS{WT) AND FeSIN{WT) LOADS- 3¢

TIRE-FORCE RISTORY LUADS: 3@

TIME-FORCE HISTORY TABLES: 1@

{TIME-FORCE) PAIRS IN EACKH HWIZTORY TARLE- 14¢
GYROSCOPIC LOAD LOCATIONS: 3@

(POINT DIRECTION) PAIRS FOR WHICk COORLINATEZ, [IZFLATEMENT:,
1ES, AND MODAL FORCES ARE WRITTEN T0 THE PLOT FILE= S@
{ELEMENTFOINT»DIRECTION) TRIOS FOS WHICH CONNECTINC
FORCES ARE WRITTEN T THE PLOT FILE- S@

OR POINTS NOT LOCATED ON THE MODAL SUBSYSTEMS-

CODE
(@:FREE! COORDINATES (INCHES) -CLORAL ZYSTER
{1eFI1XED) x Y z
1 3. Lodd ?.000 ?.003
1 §. 000 0.030 8.000

YSICAL POINTS NOT ON MCDAL SUBSYSTEmMS:= 2
DATA FOR mMCDAL SUBSYSTEM |

STEM | ----VERTICAL _P ROTOR----
BSYSTEM DIRECTIONS:

RECTIONS-
{CLOBAL DIRECTION 1)
Y (GLOBAL DIRECTION 2)
OF REFERENCE POINT RELATIVE TO CLOBAL SYSTEM (IN.)
Y= §.000 2 9.000

49
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

0040308 ;
0043400 COORDIKATES OF POINTS ON SUBSYSTEM (INCHES)
S840308 POINT LOCAL COORDINATE SYSTEM GLOBAL CODRDINATE SYSTEM
948408  NUMBER X Y z X Y z
8948700
9043808 , . :
9048999 1 0.000 0.008 . 0.008 5.900 000
23049008 2 10,908 0.000 10.009 8.0 006
249108 3 38. 800 9.900 30.080 0.0 e
230492992 4 56982 2.000 S9.00¢ 0.099 ode
2389392 s 7. 080 2.909 70.000 ooe 0@
3049409 s 98. 888 8.000 9.008 9.900 oo
2849588 7 180,908 0.000 196,000 0.09¢ e
2049589 INUMBER OF SUBSYSTEM POINTSa 7
045782
A849089
#049998 #LOCAL  CENERAL 1ZED MGDE TYPE CENZRE
2850998 MODE COCRDINATE  FREQUENCY POTENTIAL e O+FLEXIBLE CENERALITEL  STIFFNE:
2259187 NUMBER  NUMBER RPM ENERGY FACTOR 1=PICID BODY  WEICHT-LB LB IN SLees
R L,
2253798
2359460 : : 71, 6.307E+#1 198. 1 §.61TE-R.  @.RBBE-é:
335 3d N z 186,  1.682E+92  188. 1 797050 P .8¥BE- .
: 3 -3 2209.  1.008E+63 1. i 1.3565+83  Z.#:7E )

4 4 4314, 9.329E+85  182. ' T I SRR T F- B .

< 7818,  1.468E+06 100 ’ 1.65¢E+82  1.93:E-ec :
* ANUMBEF (F SUBSY:TEM MODES=
@THE MODE SHAPES FOR THIS SUBSYSTEM ARE-
2 WODAL DISPLACEMENTS mODAL FORCE:
2 LOAL  CENERALIZED GLOBAL DIRECTION CLOBAL DIRECTION

‘451732 WODE  COORDINATE  PGINT 1 z 1 -
3351482 NUNBER  NUMEER NUMBER z THETA-Y z THETS- Y
"Z‘ i
aioen
33T17a3 ! 1 31,0008 8.91024 5.3PBE+A1  -1.78PEEL

: 1 : -9.3571¢ §.81424 9.953E+a. 1 BTEed:

! : -9.5%187 0.0:326 9. ABPE+d: ’

1 b - P.P13¢1 -S.PASE~-A:

! 1 5 9.2145: -5.09ZE-4:

: H [ d.014¢! -S.111E+@:

: : T 0.814¢: 3.395£-27

: 1 P.90687  -S.TRlEsdi

: : §.98662  -5.343E-61

: 3 B.89:35  -5.56cE*dl

: 4 8.06869¢  -3.393E-d1

z z H] 280578 -4.@5eE-)

z z ¢ §.30691 -7.873E+91

2 z 7 0.805.3 7.733E-82

' £.57269 -0.84285 -S.173E+84

5 z -8.2652% 3367 -S.iceE-dd

3 2 -#.9571¢ -4.700E <94

3 4 -8.5747¢ 4.722E+04

3 s -9.49911 S.194E+94 L. #4YE-dc

2 ¢ A.1838% 5.22SE+#8  7.874E+@%
E 3 : 7 2.567¢&3 8.03:7z 1.869€-9T  -7.ITIE-8%
AQSe09
20%4190 4 ] : $.177¢3  -I.BACE~S5  -3.9ALE~de
2054200 4 - 2 ~Z. 111E+05  -&.9S4E+B¢
3054208 4 4 3 -2.174E<05  -2.70bE+R¢
PATAAE 4 . 4 -3.073€+93 TSSE+8e
Fa%ASEE 4 s s 1.98SE+84  1.5:3E+0¢
#954:28 4 4 6 1.83SE+@4  1.202E+95
#05a7Pe 4 4 7 $.9%33¢ -Z. 14SE-98  9.1SIE-#
2054090
9054990 5 s 1 -9.05248 5.389E+84  7_47IEPT
053000 S s 2 §.20384 S.13E+#4  1.B33E#S
0955180 = s 3 7.2376+07  -&.255E+8%
a9ssz88 - S s 4 -4.4B4E+PS  -Z.3S9E+RS
955380 S s s -8,.276E+05  B.9YAE+R6
#055408 5 5 ¢ 0.87735  -3.464E+85  1.481E+87
2055508 o s 7 9.12287  -9.73SE-63  Z.S05E-6!

0TS 00



Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

2035700 | DATA FOR MODAL SUBSYSTEM 2

WIS000

2033999

9050000 SUBSYSTEW 2 ----HORIZONTAL LP ROTOR----

9034190

9034200 ORI £t = rm

%Scm NURBER OF SUBSYSTEM DIRECTIONS: 2 BT o O D
5400 o -

2034309 OF FCo: SUALITY

S034600 SUPSYSTERM DIRECTIONS- Lt .

003700 Y (CLOBAL DIRECTION 3)

203000 THETA-Z (CLOBM. DIRECTION 4)

9954998 SCOORDINATES OF REFERENCE POINT RELATIVE TO CLOBAL SYSTEN (IN.)

MG X=  5.000 Y- 5.008 = 0.000

9037108 .

0057200

037300 COORDINATES OF POINTS OM SUBSYSTEN [INCHES)

37488 PGINT LOCAL COORDINATE SYSTEM CLOBAL COORDINATE SYSTEM

MSTINE  NURDER X v z X Y z

WST408

2057700

2337000 1 2.000 s.000 o.000 0.000 .00 ?.Ed@

WS008 z 10.900 o.000 0.000 10.008 o000 #.39¢

050000 3 20.000 0.000 0.000 30.008 0.0 TR

#6100 a S5.008 0.900 0.000 30.008 0.090 2.8

2056209 s 79.90¢ o.000 0.000 70.%09 0.09¢ 3.dee

959204 6 °9.000 ».o0e 0.000 .00 8.009 0.90%

2059490 7 100.900 o.080 0.000 100.000 0.000 o.M

433508 SNUMBER OF SUDSTSTEWM POINTS: 7

3039600

2932700

2055008 SLOCAL  CENERALIZED moDE TYPE

95988 MGDE  COORDINATE  FREQUENCY POTENTIAL ? P=FLEXIRE CEMERALIZED

SOTOS00 WUMPER NUMBER RPN ENERCY  FACTOR 1=RICID BCLY  WEiGWT-LE

2050100

2059209

9939309 1 ¢ TI. 5.38TE+0 109. i

#05489 < = 106. 1.60ZE+82 109. ]

059302 3 8 2289,  1.000E+05 189, )

003908 4 9 4218, 9.530E+05 189 2

28959700 s 10 7818, 1.468E405 108 ’

3059000 ONUMBER OF SURSYSTEM MODES: =
39T9908 THE WODE SHAPES FOR THMIS SUBSYSTEM ARE-
000088 (SIGNS IN THETA-Z DIRECTIGN CHANCED TO GBTAIN RITH~ #AND (OCADINATE

0040108 ¢ MODAL DISPLACEMENTS RGDAL FORIE!
200 LOCAL  CENERALIZED CLOBAL DIRECTION CLOEAC DIRECTION
96683890 NODE COORDINATE  POINT 8 2 a
0060406 NUNBER NUMBER NUMBER Y TRETA-I Y THETA-Z
08560508

e .

040700 1 3 1 -1.890000 -0.0144 8.899E~#1 1.748E-32
0969006 1 6 2 -0.0571é 91424 8.980E~91 1.07¢E~R2
9660900 1 [y 3 -8.87197 -8.91420 9. APBE+D] I.991E-82
0061008 1 3 . -0.2797% -0.91481 -5 04%E 0] 1.296E+05
01100 1 ¢ s e.01227 -9.91441 -S.PAZE+S! [T M
9801200 1 IS 6 6.30428 -6.0184! -S.111E+8: -5, 977E~di
09L 1398 1 6 7 8.4%837 -8.01461 3.49SE-87 4.453E-8¢
61408

9041588 2z 7 1 9.2880% -S.78E+81 Z.18TE-8L
0061400 2 7 2 9.3%65%¢ -S. 3436+ -3.571E+8:
861780 z ? 3 .49352 -6.S66E+01  -1.549E+@3
0961000 : 7 4 0.43173 -4._998E+01 i.881E-81
8961999 2 7 5 8.7695 -6.056E+81  -9.568E+92
042008 F3 ? 6 0.9974 -7.073E+81  -I.Z64E+83
9062100 2z 7 7 1.00000 7.733€-08 1.480E-05
00462200

0942300 3 8 1 9.57440 9.04203 ~S.Z78E+B4  -5.956E+95
0062400 3 ] 2 -9.04323 §.03347 ~5.260E+00  -1,.129E+9¢
0962500 3 8 3 -8.9%716 8.00152 -8.700E+04 -7, 160E+86
Mizem 3 [ 4 -9.9747% 4.732E+94  -3.0308E+8¢
0902708 3 [ H -9.49921 S.194E+94  -Z.P4%E+Po
8062008 3 (] . 9.10309 S.225E+04  -9_.G4E~9S
sse2%00 3 [} ? 0.54748 2.C00E-9° 7.3728-03
$903008

03108 4 9 1 .42934 -2.0446E+0% 8. 940E+8¢
8063208 4 ’ 2 1.00080 ~Z2.111E+8S &.954E+06
8863309 . 9 3 -0.10094 ~2.174E+8% Z.7068406
0043400 4 9 4 -6.63954 ~3.073E+83  -1.355E+86
09¢3508 4 9 L} -0.48872 1.005E+04  -1.510E+86
0863600 4 9 6 -9.161% 1.6356+84  -1.228E+06
9963708 4 9 7 0.63338 -2.145E-04  -9.152E-83
0043000

9043900 s 19 1 S.SEPE+04  -7.473E+95
0844008 ] 19 2 S.1S0E+04  -1.883E+95
0064108 s i 3 7.237E+9#3 6.2556+9%
0944200 s 10 4 -4,084E+05 2.359E+0%
9864308 ] 10 s ~4.2760E+05  -0.9946+86
0044400 S 19 ¢ =3.064E+0%  -1.081E+97
9964508 s 19 * -9.12207 ~9.70%E-02  -2.50%-01

8064009
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

SIcATP8 ) DATA FOR MODAL SUBSYSTER 4

Ap: 4082

WRLI9D

P SAAR SUKRSYCTZM & ---WP ROTOR VERT, ---

LR ]

R ER N

BBeTvM  NUMEER OF SUBSYSTEM DIRECTIONS: =

kLl

QL SCI@

PRSP0 SUBSYSTEM DIRECTIONS-

e ST z SLOBAL DIRECTION 1)

THETA-f {CLOBAL DIRECTION 2!

F BIOCRLINATES OF REFERENCE POINT RELATIVE TO CLOBAL SYSTE™ (IN.:
x= &. 982 Y= 8.000 I B. ¥

COORDINARTES OF PUCINTS ON SUBSYSTEM (INCHES:

EOINT LOCAL COGRDINATE SYSTEM CLOBAL COORDINATE ZYITEM
NUMBES ¢ Y z | Y z
AP 9. 900 #.008 ?.08 2.809 o.88¢
18, d2 a.008 8.908 12.000 .99 .8
Ia.efe &.008 3.08d 7. 800 d.000 2. 8bp
2. .M .08 d.0d S0.000 . 88d #.93¢
N 2.000 8. 982 79 .98 ¥.909 @ .23
: LR T ) .00 s. 087 0 .98 .88¢2 2. 88¢
3 I} 1ed.df2 o.000 .. 099 H N [N @. 860
SNUMEER OF SUBSYITEM POINTS: 7
e ALOCAL SENERALIZED MOLE TYPE -2
noOE COORDINATE THEQUENTY PUOTENTIAL Q #:FEXIBLE LoE
NUMEER NUMBER J ENERCY FACTOR 1=RICID BODY LIscE
1 1l 128, 1.8c3E-90 19600, B
Z 12 72, 1.989E+80 109 . N
: 12 53546, l.ISHESPS  199dE. :
3 [ 9241, 1.OZIEBS 19982, -
SMMMEEE TF SUESYSTE® MODESs &
ATHE MCDE SHGFES FOR TWIC SUBEYITEM ARE-
@ MOLRL [ISPLAIEMENTS
A SENERALIZEL GLOBRL DIRECTION
LNGC TOORDINRTE  FCINT 1 s
NUMEER NUMBER NUMBEF 2 THETA-Y
1 1! 9 -1.3dd8e 2.9114% I.99%Eer)
i 1 Kl -9.2€34L @.Pi1e% i BPAE-BL
! 11 18 -9.¢5607 9.011635 1.791Ee@% {34 K
3De vORP 1 1t 11 -9.41397 #.31182 -S.479E 81 -1,870E8:
22¢ 5788 1 il 12 -8.17782 #.9118! 166E+H1 -5 %8E+R.
2278883 1 1! 13 9.958%7 0.91181 Fo R 1.DTERL
Tl t 1! 14 #.17¢8: 9.0113) 2.823€-37 -7.5T6E-e7
Ag79lee
#372299 X s 3 -9.3178¢ @.0134 2.354Ee0 ~2.538E0:
370480 2 1 ° -9.18277 0.01342 §_TETE+! -3. 8 3F @0
RTS8 < 12 18 ¢.98574 9.0:342 4.771E+81 -1 485E-d2
870420 F -z i #.34742 0.0:387 9.747E-89  -Z.03SE-8>
2878782 z 12 12 9.c068:7 0.0130e ~1.337E+80  -i.736EvdZ
979002 z 1 ¥3 13 #.8e93% 6.0138¢ -3 9SGEC0L 8.11ZEsdl
287858 z 1l 14 1.00082 0.0139¢ -1.511E-9¢ §.3BPE+E2
4971088 '
3871198 3 13 g 1.00000 -9.328435 =7.335E+94 7.393E+94
971260 3 13 ° ®.02032 -9.82772 ~1.543E-0S 9.516E+85
#071238¢ 3 12 18 -9.39388 -9.81985 -1.515€+0% A 411 EBE
B7140¢€ 3 13 11 -9.74487 -0.00044 4 _940E 84 8.286E+B6
#07:508 3 12 12 -9.31683 8.01819 1.731E+#5 4.23LE+06
0716 3 13 12 #.59983 §.02470 1.132€+83 Q.418E+85
071708 3 13 14 §.93%64 9.8274) 1.592E-04 &.272E-03
3071000
4 14 [ -1.00000 $.04320 2.231E+85  -3.414E+0S
4 14 9 -9.27952 8.904077 3.340E+85  -3.217k+8¢
4 14 19 9.962%4 [} ~9.397E+84  -B.438E%86
) 14 11 -9.037%2 -5.656E+95 1.117E+83
4 14 1 -9.9643% 1.183E+0%5 8.042E+06
4 14 13 6.25682 Z.722E+85 2.805E+96
4 14 14 9.963% 9.04288 -3.679€-04 9.000E 68

4dVZL00
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

9072799 ) DATA FOR MODAL SUPSYSTEmM 3

9972000

072900 :

0073000 SUBSYSTEN 3 ---NP ROTOR MORIZ.

2973108

9072208

86732060 NUMBER OF SUBSTYSTERN DIRECTIONS. £

873400

9073380

0873508 SU'S'SYE" DIRECTIONS -

2073708 (CLOBAL DIRECTION 3)

73809 T‘Yl I (CLOBAL DIRECTION &)

0873900 SCOORDINATES OF REFERENCE POINT RELATIVE TO CLOBAL SYSTEM (IN.)

974000 1= o.000 Y= 8.000 2= 8.000

874100

0074208

374308 COORDINATES QF POINTS ON SUBSYSTEM (INCHES)

plade  POINT LOCAL COORDINATE SYSTEM CLOBAL (OORLINATE SYSYEM

AS74T6  NMUMBER X Y I X \ 2

ADT4ePD

97170

#374006 8 (4

37408 9 11 4

+47%302 19 »

297318¢ 11 38.
70
°¢
100,

237520 i
2375308 13
075480 14
3679588 MNUNBER OF SUBSTSTEM 20
73608

75789

0075008 MOCAL  CEMERALIZE mOLE TIPE

6073900  NODE COORDIN‘YE FREQUENCY POTENTIAL Q S=FLERIBLE  CENERALIZED
76008 NUMBER NURDER PN ENERCY FACTOR 1=RICID BOLY WEI(NT-LD
#B75198
BT8P
9976500
9876498

h
v

i

$23¢cs.
31111

-

by

13 124, 1.060E+82 10000

. $.515Ee0
16 179. 1.999E+52 10000.

1 @ H

1 Q. E3E-00 9.839E-23
[ 3.790E+82 q

. 3. TAE-SL <

#74500 2.330E-03 i0008
II7LL00 18 9341. 1.022€+86 10000
07,700 ANUMBER OF SUBSYSTEM WODESs 4

074808 PTHE MODE SHAPES FOR THIS SUBSYSTEM ARE-

$874989 (SICNS IN THETA-Z DIRECTION CHANCED TO OBTAIN RICHY WAND COORDINSTE SY3TEM)

L XN SN
-
~
et
¢

9077006 ¢ MODAL DISPLACEMENTS nODAL FIRCE=
9771080 LOCAL  CENERALIZED CLOBA. DIRECTION CLOBAL [IRECTION
o£77208 RODE COORDINATE  POINT 3 4 3 4
9677309 NURBER NURDER NURDER A\ THETA-Z Y THETA-Z
#977408 -
0977586
9077608 1 13 [ 3.900E+d! 1.613E+01
9977769 1 15 9 1.004E+00 4.39ZE+82
977980 1 15 10 1.791€+d2 3.029E+@>
0077906 1 13 11 ~5.475E+81 1.070E+02
0875000 1 15 12 ~2.180E+M 2. ASAE-#2
0070100 1 1% 13 ~2.002E+01 ~1.037E82
2978208 1 13 14 <.023€E -7 7.57¢E-97
9976308
978400 2 ié [ 2.334E+01 3.530€+01
8078380 2 16 9 8.747E+0} 3.413€+82
0976400 2 16 19 4.771E+91 1.465E+83
9079708 Z 16 11 9.747C 08 3.833E-07
2976500 4 16 12 ~1.33YE+92 2.734E+03
0070988 2 e 13 ~Z.939E+82  -0.113+8
079968 2 16 14 -1.311E-0¢ 6.000C+09
07900
0079208 3 17 8 -7.330E+84  -7.393E+04
9979306 3 17 9 =1.543€+03  -9.314E485
9079409 3 17 10 ~1.515E+#3 -4 811698
0979309 3 17 H S.940E+84  -4.2000+04
007900 3 17 12 1.731E+83  -4.331E+P¢
9879789 3 17 13 1.1326+05  -0.410€+05
0879089 3 1?7 14 1.992E-04  -6.272E-83
0079989

4 10 0 2.231E+83 3.414E+9S
[ e idlid 4 19 * 3.340E+95 3.217E+0é
9000200 4 18 10 ~9.397E+84 9.430E+04
8000200 4 19 11 -S.6506+#8  -1.117E+8%5
9060460 4 18 12 1.383€+8%  -0.8426+0¢
5080300 4 19 13 2.7226E+85  -71.009E+B¢
2080404 4 19 14 ..’633‘ ~3.479E-04 0.000k+09
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Table 1. Two-Rotor Model with FBD, Input and Output. {Continued)

2039800 DATA FOR MODAL SUBS/STEM 12
2932989

2201 000

031100 FBD AT PY 7 OF LP ROTOR-SIMULATED TURBINE
SDE 1200

2981300

MIR1400 DTETRA POINT NUMBER FOR THE FBD CENTER OF CRAVITY: 7
QL1588 P1-DIAMETER MODAL WEICMHT WTFx 208.3 POUNDS

Cdc 1608 MUDAL Q-FACTORs 188,

™

0BL /9 STATIC FREQUENCY WFs 43. HERTZ
4981388 MODAL TANCENTIAL SHEAR COEFFICIENT Mue 38.8 LB
3PE1968  MODAL MOMENT (OEFFICIENT SV= 2088.0 IN-iLB
B
B3 189
A95. 298 @ CENERALIZED GENERAL IZEL
4850300 COOKR[:INATE GENERALIZED DARP ING VALLE
= NUNBER WEILKHT-LD (LB-SEC}/IN
19 .00 0] 1.335€vdd
i 2.009€E-0: 1.395E 02
3 MUREER OF SUBSYSTEM ”005“ 2
Ll BETA
1-9s?169 kPR FalYIk
FA3009
¥ e
SO T4d7 . 1.8l
A3E %92 ‘“i?ﬁ. 1.99¢
AIE16BP INUMBER OF ENTRIE: IN THE BETA FACTOR TABLE: o
A3E 370
IeEIaP
288738 STHE FOLLIMWING DATA I: FOR THE LOCAL POINTS ON THE FLEXIEBLE ELADED Dize-
A2 4084
A2g4 18 TANCEKRT JAL AXiAL
IPEALdd LICAL FOLAR TRANSLATION TRANSLATION MOLAL STREST COMFONENT:
884369 FOINT  RaDbIuS ANGLE MODE SHAPE MODE SHAFE z1Cmat SICHaL SitmAz
3568488 NUMKER INCHES DECREES INCHES INCHES P31 LEH FSi
FPEASRF
Joasioe
*PBATIE H N 8.8 8.93889 §.05990 Sededd. 200 . 1686 .
284380 < i .dde [ N ] . 10008 $.35089 8BS . 438 . Séded.
84984 3 id. 003 20.9 5. 18006 §.3509% 306699 . A9802¢ . SéRed .
2065999 L] I%.o0@ 30.6 D.:0800 9.5:083 86889 . 1Pe9d. 15089 .
2085108 - 36.90¢ 45.8 2.70008 1.00099 a. 3. .
APESL P é 8. 000 8.8 4.10000 8.4000¢ 300008 . I8dder . S#evd .
4085300 7 0. 080 <°9.f 8. 7900¢ 1.00000 8. 2. 3.

2085488 INUMBER OF LOCAL POINTS ON THE FBDs= 7

S065500 1TOTAL NUMBER OF SUBSYSTEMS: 9

S00S688 STOTAL NUMBER OF MCDES OR CENERALIZED COORDINATES: (¢
2085708 ISUMMARY OF THE MODES OR CENERALIZEL C(QORDINATES-
8085009

2963989

#06¢00€ CENERALIZED

086100  COORDLINATE GENERAL IZED GENERALIZED GENERAL IZED

084209 NUNBER WEIGHT STIFFNESS DANP INGC VALUE

A96¢ 399

3L

006500 1 8.817E+82 §.006E+00 §.080€ 92

2986408 i . 970E+02 9. 008E+90 6. 000E +b@

6984700 3 1.356E+83 2.017E+8% G.413E+00

2964808 4 3.609E+83 4.219E-92

984980 S 1.696E+83 3.590€+01

3087008 & 8.017E+92 §.000E+0¢

3067108 7 9.970E+82 [4 0.500€+80

9967200 8 1.356€+03 2.017€+03 8.413E+08

8067300 9 3.609E+83 1.904E+06 4.219E+01

86587406 18 1.6965+83 Z.936E+84 3.3985+81

087360 13 4.915€+02 0.080E+00 0.000€+89

9967689 12 4.632E+02 0.000E+09 9.099E+90

seB7700 13 3.792E+02 4,715€+83 8.407E-02

$9067869 14 8.254E+02 Z.844E+04 2.089E-8

0967909 15 8.913€+82 0.000E+086

2068008 16 4.632E+82 §.000E+09

0fe6180 17 S.7928+82 4.715E+05

2966209 10 8.254E+02 z. OOQEOOB

2068308 19 2.000E+82

8866400 20 2.008E+82 3BSE«8d

9966508 3¢ THE GCENERALIZED STIFFNESS FOR THE EBD MODES VARIES WITH TIME AND IS
9908486 CALCULATED AT EACH TINE STEP. .
982789 :
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

0500906 OGSUMMARY OF THE COORDINATES FOR TME PHYSICAL POINTS (NOT INCLUDING
O8G0 THE LOCAL POINTS ON THE FRD(S))-

9989184 SFOINT COORDINATES (INCMES) -CLOBAL SYSTEM
9869296 WUMBER  § Y } 4
8089380

9909404

$909380 ] s.002 0.000 0.089
2069008 2 10.000 5.000 9.000
2309706 3 3 .000 8.000 8.000
2099906 L] 30.008 8.000 8.009
009700 S5 T8.000 0.000 4.008
9008 [ of. 008 8.000 8.009
3994100 7 106.000 8.908 8.000
4099200 ] 0.000 8.008 8.000
090384 9 19.008 0.000 o.000
050426 H J 30.000 0.500 9.890
2990508 11 S§.008 0.500 9.000
2893600 12 9. 000 0.000 s.000
998728 13 90.008 9.080 9.080
2299008 14 100.000 0.000 0.008
270909 31 39.008 o.008 8.009
2091908 3z 9. 000 9.900 9.000
2491108 1 PHYSICAL CONNECTING ELEMENT NUMBER 1
2871200 -

#4291 300

2371438 ELEMENT TYPE: S

2091589

#991L00

9391708 NUMBER OF END POINTS: o

251908

2891998

092608 POINT NUMBER AT I END: 3

$095:100 POINT NUMBER AT .} END+ 12

992200

8052300

#992488 NUWBER OF DIRECTIONS FOR FOINT AT I END: S

2925048

092600

#89:708 DIRECTIONS FOR POINT AT i END-

92000 H iGLOBAL DIRECTION 5)

292900 Y (GLC AL DIRECTION 3

2093000 2 iGLOBaL DIRECTION 1)

0693108 THETA-Y (GCLOBAL DIRECTION I)

2993208 THETA-Z (CLOBAL DIRECTION &)

9993380

W30

9993588 NUMBER OF DIRECTIONS FOR FOINT AT J ENL= S

2093009

80531708

9993809 DIRECTIONS FOR POINT AT J END-

93900 X (GLOBAL DIRECTION )

M08 Y (GLOpAL DIRECTION 3)

894100 b4 (CLOBAL DIRECTICON 1)

0094208 THETA-Y (CLOBAL DIRECTION Z)

9094300 THETA-Z (CLODAL DIRECTIQN 4)

9994400

9094508

0994488 SPRINC CONSTANT IN X DIRECTION:  6.0886+00
0894788 SPRING CONSTANT IN Y DIRECTIOQNs 1.0088+84
8094608 SPRINGC CONSTANT IN 7 DIRECTIONs  1.S860E+04
8094908 SPRINC CONSTANT IN THETA-Y DIRECTION.  §.000E+04
0075000 SPRING CONSTANT IN THETA-Z OIRECTIONs  §.0808+80
0093188 PO-FACTOR: 19.0 FREQUENCY = 93.3 HERTZ

S0Y5488 SDANF INC CONSTANTS (CALCULATFD BASED ON ABOVE G-FACTOR AND FREGUENCY) -
L

09937800 DAWPING COEFFICIEMT IN X DIRECTION=  0.008£+9¢
G038 DAMPING COEFFICIENT IN Y DIRECTION=  1.137E+89
S993908 DAMPINC COEFFICICNT IN Z DIRECTION= |,.137C+88
0996089 DAMPING COEFFICIENT IN THETA-Y DIRECTION=  6.008E+80
#9% 100 DANPING COEFFICIENT IN THETA-2 DIRECTION= §.000E+85
PHYSICAL CONNECTING ELENENT NUNBER 2

-
L]
P
>
~
H
-

0094400

55
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

096386 ELEMENT TYPEs 3

2096608

055708

99946800 NUMBER OF END POINTS: 2
2856900

2897008

A3971808 FOINT NUMBER AT 1 END:= &
#8780 PCOINT NUMBER AT J END:= 13
2497380

2997480

9997500 NUMBER OF DIRECTIONS FOR POINT AT I END: S
097600

3897788

3897208 DliELTlONS FOR POINT AT 1 END-

897983 (CLOBAL DIRECTION S)

Feaa ] Y iCLOBAL DIRECTION 3}

2998129 e (GLOBAL DIRECTION 1)

29386 THETA-Y (GLOBAL DIRECTION 2)

076302 THETR-Z {(GLOBAL DIRECTION 4)

Lol

2298598

2998402 NUMBER OF DIRECTIONS FOR FOINT AT J END= S
Ceadadldd

2298808

B399 bIRECTIONS FOR POINT AT o END-

377809 iCLOBAL DIRECTION S)

4959199 V (GLOBAL DIRECTION 3)

P9l dd iGLODAL DIRECTION 1)

D99 383 THETh Y (CLOBAL DIRECTION )

2895488 THETA-Z (GLOPAL GIRECTION &)

“e77508

79606

099788 SPRING CONSTANT IN X DIRECTION: 9.804E+00

2099608 SPRINC CONSTANT IN Y DIRECTION: S.800E~04

0995688 SPRINC CONSTANT IN Z DIRECTION: S.I8PEP4

2189308 SPRINC CONSTANT IN THETA-Y DIRECTION: §.0d8k 20

ALAPIA@ SPRINGC CONSTANT IN TMETA-Z DIRECTION= 9.000E+pP
‘ B0-FACTOR=  15.9 FREQUENCY = 93.3 HERTZ

SLAMF ING

DARF ING
DAMP INC
DAMP ING
DAMPING
DAMP ING

CONSTANTS (CALCULATED BASED

COEFFICIENT
COEFFICIENT
COEFFICIENT
COEFFICIENT
COEFFICIENY

IN X DIRECTION=
IN Y DIRECTION=
IN Z DIRECTION=:

IN THETA-Y DIRECTION=
IN THETA-2 DIRECTION=

ON ABOVE G-FACTOR AND FREQUEWNCY) -

#.280E+08
5.586E+8d
S.LB6E+SP
0.000E 02
9.088E+93

1 PHYSICAL CONNECTING ELEMENT NUMBER 3

9101606 ELEMENT TYPE: §
0101708

0101600

#191989 NUMBER OF END POINTS: Z

POINT NUMBER AT I END= 10
FOINT NUMBER AT J END= 31

NUMBER OF DIRECTIONS FOR POINT AT 1 ENDe S

DXRECTXONS FOR POINT AT 1 END-
(GLOBAL DIRECTION 3)
V (CLODAL DIRECTION 3)

56

0103208 b4 (GLOBAL DIRECTION 1)
9183308 THETA-Y (GLODAL DIRECTION )
'l'?l.l THETA-Z (GLOBAL DIRECTION &)

(21
0183400
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

105500

2195600 BDANPING COMSTANTS (CALCULATED BASED ON ABOVE Q-FACTOR AND FREQUENCY; -
J10%700

2185089

2105900 DAMPING COEFFICIENT IN X DIRECTION=  0.000E+88
2106000 DAMPING COGFFICIENT IN Y DIRECTION=  5.404E+00
2106108 DANWPING COEFFICIENT IN I DIRECTION=  S5.686E+88
B1062086 DAMPING COEFFICIENT IN THETA-Y DIRECTION: 6.000E«0d
2196308 DAWPING COEFFICIENYT IN THETA~Z DIRECTION® 5.000E+08
3106400 PHYSICAL CONNECTING ELEMENT MUMDER 4
2196300

01064600

J166788 ELEMENT TYPE: 5

0196808

$196989

21878080 NUMBER OF END POINTSs 2

17100

107208

2197388 POINT NUMBER AY I END= 12

$197408 PCOINT NUMBER AT . ENDs 3:

-

4107508

0107500

#187788 NUMBER OF DIRECTIONS FOR FOINT AT I END= S
107800 '
3107988

2108090 DIRECT!ONS FOR POINT AT i END-

2198108 {GLOBAL DIRECTION S)

2106200 V (CLOBAL DIRECTION 3)

1108388 Z (GLOBAL DIRECTION 1)

8108400 THETA-Y (GLODAL DIRECTION 2)

2108509 THETA-Z (GLOBAL DIRECTION &)

2106680

2100768

9100089 NUMBER OF DIRECTIONS FOR POINT AT J ENDs 5
8198900

0189900

nmscnous FOR POINT AT . END-
(CLOBAL DIRECTION S)

v (GLOBAL DIRECTION 3)

z (CLOBAL DIRECTION 1)
THETA-Y (CLOBAL DIRECTION 2)
THETA-Z (CLODAL DIRECTION &)

SPRING CONSTANT IN X DIRECTION=  0.080E+80
SPRINC CONSTANT IN Y DIRECTION:  S.888E+04
SPRING CONSTANT IN 2 DIRECTION:  3.808E+84
SPRINC CONSTANT IN THETA-Y DIRECTICN:  0.008E~0¢
SPRING CONSTANT IN THETA-I DIRECTION=  0.000E+08
80-FACTCRs 13.0 FREQUEN(C Y= 93.3 HWERYZ

L
8110008

05535200 DANPING COEFFICIENT IN Z DIRECTION®  S.480E+09
0111308 DANPING COEFFICIENT IN THETA-Y DIRECTION=  §.080E+80
9111400 DAMPING COEFFICIENT IN THETA-Z DIRECTION= 0.000E+00
0111500 INUMBDER OF TYPE | PHYSICAL COMMECTING ELEMENTSe
0111600 GNUMBER OF TYPE 2 PHYSICAL CONNECTING ELEMENTS
8111708 SNUMBER OF TYPE 3 PHYSICAL CONNECTING ELEMENTSe
9111600 SNUMBER OF TYPE & PHYSICAL CONMECTING ELEMENTSe
0111990 ONUNBER OF TYPE S PHYSICAL CONMECTING ELEMENTSe
G112000 STOTAL NUMDER OF PHYSICAL CONNECTING ELEMENTSs &

6112100 STHIS RUN IS NOT A RESTART RUN.

€.12208 #TIME STEP= 0.000150 SECONDS
23112386 FINAL TINE= §.450808 SECONDS
£i1240C BRINT MULTIPLEs l”l

9.1.%. PLOT MULTIPLE.

D‘.I'EAF.: SINDEPENDENT ROTOR NW'E! (ONE FOR WHICH SPEED-TIME HISTORY IS INPUT)= )
218

il ®
&) .2¢09 DBECINNING TINE FOR FIRST SECMENT=  0.08868 SECONDS

L1208 % MECINNING SPEED FOR FIRST SECMENTs 2000. APM
215408

3.13200

315098 ENDING ACCEL
“113388 TINE RATE

3113388 SECMERT  SE.ONDS RPN/SEC

4113499
4113700
2113000 1 1 .000609 9.
$113909 2 4. 000000 308,
c114008 8707AL M.‘l OF SPEED SECMENTS FOR INDEPENDENT ROTOR SPEED-TIME
114106 MHISTORY=
@1, z08 ODEPENDENT ”70’ NUNDER= 2

El 1 1 1 ]

2114300

[AREIY /]

2114588 THE SPEED POLYNOMIAL COEFFICIENTS FOR THE DEPENDENT ROTOR ARE-
114608 A 0.080 B 0.000 Cs 4.2% 0o -0.570E+04
@114::: SSURMARY OF UNBALANCE LOAD INPUT-

114

$114900
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

A 1580d BIRTH PGINT MAGNITUDE PHASE ANGLE
S11%1ee TIME (SEC.) NUMBEK Ccm-IN OEGREES
£i.%0ed

4 Tied

¢i15422 9.0000% 8 108. 0.0

41159538 STOTAL NUMBER OF UNBALANCE BIRTH EVENTSe 1
4119600 STOTAL NUMBER OF PeCOS(WT) AND PaSIN(NT) LOADS: @
211978¢ JTOTAL NUMBER OF TIME-FORCE HISTORY LOADSs #

:izagal @SUMMARY OF THE GYROSCOPIC LOAD INPUT- One Time Output Shown
A114389
P115109 POLARK MOMENT at Speed Range,IMass
S11ele@ POINT OF INERTIA ,
il NUMBER b Ihees Matrix and its Inverse
134285
134205,

NUMEER OF CYRC LOAD LOCATIONS: 2

1THE FOLLOWING ROTOR SUESYSTEMS INCLUDE THE POINT(S) FOR THE C.C.(5) OF THE FED:.3) -
SUBSYSTEM 1
: SUESYSTEMN [
¢# dTHE FEDIS) ARE LOCATED ON ROTOR .
wp BTHE FOLl UUXN( CUBCYST’HK ARE FOK THE FBDi(S)-
(e

& 7 v 1319 @

AT TR NUHBEF ﬁF uENERQLI'ED COORDGINATES FOR THE ROTOR WHICH INCLUDES THE FBD{3: AND
SlR THE FEDi%i= 12

LTHE MATI MATRIN IS AS FOLLOWS -

LS . ZBE B¢ ?.90E+d8 f.89Evdp @.00E+39 0.00E+02 ?.20E+82 2. 90€+Ie LRV K
B.20E~-P2 7.56E-82 S.83E-82
e ARIW - ¢.98E+d0 2.58E+M0 3.00E+80 @.83E+00 #.02E+30 0.00Evd [T 3 ».grEery
&.PPE+20 4.78E-92 1.29€-81
ROW I B.98E+09 2.09E+08 I.S1E+08 2.00E-20 0.90E~20 9.92E+2¢ @.8IE+@D LoadEe S
d.PPE+22 1.78E-81 7.35E-82
¢ SROW  d- D.0PE+29 ?.09E+82 8.90E-00 9.34E408 9.09E-80 #.00c o9 &.B0E-ID ¢ deE-utd
3 0.A0E~20 1.87E-21 6. 91E-02
¢ AR0W 5- @ _09E+R@ 2.80E+00 3.00E+p0 @.90E+2¢ 4.59E+8¢ 9.30E+0¢ B.BHE~0D 9. IPE -3
3 3. PRE+2¢ 4.32E-91 -4,22E-92
AROW - Q.00E+p2 2.02E+00 d.90E+00 @.3E+8¢ 9. 00E-0e l.lHEv@R 2. 23E -3 i 4PE -viw
3. QUE~0R -$.83E-d2 7.56E-02
¢ AROW 7~ D.IPE @D 8. 00E+00 9.00E+0¢ 9.986E00 9.99E+0% @.30E+2¢ i.52E+B0 B il
dlidedd @ PRE+£D -1.29E-81 4.76E-02
Bi17708 #ROW 8- @.90E+00 @.00E+93 8.00E+-00 2.80E+PP 9.6PE~-20 3.00E+D 2.99c+00 3.CiEede
119408 #.90E+09 -7.3%E-82 1.78E-81
#11999@ AROW 9~ §.00E-d8 8.98E+20 8.00E+83 8.80E+02 0.90E~38 $.2PE+09 2.88E+90 3.0dc-80
d1220808 D .SPE+00 -4.91E-8#3 1.87E-01
d122188 IROW 18- ?.00E~80 0.90E+09 §.00E+08 9.00E+80 §.80E+00 #.90E+0¢ 0.09E+90 @ . éPE-o¢
d120200 4.39E+09 4, Z2E-02
4120209 PROW 11- 7.38E-02 4.78E-02 1.87E-91 6,326-01 -5.83E-80 ~1.596-81 -7.258-@.
4120490 4.226-02 S.13E-#1 [ 1]
3120509 BROW 12- 4.83E LH 1.29¢€-91 7 3SE-82 &.91E-93 -4.Z2E-d2 7.56E-8C 4.78E-82 1.70E-@!
dloded® ZE-M 2.00E+08 3.18E-#1
4120794 LTHE !NVERSE OF THE MASS MATRIX IS AS FOLLOWS-
31209 SROW 1- 4.43E-91 4, 69E-03 S$.29€-03 9.99E-94 1.12E-84 2.00E+92 ~Z.94E-93 1.324E-92C
$129988 9.89E-93 -0.Z0E-#Z -6.32E-82
H121008 JROW Z- 4.69E-83 3.95E-#1 4.8ZE-02 &6.19E-04 S.40E-83 1.94E-03 8.99E+0¢ T.A4E-9:
121180 1.83E-02 -4,.38E-62 -1.24E-01
#121204 4ROW 3~ $.39C-03 4,826-03 Z,92€-81 1.M1E-83 1.676-02 -1.24E-33 -5.94E-95 & .9IE+i3
#121308 €.L1E-83 -1.20E-81 -S.18E-82
2151400 SROM  A- 9.90E-84 6. 19E-P4 1.41E-83 . .07E-8) 4.09E-83 -4.68E-94 ~1.39E-92 -5.87E-94
#121980 S.37E-84 -2.85E-82 -1.83E-83
@i121680 JRON S- 1.126-02 S.40E-02 1.67€-82 4.08E-03 i.79E-81 -9.69E-03 -1.83E-02 ~8.01E-03
L1780 1.26E-17 -3.96E-81 2 38E-92 .
4121600 PROW &- O.00E+0P Z.94E- IJ -1.34E-03  -6.66E-04 ~9.99E-03 4.43E-01 4.69E-93 S.L9E-03
121900 1.12E-92 b.32€ ~8.20€-82
OROW 7- -2.94E-83 6.00E+00 -S.04E-03  -1.39E-83 ~1.83k-02 4.69E-93 3.9%€-1 4.82E-03
T.APE-03 1.24€-01 -4,58E-92
B!ZZZI' SRON  ©- 1.34E-03 S.04E-83 0.00E+00 -S.P7E-M4 ~8.61E-83 5.29%-83 4,.82E-03 Z.92E-8)
2122300 1.67E-02 S.18€E-02 -1.20E-01
2122488 SROW 9~ 6.66E-84 1.39€-03 S.87E-04 8.00E+00 ~5.37E-84 9.90E-04 6. 19E-84 1.41E-85
A12258 4.06E-03 1.83-83 -2.89k-02
PLLZ600 BROW 18- 9.89€-83 1.83€-02 8.61E-83 3.37e-04 §.0E-08 1.12E-02 S.40E-82 1.67E-92
H122700 2.79€E-8) -2.38E-82 -3.36E-81
0122800 oROw 11- -8.20E-02 -4.38€-02 -1.20E-01 -2.05€-02 ~3.54E-01 6.326-02 1.24E-81 S.18E-85
A1z2982 -2,36E-82 Z2.46E+0p ~3.40E-14
ILZ3PGE (F W JI- -6.326-02 -1.24E-0] -5.16E-02 -1.83E-03 2.36E-92 -8.20E-92 -4.58E-80 ~1.20E-81
A122189 -3.36E-01 -3.40E-16 2.40E+80

¢1232P€ . "-it RUN PRODUCES A PLOT FILE (FILE CODE 23).

#12330@ -TIMEZ, ROTOR SPEEDS: AND ROTOR ANGULAR DISPLACEMENTS

1123400 ANY)} ARE WRITTEN ONTO THE PLOT FILE.

B1I3508 FLACEMENTS, VELOCITIES, MODAL FORCES AND COORDINATES ARE WRITTEN
12240¢ 7 THE PLOT FILE FOR THE FOLLOWING POINTS AND DIRECTIONS-
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

2123799

$123889

2123900 CLOBAL

9124000 POINY DIRECTION

F1Z4100 NUMBEK NUMBER DIRECTION
124200

S124300

6124400 i 1 1
8124508 2 1 z
2124609 3 1 4
d134789 4 1 z
B124E00 4 3 Y
2124988 S 1 2
315089 & 1 4
2125100 7, H Z
2125209 8 1 z
8129309 9 1 2
215488 18 1 2
2123000 11 1 4
F1IS609 11 3 Y
S12.5709 12 1 Z
@1z5000 3 l I
F12592¢ 14 2

*§26@08 ITOTAL NUMBER OF PD!NTS ANL: DIRECTIONS FOR DISPLAUEMENTy VELOCTITY

312é108 ™MODAL FORCE, AND COORDINATE PLOT FILE OUTFUT: 3¢

2126200 OTHE RELATIVE DISPLACEMENT MAGNITUDEs CLEARANCE:» AND FORCE MACNITUDE
2126388 1S WRITTEN YO THE PLOT FILE FOR ALL TYPE 3 PHYSICAL CONNECTINC

2126499 ELEMENTS (RUB ELEMENTS) (IF ANY).

B126508 SFHYSICAL CONNECTING ELEMENT FORCES ARE WRITTEN ONTO THE PLOT FILE FOR THE
3116688 FOLLOWING PHYSICAL CONNECTING ELEMENTS: POINTS, ANL DIRECTIONS-

£120708 QELEMENT  POINT DIRECTION
#126808  NUMBER NUMBER NUMBER DIRECTION
BIZOVED
2127008
3127108 1 3 1 z
2127208 1 z 3 Y
#127300 z 6 ' z
0127400 3 10 1 z
2127508 3 19 3 Y
#127600 ' 13 1 2
3127708 BTOTAL NUMBER OF ELEMENTS, POINTS, AND DIRECTIONS FOR ELEMENT FCRCE PLOT
7127800 FILE OUTPUTs ¢
3127988 1SUNNARY OF THE CONNECTIONS BETWEEN THE PHYSICAL CONNECTING ELEMENT:
AND THE MOLAL SUBSYSTEMS-
ELEMENT | IS CONNECTED TO SUBSYCTEM 1 AT POINT 3
ELEMENT 1 IS CONNECYEW TO SUBSYSTEM 2 AT POINT 3
ELEMENT | IS CONNECTED TO SUBSYSTEM 4 AT POINT 12
ELEWENT | IS CONNECTED TO SUBSYSTEM S AT POINT 18
ELEMENT 7 IS CONMECTED T SUBSYSTEM 1 AT POINT &
ELEMENT Z IS CONNECTED TO SUBSYSTEM 2 AT POINT &
ELEMENT z IS CONNECTED VO SUBSYSTEM 4 AY POINT 13
ELEMENT Z 1S COMNECTED TO SUBSYSTEM 5 AT POINT 13
ELEWENT 3 15 CONNECTED TG SURSYSTENM 4 AT POINT 19
ELEMENT 3 IS CONNECTED TO SUBSYSTEM S AT POINT 18
ELEMENT 4 IS CONNECTED TO SUBSYSTEM 4 AT POINT i3

ELEMENT 4 15 CONNECTED TO SUBSYSTEM S AT POINT 33
GSUMMARY OF THE CYRO LOAD LOCATIONS ON THE MODAL SUBSYSTEMS-

FOINT 1 OF SUBSYSTEM 1 1§ A GYRO LOAD LOCATION

POINT 1 OF SUBSYSTEM 2 1S A CYRO LOAD LOCATION

POINY 7 OF SUBSYSTEM | 18 A CYRO LOAD LOCATION

#130188 FPOINT 7 OF SUBSYSBTEM 2 1S A GYRO LOAD LOCATION
IME=  #.0080008 SECONDS
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued)

41idds 1 Response at 0.0 Sec
#139300 ASPEED SEGMENT NUMBER:
#130400 BROTOR PROPERTIES FOR INDEPENDENT ROTOR (RUTOR 1)-

#130500
@130600
3138790 SPEED= Z4d8. RPN
@13@88¢ ACCELERATION= @. RPM/SEC
#1308990 ANGULAR DISPLACEMENT= @.00080998 REVOLUTIONS
©131802
Ari19ea
@132088 ¢ DISPLRCEHENTS IN CIVEN DIKECTION
W12:198 FOINT X \ ETA-X THETA-Y THE -2
#13A2208 NUMBER INCHES INCHES ltﬁES RADMNS RADIANS RAD AN
“132306
2132409
8132509 i .00000000 0 SO000800  2.00000900  0.90080d9¢  D.dDEBOIVY
z‘l 32ed0 2 8. 0.00030008  9.00000000 A .08900002
3 0.0890000¢9 l l'l‘“‘ 8.9006390 2.8900898 d. 0008602 #
4 [ B [ B 9.00000000 9.0000030¢ S.P0PNNE k. Oﬂﬂﬁﬂﬂ Sl
S LB 9. 0.r08 # [ B @ 9.00000008 D.GOPBVOIR
s é. [ B 0.00000090 B .230PIIRD  #.PPIVERHD
7 S.00000000  0.00000009 [ .0e0p3000 8.090M308¢
g .00 9. d.80880008  A.J2032p00
k4 o.0080000 0. . £.308080¢0 B .BPed0pd.
18 [ B 8. [ B 3¢ 0.00020008 9.00:0000)
11 (B [ D ¢ b.00 9.00800008  2.00000000  3.90002900
12 [ B @ 8. D.00000000 £.00200002  §.32200000 2. 2026003
1% P.00000000 D2.00000008 D.00000000  0.PP200022  B.2209030¢ 4. 02A0IQIY
1) D.OF0LR002 0. 0P0I0ROC  A.00020000 .0F000800 @.00RPRRE D, ARLIIRE
E3) D.00000000  .00000000  3.00000000  b.30000900  §.00020307 @, d@vrdddy
M LT LA Z D.00000000  O.00000000 B.00000000  B.00093000  ©.000208008  §.0030883¢
S134108 3 VELOCITIES IN CIVEN DIRECTION
B134208 FPOINT X A 4 THETA-X THETA-Y THEYA-T
@134368 NUMBER IN/EEC IN/SEL IN/SEC RAL/SEC AAD/SEC RRDSEC
4134408
4134538
Al34600 ! . 0ddone 0.000000 @. B
di134709 Z 0.000080 0.000800 9.928009
d134800 3 8.90000¢ 8.000000 0.00896¢
8134908 4 8. 000009 @. 000800 #.00800¢
¢135008 S 2.080007 9. 8.0d8000
¢135188 3 8.000000 0. @.90002¢
2135288 7 ». [ 4 8.800222
2135209 [ [ 8. 0.90080¢
8135409 9 [ ] [ B 3.80000¢
2133508 18 2. ?.90e8d¢
9135400 11 o 0.980000
0135708 12 .. 9.
2135609 13 9. []
9135980 14 [ Y e ” [ B [ ]
9136000 31 5.000000 l.“llll s, [
B136108 32 0. [ B l [ s. [4




Table 1.

$3403108
SRR T
AL A@ZIE
FACT LT
d149508
3140490
2149700

&9

8141089
e141980

ORIZIMAL I IS

-

OF PCOH QUaiLiTY

FORCES CONTRIBUTED BY THE SUBSYSTEM MODE SHAPES
nPOINTS ON PYLON AND POINTS NOT ON MOOAL SUBSYSTEMS EXCLUDED)
POINT X 1 THETA-X THETA-Y THETA-Z
NUMBEK POUNDS POUNDS POUNDS IN-LB IN-LB IN-LP

é.99@
é.8dv
0.88r
0.000
#.80¢

PR R I SET I R T FPoN

0.009 o.000 .
ATRE FOLLOWING lQ FOR THE LOCAL POINTS ON FBD NUMBER 1-

LT AL TANGENTIAL AX AL STRESS  STRESS  STRES:
EOINT ANGLE PSI DISPLACEMENT  LISPLACEMENT SIGMAL SICMAL  SICMA:
NUMEEFR DECKREES U INCHES vV INCHES PSl PSi [

i 4.2 9. o8 d. oo 3. 9. 2.
< 8.9 A.OMPMIONE ?.00002000 (B 9. a.
K 39.9 ED ll'ﬂl”ﬂ 6. 00000008 (B [ B é.
4 3.8 3.0 Ll #.00800008 a. [ B 2.
% 4S8 2.00000000 D.i'”l.” 2. 2. [
& °4.2 &.06 " 9. 9. 2.
b 50.8 8. [

@ Lidd é.
ATHE FORCES THAT THE TYFE T PHYSICAL CCINNE(‘T]NG ELEMENTS (UNCOUPLED POINT
-PF« NO-DAMFER ELEMENTZ) EXERT ON THE ENGINE COMPONENTS OR CROUND ARE-
FURCE IN GIVEN DIRECTION

Two-Rotor Model with FBD, Input and Output. (Continued)

ELEHENT POINT X | b4 T=ETA~(
NUMEEK END NUMBER FOUNDS POUNDS PUUNDE IN-LB
1 1 3 s.000 é.009 9.000 3. 30
1 J 10 8.080 9.902
K 1 & s.000 §.0ea
< J 13 [ 4 8.9
3 1 i® e.009
2 J 31 0. 989
4 1 13 2,008
4 J 32 9.000 .00
@THE CYROSCOPIC FORCES ACTINC ON THE ROTOR(S) ARE-
’ POLAR MOMENT Y-AKIS I-AX1S
POINT ROTOR OF INERTIA MORENT MOMENT
NUMBER  NUMBER LB-IN##2 IN-LB IN-LP
1 i 184205, 8.008 §.000
7 1 184205, 8.000 0.0090
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Table 1. Tw~-Ritor Model with FBD, Input and Output. (Continued)

*i4.999 ASUMMARY OF UNBALANCE FORCES-
$142108
H140290

EIRTH PHASE ’
TIME  POINT ROTOR MAGNITUDE ANGLE FORCE (LD.) FORCE (LB.®
SECONDS  NUMBER NUMBER G- IN DECREES Y-DIRECTION Z-DIRECTION

: ¢, Pep0tH 8 2 109, .0 o.000 8.00¢
CiAlves A CENERALIZED
CENERALIZED FORCE DUE
COORDINATE T0 APPLIED
NLIMEER FORCES ONLY
: g.080
s 809
3 9.900
4 @.000
S T.000
L) A og
7 ]
& 0. 994
¥ 2.980
19 9.8d0
15 .08
1z a.900
13 b.o00
14 4.9080
% .00
e ?.000
17 a.000
1¢ 2.000
19 é.08¢
R N 8.080
i 4590 SFLEXIBLE BLADED DK ROTOR SPEED= 2498. RPM
4145682 FLEXIBLE BLADED DISK NUMBER 1} BETA FACTOR: 1,000
©145788 ACENERALIZED CENERALIZED CENERALIZEDL  CENERALIZELD
H145E0@  COORDINATE GENERALIZED  GENERALIZEDL GENERALIZED WE IGHT STIFFNESS  LAMFING VAL JE
#145900 NUMBER DISPLACEMENT VELOCITY FORCE POUNDS LB/IN (LB-SEI - IN
3146900
¢l4616¢
P144202 1 0.0080 .0 ¢ $.008 Q.BLTE+IL 9.000E+99 #.023E+98 By
2146300 g 9. 8.60000 0.090 9.978Ev82 fA.900E+02 0.200E~P2
3134400 H [ B 0.200 1.356E+#3 2.017E+0% 6.413E00
A1aeteR 4 0.00000009 §.000  3.L09E~93 1.90¢EPe 4. Z17E+@1
144627 S 8.00000000 §.900 1.6946E+03 2.93¢EPE 3.590E+81
#1186 7w 3 ae 8.0 ©.017E+82 OE +0P #.09bE+30
“18¢ 200 7 M 9.970E+02 8. 000€+00 #.000E~D2
dlécyes & §.354E+#3 Z.017E+9% B.413E+00
2147008 v 3.609E+83 1.986E+80 4.239E+91
A147108 18 1.696E+83 2.936E0¢ 3.590E+01
0147208 11 0.000 A, 913E+82 9.000E+08 0.080E+-00
@147308 12 B.008 A, 032E+82 0.000E+0¢ 0.000E+00
2147480 13 8.000 5.792E+82 4. 713E+0% 8.487€-82
2147500 14 M 8.254E+82 2.004E+94 2.089E-8}
0147609 15 4.9156+02 0.000E+9) 0.0002E00
16 4,632E+82 0.000E+30 ’
17 S.792E 02 4.713E+8%
1] 9.284E+8C 2.944E+00 2.889€-01
19 2.000E+82 3.78eF+04 1.38%E+rH
S148100 P4 2.000E+82 3.7088+04 1.38%¢ 08

8. * 9
TIMEs  9.17 #9000 SECONDS
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Table 1. Two-Rotor Model with FBD, Input and Oucput (Continued)

P140200 1
3148308 OSPEED SECMENT NUMBERs 1™
148400 SROTOR PROPERTIES FOR IMDEPENDENT RGTOR (ROTOR 1)-

8140568

81484606

$146790 SPEED: i400. RPN

148000 ACCELERATIONS #. RPW/SEC

148968 ANCULAR DISPLACEMENTs 4.00000000 REVOLUTIONS

31499090

14522

3149200 SROTOR PROPERTIES FOR DEPEMDENT ROTOR (ROTOR 2)-

A147399

2149388

149580 SPEEDs 4425. RPN

3143600 ACCLLERATION= §. RPN/SEC

#143706 ANGULAR DISPLACEMENT= 11.06250008 REVOLUTIONS

3149989

A12590¢

ViSedeE @ DISPLACEMENTS IN CIVEN DIRECTION

é11 "8 POINT X \ b4 THETA-X THETA-Y TRETA-Z

S1Se208 NUMBER INCHES INCHES INCHES RAD!ANS RADIANS RIADIANE

3139508

2150490 R

159388 i P.00009389  0.908:4331 4.00000000 9.390097:5

$158ed8 - 3. MEIN0 9.00822216 5.00800008 8. 3908¢¢%1

¢TI 3 [N ] §.00017644 0.00000800 0.0008ec7¢

#1TIEPS 4 9. 00300000 8.0031389. 0.0000008¢ -0.0006ricd
3 9.0808000¢ 3.00008703 0.000002800 -d.dP#PR:EC
3 0.09000992  3.00004208 0.00000080 -9.00080373
¥ 9.000006000 B .8O0P21465 0.00000007 -0.0009¢%00
8 [ ] 5.00000008 -7 .0000.956 -3, 98082750
3 . $ddeR 0. 30000000 PPPAL9ZL -d . FodRPCES
1@ 3. 90800 S.00000000 -9.09808169¢ -9.080000:_
11 8. 30080008 -0.0003.248 0.00037006 0.00000000 - .00 139C -d . P#A113¢
12 2. 0030080 £ . 00081866 5.08015588 O.00000000 -0.8F081:3% -2, .0009.i243¢
13 8. 38990304 ¢. 00027556 -8.0081153; 0.000C0008 -J.D00%i237 -3.200810!¢
14 0.00000000 2.858230813 -9.000:4331 .00000088 -8.0002:59C P MPIR1 A1
21 . 00000000 2.00000000 0.000 [ B [ B '8 §.00dedR2
a D.00000000 C.00000000 0.50000000 5.00000000 0. 0000  9.03000007

VEINCITIES IN CIVE: DIRECTION
POINT X Y 2 THETA-X THETA-Y THETA-Z
NUMBER IN/SEC IN/SEC IN/SEC RAD/SEC RAL/SEC RAD/SEL

1 0.000006 #.06883%9 9.9:1180 0.930080 9.000:3c
2 7.500000 -8.999604 8.819618 8.080000 0.8000384
3 5.005008 -0.042427 #.815766 5.080809 ~8. 080316
4 7. 000000 #303352 9.089724 0.000889 ~8.0800777
3 D.000004 -9.8114811 8.883483 0.500089 -8.88122¢%
[ 9.000000 9.022152 ~0.004932 8.000000
7 9.000009 #.939083 -8.618283 0.000000
] 0.600000 9.983874 -0.259662 0.900080
9 0.000888 9.038147 -5.252994 0.500000
18 5.00000¢8 -9.242791 0.000004
11 8.00008¢0 -8.149344 6.000804
12 0.000808 8.60754) 0.000000
i3 0.060000 $.118733 0.000080
14 2.000008 #.833955 9.166732 6.000000
3 0.000800 s 006600 0. 000000 9.000000

8154108 32 0.000000 6.000000 .000000 0.080000
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P INT
NUMBESR

R YA

?

LUCAL
POINY
NUMKER

L RYE

-

Two~-Rotor Model with FBD, Input and Output. (Continued)

d.
THE FOLLIWING IS FOR THE

ORIGINAL PAGE IS
OF POOR QUALITY

FORCES CONTRIBUTED BY THE SUBSYSTUM MOlc SMAPES
(PO!NTS ON PYLON MD POINTS NOT ON MODAL “JUBSYSTEMS EXCLUDED)

X THETA-X THETA-Y HETA-T
FOUNDS PMDS POWDS IN-LD IN-LE IN-LP
9.908 -9.433 11.820 0.000 -58.428 17.3%52
[N, -0.448 11.003 0.000 -177.46% 13.13¢
.00 -9.403 19.3%2 0.000 -488.94¢ 4.526
#.00¢ .338 ~13.209 2.000 -396.4687 -1.747
7.389 4.519 -13.892 0.060 -323.289 9.801%
.28 #.445 -13.434 a.008 ~847.352 18.44%
.48 §.008 0.008 0.088 0.096 o._08¢
4.9 -22.199 -23.12? 8.000 31.43¢ -i¥.934
3. 808 -38.243 -39.202 0.000 322.408% -389.9l0
9.888 -18.338 -9.09% 0.000 1043.2%) -1820.19¢
.09 41.345 44,640 0.000 633.734
2,086 11.97% 16.804 o.000 -119.134
@, edd -4.997 -7.409 2.500 ~119.3548
(1.0 2.000 o.08 6.000 e.000
LOCAL PCINTS ON FBD NUMBER 1-
TANGENTIAL ALIAL STRESS  STRESS  STRESS
ANCLE PST DISPLACEMENT  DISPLACEMENT  SIGMA; SICMAL  SICMAZ
DELREES U INCHES V INCHES PSSl PS1 PSI
3éd.@ 2. 8000008¢ 7.000001087 11. 4. z.
60,2 d. 0000814 0.0008074% &, 9. 1.
8.8 0. 60098062¢ 0.00002193 19. 2s. 3.
0.8 2.908212%3 .09083305 13. 6. 1.
45.9 6. P0R0545¢ 0.90807752 8. . s.
3.9 8.00000588. 8.000835:9 268, 35. 4.
“d.8 6.00006:77 #.900800:4 [ 8

3 GTHE FuR(E’ THAT T

s L]
vi1%5308 ELEMENT POINT
GITEIPR  NUMBER END NUNBER
d15uiNe
2158396
» 130408 : 1 3
¢156%500 1 J .9
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Definitions

NP = Number of (global point, global direction) pairs for which data is
written to the plot file

NL1 = Number of local points on flexible bladed disk Number 1 for which
data is written to the plot file

NL2 = Number of local points on flexible bladed disk Number 2 for which
data is written to the plot file

NRE = Number of Type 3 physical connecting elements (rub elements) for
which data is written to the plot file

NEL = Number of (element number, global point number, global direction
number) triads for which data is written to the plot file

NUMT = Number of time steps for which data is written to the plot file

IPLOT; = Global point number for the i-th (global point, global direction)
pair for which data is written to the plot file

IDPLOT; = Global direction number for the i-th (global point, global direction

pair for which data is written to the plot file

XPT; ,YPT; ,ZPT; - x, y, and z coordinates (global system) respectively for the
i i i y g
i~th (global point, global direction) pair for which data is written
to the plot file

LFBDl; = Local point number on flexible bladed disk Number 1 for the i-~th
local point for which data is written to the plot file

RFBDi; = Radius r (inches) on flexible bladed disk Number 1 for the i-th
local point for which data is written to the plot file

AFBDl; = Angle £ (degrees) on flexible bladed disk Number 1 for the i-th
local point for which data is written to the plot file

LFBD2; = Local point number on flexible bladed disk Number 2 for the i-th
local point for which data is written to the plot file

RFBD2; = Radius r (inches) c¢n flexible bladed disk Number 2 for the i-th
local point for which data is written to the plot file

AFBD2; = Angle f (degrees) on flexible bladed disk Number 2 for the i-th
local point for which data is written to the plot file

ILEM3; = Elewment unumber for the i-th Type 3 physical connecting element {rub

e! nt) for which data is written to the plot file
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ILEM;

IPT;

IDIR;

TIME

SPEEDI
SPEEDD
THETAI
THETAD

Pl

Ql

P2

FMOD;

PSI1;

UDISPL;

VDISP1;

S1F3D1;

S2FBDL;

68

Element number for the i-th physical connecting element or gyro
element for which data is written to the plot file

Global point number for the i-th physical connecting element or
gyro element for which data is written to the plot file

Global direction number for the i-th physical connecting element
or gyro element for which data is written to the plot file

Time (seconds)

Independent rotor speed (rpm)

Dependent rotor speed (rpm)

Independent rotor angular displacement (revolutions)
Dependent rotor angular displacement (revolutions)
Generalized displacement p for flexible bladed disk Number 1
Generalized displacement q for flexible bladed disk Numberl
Generalized displacement p for flexible bladed disk Number 2
Generalized displacement q for flexible bladed disk Number 2

Displacement (inches or radians) for the i-th (global point,
global direction) pair

Velocity (inches/second or radians/second) for the i-th (global
point, global direction) pair

Modal force (ib or in-1b) for the i-tn (global point, global
direction) pair

Angle v (degrees) for the i-th local point on flexi. bladed
disk Number 1

Displacement u (inches) for the i-th local point on flexible bladed
disk Number 1

Displacement v (inches) for the i-th local point on flexible bladed
disk Numi er 1

0] stress (psi) for the i-th local point on flexible bladed disk
Number 1

o2 stress (psi) for the i-th local point on flexible bladed disk
Number 1



S3FBD1;

PS12;

UDISP2;

VDISP2;

S1FBD2;

S2FBD2;

S3FBD2;

DMAG;

CLEAR;

FMAG;

FELEM;

03 stress (psi) for the i-th local point on flexible bladed disk
Number 1

Angle ¢ (degrees) for the i-th local point on fiexible bladed disk
Number 1

Displacement u (inches) for the i-th local point on flexible bladed
disk Number 2

Displacement v (inches) for the i~-th local point on flexible bladed
disk Number 2

o] stress (psi) for the i-th local point on flexible bladed disk
Number 2

o2 stress (psi) for the i-th local point on flexible bladed disk
Number 2

g3 stress (psi) for the i-th local point on flexible bladed disk
Number 2

Relative displacement magnitude (inches) for the i-th Type 3 physi-
cal connecting element (rub element)

Clearance (inches) for the i~th Type 3 physical connecting element
(rub element)

Force magnitude (pounds) for the i-th Type 3 physical connecting
element (rub element)

Force (lb or in-1b) for the i-th (element number, global point
number, global direction number) triad
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FBD Center of Gravity Mode Shape Definitions

¢yi = Vertical plane translation mode shape ith mode
o;i = Vertical plane slope mode shape ith mode
¢pi = Horizontal plane translation mode shape ith mode

épi = Horizontal plane slope mode shape ith mode
()1 refers to FBD Number 1

(18]

( )7 refers to FBD Number

If the FBD(s) are attached to Rotor 1l:

(°vi)1 = S1(i, Ly 1) ; (°vi)1 = 81 (i, L, 2)
Cogg), = 520G, 2y 1 5 (’ﬁi)1 =52 (i, 8, 2)
Cop), = 810G, 1y 4 1) 5 (¢;i>2 =51 (i, t,, 2)
(cpm)2 = §2(i, Loy 1) ; (¢;li)2 =82 (i, Lop? 2)
If the FBD(s) are attached to Rotor 2:

(o), =S40, 1y, 5 1) 5 (ayg) =86 Gy D)
Coggd) = S50, 21 4 1) 5 Qo) =85 (G, ngy, 2
Coy9), = 86(is 2y, 5 1) (&vi)2 =84 (i, 1, 2)
(o), = 85Gis 1y D (°ﬁi’2 =85 (i, &y, 2)
where:

S81(.,j,k) = Subsystem 1 (Rotor 1 vertical plane) mode shape for local mode
i, local point j, local direction k

§2(i,j,k) = Subsystem 2 (Rotor 1 horizontal plane) mode shape for local mode
i, local point j, local direction k



$4(i, j,k) = Subsystem 4 (Rotor 2 vertical plane) mode shape for local mode i,
local point j, local direction k

$5(i,j,k) = Subsystem 5 (Rctor 2 horizontal plane) mode shape for local mode i,
local point j, local direction k

L1y = Local point number for the center of gravity of FBD Number 1 in the
rotor vertical plane subsystem which includes FBD No. 1.

L1y = Local point number for the center of gravity of FBD Number 1 in the
rotor vertical plan subsystem which includes FBD No. 1.

L9y = Local poiant number for the center of gravity of FBD Number 2 in the
rotor vertical plane subsystem which includes FBD No. 2.

%71 = Local point number for the center of gravity of FBD Number 2 in the
rotor horizontal plane subsystem which includes FBD No. 2.
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Generalized Forces Due to Gyroscopic Loading for the

FBD Center of Gravity Points

The physical velocities are:

o
. “y P
Vertical (2 phyl)1 - Z Zi(ovi)l l
i=}
n
“s - '
Plane (z phyl)z = E Zi(ovi)2
i=] ‘ Sul
n
Horizontal (i'phyl)‘ = E ij(.;j)l
j=1
m
oy .
Plane (64 phyl)2 - E Yj(oﬂj)2
3=1 /

The physical moments about the Y aud Z axes are:

Vertical M), = - BRI, (Y phys); + 2n(sv)‘&1
Plane (My)g = - OIp(Y phys)y + 2n(sv)2iz
Horizont al ™,y = nIp(i'phyt)i + ZQ(Sv)lﬁl

vy .
Plane (Mz)2 = QIp(Z phys)2 + ZQ(Sv)zp2

The genralized forces are:

Vertical Plane Fup® (M) (nyo;i)2
Horizontal Plane ij - (Mzo;ij)1 + (“Z.;j)z
FBD Number 1 Fpl = =20 Sv‘i"phys)1 - “f1&1
Fql = 20 Svi'phys)‘ + 'flél
FBD Number 2 Fp = -28 svi'phya)2 - nfziz

F,=-20 svi'phyc) +

q2 2 1]

broutine
CURRT

& Subroutine
FORCE

Subroutine
GEN
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5.6 EQUATIONS AND SYMBOLS USED IN TETRA

The following are the equations and a descriptior of the symbols used in
the computer coding of the FBD calculations in TETRA.

These matrix equations are developed in Section 2.0. Note that only the
rotor-FBD equations are formed into matrix equations since only these contain
the nondiagonal mass matrix. The subsystem connecting forces, being on the
right-hand side, are treated numerically as vectors in the mass matrix inverse
multiplication.

TETKA Matrix Equation

lza] = [aM]"1 [Fgep - ZK * Z = ZC * ZV]

where
[ZA] = Generalized acceleration matrix
]! = Inverse of mass matrix
Fgen = Generalized force
ZK = Generalized stiffness
yA = Generalized displacement
ZC = Generalized damping
YAY = Generalized velocity

The generalized FBD module's equations are given in matrix form below.
Note that the "Vertical" and "Horizontal" equilibrium equations are added to
the rotor [which contains the FBD(s)] equations.

5.7 OVERALL PROGRAM STRUCTURE

The revised computer program consists of the main routine plus 36 sub-
routines. A brief description of each of the 36 subroutines is given in
Table 2. A structure chart showing the hierarchy of the program and sub-
routines is given in Figure 11. Finall_ , a condensed flow chart of the
entire program is given in Figure 12.
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INIT

SYBSYS

FLEXSS

FLEX

RBODSS

RBODY

FBDSS

FBDL

CONEL

ELEM1

ELEM2

ELEM3

ELEM4

ELEMS

STIFFE

STIFFT

LINV3F

MATM

UBAL

SINSOS

FORHIS

Table 2. TETRA Subroutines.

Initializes variables and arrays

Processes data for the modal subsystems

Processes data for the flexible modal subsystems

Finds flex:ble subsystem mode shapes

Processes data for the rigid body modal subsystems

Computes rigid body mode shapes

Processes data for the FBD modal subsystems

Processes data for the local points on the FBD's

Processes data for the physical connecting elements

Processes spring-damper (Type 1) physical connecting element data
Processes link-damper (Type 2) physical connecting element data
Processes rub (Type 3) physical connecting element data

Processes engine support-links (Type 4) physical connecting element
data

Processes data for the uncoupled point spring-damper (Type 5) physi-~
cal connecting element

Computes stiffness matrix for engine support element

Compntes stiffness matrix for link elements that are to be combined
with engine support element

Matrix inversion and determinant calculation for the engine support-
links (Type 4) physical connecting element and the FBD-rotor mass

matrix

Matrix multiplication for the engine support-links (Type 4) physical
connecting element

Processes unbalance load data
Processes Pcos wt and Psin wt ioad data

Processes force-time history load data
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PLOTD

SCAN

TILOOP

ROPROP

CURRT

FBDDS

FOKCE

APFOR

GEN

MODES

GENDIS

LISTPF

BUFIO
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Table 2. TETRA Subroutines (Concluded).

Processes gyroscopic load data

Processes data for the FBD's and the rotor to which they are attached

Computes

the mass matrix for the FBD's and the rotor to which they

are attached

Processes data for output plot file

Establishes element/subsystem connections

Time integration loop

Calculates rotor properties (speed, acceleration, and angular dis-
placement)

Computes
Computes
Computes
Computes

Computes

current physical displacements, velocities, and modal forces
displacements and stresses for the local points on the FBD's
physical conanecting element and gyro element forces

applied forces

generalized forces

Finds the mode sha es

Computes

the generalized displacements

Prints at least a partial listing of the output plot file

Buffers output for the plot file
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Process Data for Modal Subsystens
(SUBSYS, FLEXSS, FLEX, RBODSS, RBODY, FBDSS FBOL)

Process Connecting Element Input
(ELEMI, ELEMZ, ELEMD, ELEMA, ELEMS, STIFFE, STIFFT, LINV3F, MATM

Y

Process Load Input
{(UBAL, SINCOS, FORMIS, GYROE)

Proceas FBD-Rotor Data
(FBD, MASSM, LINV3F)

——

TIME = TIME +A TIME

A
Call CURRT to Calculate Current Dispiacements and Velocities

L
Call FBDDS to Calculate FBD Dispiacements and Stresses

Cait FORCE to Calculate the Connecting Element Forces

\ 4
Calt GEN to Calculate the Generalized Forces

Call GENDIS to Update the Generalized Displacen ents

NO

L.

Time Integration Loop
(Subroutine TILOOP) YES

sSTOP

Figure 12. TETRA Flowchart,
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5.8 NASTRAN/TETRA INTERFACE PROGRAM

The NASTRAN/TFTRA interface computer program has also been installed on
the IBM compiter whict: front-ends the CRAY-1 Computer at NASA Lewis Research
Certer. This interface program generates modal subsystem input for TETRA for
the flexible modal subsystems (can generate modal subsystem input for Subsystem
1, 2, 4, 5, 7, 8, or 10). The prc~edure used is as follows.

First, a NASTRAN run is made on the CRAY-1 computer, and the NASTRAN out-
put file is sent back and s<ved on the IBM computer. The interface program
must read and obtain data from the NASTKAN output file that it reeds to gen-
erate the TETRA 1nput.

A PROCuEF named KUNNT was generated to make it easier to run the interface
program. (If you don't know what a PROCDEF is, see the 370 Use:'s Guide Manual
p- 102 or the Command Systems User's Guide Section 4). The user need only
supply the PROCDEF name (RUNNT} followed by the NASTKRAN output file name and
the TETKA modal subsystem input file name as shown in Figure 13. Then, the
interface program asks a series of questions at the terminal which the user
must answer (see Figure 14), Both the horizonta) plane and the vertical plane
subsystem input can be generated in the same interface program run as was done
in Figure 14 (Subsystem 7 = case vertical plane and Subsystem 8 = case hori-
zontal plane). The resulting TETRA input file which includes the modal sub-
system input for Subsystems 7 and 8 is shown in Figure 15.

The source for the NASTKRAN/TLTRA interface program is saved in a file
named SOURCE.NASTET on the IBM system.

Procedure to Run TETRA Computer Program

The TETRA input file must consist of CRAY JCL statements, & LIST' name-
list section, one or more LIST2 namelist sections, zero or more LIoLT? name-
list sections, and a LIST4 namelist section in order (see Figures 16 and 17).
The JCL statements that must be at the front of the input file ace -~aown in
Figure 18 along with a brief explanation for each statement.

Usually "t is easiest to generate separate files for different portions
of the TETRA input and then merge these files together. Oft.n .ne modal sub-
system (LIST2) input can be generated automatically using the N.STRAN/TETRA
interface program. The NASTRAN/TETRA interface program might have to be run
three times - on'e to generate the the modal subsystem input for the low pres-
sure rotor system, again to generate the modal subsystem inpt. for the high
pressure rotor system, and again to get the modal subsy.tem input for the
engine casing. The three modal subsystea files thus geuerated would then have
to be merged with the other files that the user typed in by hand containing
the CRAY JCL statements and the LISTl, LIST3, and LiST4 input. The procedure
for merzing the files into one input file is shown in Figure 19.

A PKOCDEl named TOCRAY was generated to make it easier to submit the input
file to the CRAY to run. (If you don't know what a PKOCDEF is, see the 370
User's Guide Manual ~ 102 or the Command Systems User's Guide Section 4). The

user need oniy type ‘he PROCDEF name (TOCRAY) foljowed by the TETRA input
file name as shown in Figure 19,
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1) Type in:
RUNNT filel,f1le2
where filel « NASTRAN output file name
ond file2 = TETRA subsystem input file name

2) Type In onswers to questions from the computer

Figure 13. Procedure to Run NASTRAN/TETRA Interface Program.
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2305708 6. 116825E-81+-3,027507E-PZ,-9.671252E 85, 1.2803082E 87,
appcced L 114607SE-B1) 2.B27SOTE-PZ, 9.67125E 85, B,4550Z6E 86

Ba06900 1. AOPPO@E 0@y 2,121€3AE-AZy 3.8004SJE 85 9.0080003,
AGRTER8 -7.1852¢8:-061, 1.8Z51C1E-15, f.900800, &.89ZZ37E 67
EOF

Figure 15. NASTRAN Generated Modal Inmput File for Subsystems 7 and 8.
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CRAY

LIST1

LIST2

LIST3

LISTY

JCL Statements

Namelist Section (one such section)
Type A ond B input sheets

Namelist Section (one for each modal
subsystem) Type (-1 through C-12
input sheets.

Namelist Seciion (one for ecch physical
connecting element)
Type D-1 through H-2 input sheets.

Namelist Section (one such section)
Type [ through Type P-2 input sheets

Figure 16. Input Order.
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Example: Set up for g rur with four modol subsystems
and two physical connecting elements.

v
CRAY JCL STATEMENTS

v
SLISTI

$END
$1.1ST2

$END
sLIST2
$END
$LIST?
$END
$LIST2
$END
$LIST3

$END
$LIST3

$END
$LIST4

$END

Figure 17. CRAY Input Setup for Four Mcdal Subsystems Example.
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JOB, JN = jobname, M =400, T - 600.
ACCOUNT, AC - userid, PW - password

ACCESS, DN=A, PDN - TETRA, ID = SMBLACK.
ACCESS, DN=B, PDN - filename, ID = userid.
ASSIGN, DN=B, A=FT22.

ASSIGN, DN =C,A = FT23.

ASSIGN, DN = D,A = FT24.

LDR, DN-A.

DISPOSE, DN - C,SDN - filename.

SAVE, DN =D, PDN-fllename, ID = userid.
ERASE, PDN = f{lename. ID- userid, ED- -2,
EXIT,

DUMPJOB.

DUMP.

/EOF

Figure 18.

Notes
jobname=f1le name for printed output (returned to IBM)
enter your IBM user{d and password
accesses TETRA program on Cray
f1lename={nput résrart file name
assigns input restart file to flle code 22
assigns output plot file to file code 23
assigns output restart file to flle code 24
lood and run
f1lename=output plot file name (returned to IBM)

f 11ename=output restart file name (saved on Cray)

Erases all except last two editions of restart file

these cards generate dump If program aborts

CRAY JCL Statements Needed for TETRA.



1) Run NASTRAN/TETRA interface program as often as
necessory to obtain subsystem (LIST2) imput.

2) Remaining input must be typed in and saved.

3) Merge together the files contoining the TETRA input
into one input file as per the following example:

REDIT JCL
B

LOA LISTY
B

LOA LIST 22
B

LOA LIST 28
B

LOA LIST 2C
B

LOA LIST 34

VSFILE FILENW

JCL

[Lisn

[List2a

LIST2B

file containing CRAY JCL

file contoining LIST1 fnput

file containing LIST2 (subsystem) fnput

[ust2g] - . . . .

[L1sT34] file contoining LIST3 ond LIST4 tnout

4) Type the following to submit the run to the CRAY computer:

TOCRAY FILNAM

Figure 19,
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6.0 E3 STRUCTURAL MODELING

6.1 INTRODUCTION

An engine structural model representing the E3/ICLS has been assembled
that can be analyzed with the TETRA program for engine transient response.
The TETRA model includes six subsystems; LP rotor vertical and horizontal, HP
rotor vertical and horizontal and static structure vertical and horizontal. A
total of 100 modes have been included, extending from the rigid body modes to
approximately 20 times the low rotor maximum speed. These subsystems are
assembled with five connecting elements that represent the five main engine
bearings. One rub element is included representing an additional load path
between the fan rotor and containment case that becomes active when the rela-
tive displacement exceeds a specified clearance. The model is defined so that
additional rub elements can be easily added at 12 other rotor/stator locations
and at one rotor/rotor location. Gyroscopic effects are included in both the
LP and HP rotor subsystems. The polynomial which defines the LP rotor to HP
rotor speed relationship is based on sea level static standard day cycle deck
data. Steady-state test runs of the TETRA model have been made on the Honeywell
computer at the General Electric Company in Evendale, Ohio. Preliminary
results from these test runs in the time domain correlate well with results
from the baseline dynamic analyses conducted in the frequency domain. There-
fore, this TETRA model provides NASA with the capacity to explore the range of
capabilities of the TETRA program as well as define its limitations,

The purpose of this report is to describe how the E3/1CLS engine was
modeled, broken down into subsystems and connecting elements and then reas-
sembled into the TETRA model. The ICLS configuration shown in Figure 20 has
been chosen for this project since it represents the engine system that will
be actually tested.

6.2 ASSEMBLED PLANAR MODEL DESCRIPTION AND LP SYNCHRONOUS FREQUENCY
RESPONSE CHARACTERISTICS

The General Electric Company-developed VAST computer grcgram (Reference 1)
was used to define a planar system dynamics model of the E’/ICLS engine, and
to generate the associated modal data. This prcgram is an extension to the
Prohl-Myklestad method which addresses to the branched lcad paths found in
real engine structures and assumes the motion to be axisymmetric. The program
includes bending, shear deformation, rotary inertia and gyroscopic effects.

It computes and prints out the system natural frequencies, displacements,
rotations, loads and moments for each normal mode, together with the potential
(strain) and kinetic energy distributions in the various components, Post-
processors to the VAST progre.. are used to compute the forced steady-state
combined modes frequency response for any point in the engine system model.
The purpose of this section of the report 1s to describe how the assembled
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engine structure was modeled, summarize the elastic-mass data, and to define
the assembled system critical speeds along with the frequency rcsponse charac-
teristics.

Figure 21 is a drawing of the E3/10LS engine system modeled for this
project. Figures 22 and 20 illustrate the VAST model in schematic form. The
major engine components are identified in Figure 22. Figure 23 shows the VAST
span, joint, and spring numbers and defines the boundary conditions at all
joints. Note that the inlet bellmouth and fan exhaust nozzle shown in the
engine drawing are not included in the schematics since these components are
not structurally coupled to the main engine system,

The VAST model was generated with the General Electric Company-developed
preprocessor VEGA. VEGA input represents the geometry, i.e. lengths, radii,
thicknesses as well as the material properties, required to define VAST
elastic-mass input data. VEGA and VAST input are both defined in this report
to provide a comprehensive explanation of the structural element physical
properties,

VEGA Listing

The VEGA listing is contained in Section 7.1. Two types of elements are
used to define VEGA input, springs and spans, which are connected at joints,
The schematic illustrated in Figure 23 identifies the spans, springs and
joints. Spring properties are defined in the upper half of the first page of
the VEGA Listing. The first column identifies the spring number. Columns 2,
3, and 4 define the first end connection of the spring. The second column
identifies the joint numb:r and the third column identifies the span number to
which the first end of the spring is connected. Columns 5, 6, and 7 define
the second end connection of the spring. The fifth column identifies the joint
number and the sixth column identifies the span number to which the second end
of the spring is connected. Columns 4 and 7 define bcundary conditions at the
spring connection ends. Type 1 spring boundary condition indicates that both
shezr and moment will be transmitted while Type 2 transmits only shear. Zeros
in Columns 2 and 3 or 5 and 6 in place of joint and span numbers indicate a
connection to ground, The eighth column defines the coefficient type to be
used, 0 for flexibility or 1 for stiffness. Columns 9-12 define the flexibil-
ity coefficients or stiffness coefficients.

For flexibilicy:

PHIM ¢y rad/in-1b = rotation due to unit moment
PHIV = ¢y rad/lb = rotation due to unit force
ETAM = ny in/in-1b = deflection due to unit moment
ETAV ny in/lb = deflection due to unit force

The thirteenth column indicates the axial offset of the spring element. The
VAST convention required for all spring input is defined in the following
sketch,
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Figure 21.

Cross Section of the E3/1CLS Engine System.
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Fan Case

Fan
Frame Innexr HPC C = Aft
isl d Mount
slan Forward Mount Combustor
LPT
Stator
Fan Booster HPT _—
Rotor Za— ROtOT HPC Case Stato Mixer
| Turbine
Core Frame
Frame /
LPT
Rotor Exhaust
No. 1 Bearing HPC HPT ZL. Plug
Rotor Rotor
, / ! No. 5 Bearing
Fan
Shaft LP Shaft |
Aft Squirrel Cage
No. 3 Bearing
Forward Squirrel Cage No. 4 Bearing
No. 2 Bearing

Figure 22.

E3 ICLS System Dynamics Computer Model Schematic.
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POSITIVE
~———e 4+ LENGTH LOAD (V & M)

T

LEFT END APPLIED LOADS AT POSITIVE DEFLECTION (8 )
AND SLOPE (@) ORIENTATION

FIXED FREE RIGHT END

The segmented span data for all 30 spans follows the spring input.
Listed in the heading of each span gheet are the rotor speed and the ratio of
rotor speed to frequency of vibration. The speeds shown are for LP synchron-
ous vibration at FPS growth conditions. The ratio of rotor speed to frequency
of vibration is used to introduce gyroscopic effects in the vibration model.
This ratio is zero for all spans representing nonrotating components such as
the casing and bearing supports, and is nonzero for all spans representing
rotor systems. The rotor speed is not required in critical frequency calcula-
tions but is used for gyro maneuver calculations. Also listed in the heading
are the span number identification, joint numbers identifying each end of the
span and boundary conditions at each end of the span. Continuous boundary
condition indicates that the end is fixed to another span and both shear and
moment are transmitted through the joint. Pinned boundary condition indicates
one of three conditions; (1) a free end, (2) pinned connection to another span
transmitting only shear, or (3) connection to a spring where the spring bound-
ary condition applies, Column 1 identifies each segment of the span with a
station number. The interval length listed in the second column gives the
length of each station-to-station segment in inches. Four element types
(Column 3) are used to define interval properties listed in Columns 4-10;

a. Element Type 2 is a massless spring where Columns 4-7 identify
either flexibility coefficients (0 in Column 8) or stiffness coeffi-
cients (1 in Column 8),

Column & PHI(M) = @y rad/in-1b = rotation due to unit moment
Column 5 PHI(V) = ¢y rad/lb = rotation due to unit force
Column 6 ETA(M) = my in/in-1b = deflection due to unit moment
Column 7 ETA(V) = ny in/lb = deflection due to unit force

b. Element Type 3 is a cone used to model thin wall shell elements

using a membrane analysis,

Column 4 E = elastic modulus (psi x 1076)
Column 5 G

shear modulus (psi x 107%)

Column 6 p = material weight density (1b/in3)

Column 7 rij-1 = mean radius of wall at left end (inches)
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Column 8 t;_y = wall thickness at left end (inches)
Column 9 r; = mean radius of wall at right end (inches)

Column 10 t; = wall thickness at right end (inches)

c. Element Type 4 is a uniform weight cylindrical beam,

Column 4 E = elastic modulus (psi x 1076)

Column 5 G = shear modulus (psi x 1076)

Column 6 p = material weight density (1b/in3)

Column 7 r, = outside radius of cylindrical section (inches)
Column 8 t = wall thickness of cylindrical section (inches)

‘. Element Type 5 is a uniform weight rigid cylindrical beam with input

exactly the same as for Element Type 4 (except that the values for E
and G are arbitrary).

The material data indicating metal temperature and material name is an
option used for selecting material properties listed in Columns &4, 5 and 6,
Weight properties are listed in the three columns to the extreme right; polar
weight moment of inertia (1b-in?), weight (1bs.), and transverse or rotary
weight moment of inertia (1b-in?). The polar weight moment of inertia is
taken about the axis of revolution of the body while the transverse weight
moment of inertia is about any axis normal to the axis of revolution normal to
the plane of the station axial coordinate. Weight properties of element Types
3, 4 and 5 are computed by VEGA for the VAST input and are therefore not
inclnded in the VEGA weight property listing. The summary at the bottom of
each span listing also excludes internally computed weight properties. Weight
properties which are in the VEGA listing include all weights not calculated by
VEGA. These include weight properties for frames, bearings, disks, blades,
vanes and all nonstructural components.

VAST Listin,

Mass-elastic data from the VAST listing is contained in Section 7.2. This
data is for the segmented span components., Spring data and boundary counditions
are described in detail within the VEGA listing. Each segment of a span is
identified by a station number and includes a massless interval length for
which the flexibility is defined and a point mass for which weight properties
are defined. The program computes stepping or transfer matrices for each
segment and performs a progressive multiplication across each span to obtain
equilibrium and compatibility equaticns which are then combined with boundary
condition equations to form dynamic equations for the complete system, A solu-
tion for the natural frequencies is obtained by calculating the determinant of
the coefficients of the computed equations and the minimums are searched out
to determine the natural frequencies., Once the minimums are obtained, the
mode shapes are computed.
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Listed in the heading of each span sheet are the rotor speed and the
ratio of rotor speed to frequency of vibration. The speeds shown correspond
to LP synchronous vibration at FPS growth conditions. The ratio of rotor
speed to frequency of vibration is used to introduce gyroscopic effects in the
vibration model. This ratio is zero for all :pans representing nonrotating
components such as the casing and bearing supports, and is nonzero for all
spans representing rotor systems. The rotor speed is not required in critical
frequency calculations but is used for gyro loading maneuver calculations.
Following the station number (Column 1) is the interval length (Column 2)
which gives the length of each station-to-station segment in inches. Column 7
is an indicator that indicates whether the segment flexibility is defined with
beam or spring properties. If Column 7 is 1, then Columns 3-6 give the
tensile modulus E lb/inz, the bending area moment of inertia I in“, the
shear modulus G lb/inz, and the shear area A in2, respectively. If Column
7 is 2, then Columns 3-6 give the flexibility coefficients for the segment
as follows:

PHI(M) rad/in-1b = rotation due to unit moment
PHI(F) rad/lb
ETA(M)  in/in-1b
ETA(F) in/1b

rotation due to unit force
deflection due to unit moment

(1]

deflection due to unit force

I1f the above flexibility coefficients are entered as zero, then a rigid seg-
ment results. Columns 8, 9, and 10 give the weight polar moment of inertia
{1b~-in2), the weight (1b.), and the weight transverse moment of inertis
(1b-in2) respectively, which are lumped at the indicated station. The shear-
stress ratio values are used for including the effect of shear deformation and
do not apply when flexibility input is used.

VAST Solution

Results from the VAST frequency domain analysis are included herein to
provide background information that may help evaluate the TETRA time domain
solution. LP synchronous critical frequencies with the undamped mode shapes
and energy distribution characteristics are summarized in Figures 24 through
31. Modal deflections are indicated by the broken line and referenced to the
undeflected solid line. Details of the energy distribution are contained in
Section 7.3. Combined modes frequency response characteristics are illus-
trated in Figures 32 through 36 for fan and LP turbine unbalance. Damping for
this forced response solution is based on Q-factors equal to 15 for all spring
elements and all static structure span elements and effective Q-factors equal
to -41.60 for the core rotor span elements.

Q-faccor = Q¢ = 2C/Cc

97



86

29

A2

20 20 &

ZD
3 48 21 &%)
22
2
o @A
€3 = n(ﬂz \2 *
> (1) /3\
@+ R @@
© A
6 38 {
5 ® @ g
- &
Q¥
Qo
B
Figure 24. EEE-ICLS LP Synchronous Baseline for Complete Model. f: ~
e
<l



66

————— — wiet = i G eSS

224K

132K r-
L

T-w

s RPM = 619

PV . P
N

Q"‘”‘/

S

Figure 25.

EEE-ICLS LP Synchronous Baseline for Complete Model.

IV NO

5
o

ALIVND ¥00d 40

O



001

1K
SRS 7 { . S —

e RPM = 1056

TENRIMO

I 4
.

Figure 26.

4

EEE-ICLS LP Synchronous Baseline for Complete Model.

) M00d 40

"
A
)



101

Figure 27.

e RPM = 3098

EEE-ICLS LP Synchronous Baseline for Complete Model.

Ttm,

9]

e T

AL



01

e A A 272K —
| rid \.)
34K~
164P
<3k , 'S5k
P \..\_‘ A —/,.-
» N-\‘\‘ ~ - gt
/ — T - —_—
X 4%P g XK *‘ 74K
. ‘ N /l N
/ -
i A
S -

T e e ——— e — ——— =

Figure 28. EEE~ICLS LP Synchr

onous Baseline for Complete Model.



€01

41K

54K -

— - - ——

10zp e RPM = 6163

3%P

‘‘‘‘‘ o
53
2%
(SIS
Figure 29. EEE-ICLS LP Synchronous Baseline for Complete Model. f.'
.
bl



yol

22%p

e RPM = 6678

154p

Figure 30.

EEE-ICLS LP Synchronous Baseline for Complete Model.

»o0d 40
YOO

w T

et
e,

A

A-



Sul

Figure 31.

RPM = 8542

EE®-ICLS LP Synchronous Baseline for Complete Model.

SureoRIo

v ot
U et e el

Anvnd ¥ood 40

F o R
¢



901

Number 1 Bearing Load, lbs

20000

15000

10000

5000

Physical LP Rotor Speed, rpm

Figure 32. E3/ICLS LP Synchronous Combined Modes Frequency Response
No. 1 Bearing Load Versus LP Rotor Speed.
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Figure 33. E3/ICLS LP Synchronous Combined Modes Frequency Response
No. 2 Bearing Load Versus LP Rotor Speed.
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Figure 34. E3/ICLS LP Synchronous Combined Modes Frequency Response
No. 3 Bearing Load Versus LP Rotor Speed.
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Figure 36. E3/ICLS_LP Synchronous Combined Modes Frequency Response
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Effective Q-factor = Qeq =

w = Rotational Speed ; = Frequency of Vibration

6.3 TETRA MO. SL SUBSYSTEMS AND CONNECTING ELEMENTS

The baseline VAST model was broken down into three subsystems and five
connecting elements plus one rub element as shown in Figure 37. Spans 1-10
from the baseline VAST model were used to generate the LP Rotor subsystem.
Figure 38 illustrates this subsystem simply supported with 100 1b/in. springs
(spring numbers 1 and 5). The scft springs were used to simulate free-free
end conditions. Spans 11 - 14 from the baseline VAST model were used to
generate the HP Rotor subsystem. Span Numbers 11 - 14 were changed to 1-4 as
required by the VAST convention. Figure 39 illustrates the HP Rotor subsystem
simply suppcrted with 10C 1b/in. springs (spring Numbers 3 and 4). Spans
15-30 from the baseline VAST model were used along with external Springs 51,
52, 53, 81, 91, 101 and 102 to generate the static structure subsystem. The
span numbers were changed from 15-30 to 1-16 as required for the VAST conven—
tion. Static structure subsystem supports were modeled as 100,000 1b/in.
springs (spring Numbers 101 and 102) to represeat the engine mount system.
Figure 40 illustrates the static structure subsystem, Gyroscopic stiffening
was deleted from both rotor subsystem models since the TETRA program addresses
gyroscopic stiffening as discrete input.

The VAST program was used to compute critical speeds for each subsystem
from the rigid body modes up 'to about tweaty times the low rotor maximum
speed. Mode shapes and energy distribution (potential and kinetic) were com-
puted for each critical speed. The critical speeds are listed in Table 3 and
the undamped mode shapes are illustrated in Figures 41 through 56. Modal
deflections are indicated by the broken line and referenced to the undeflected
solid line. Maximum deflection point is indicated by §wax, and all other
deflections are plotted relative to this point. However, since the span
lengths are not illustrated exactly to scale, changes in slope are only accu-
rate for individual spans but not between spans at the joints.

Ch.racteristics of the physical connecting elements are summarized in
Table 4, Uncoupled point spring~damper elements (Type 5) represent the five
main engine bearings which assemble the six subsystems into the complete
engine system. Radial stiffnesses iisted for Bearings 1, 2 and 5 are based on
analysis aloag with CF6 experience and testing since the ICLS bearings are
similar to those used in the CF6. Radial stiffnesses for bearings 3 and 4
represent the bearings in series with centering springs which are used to
isolate core rotor vibration. Squirrel cages with 300,000 ib/in radial spring
rates are used at both ends of the core rotor. Squirrel cage stiffnesses were
determined using a finite element analysis. The Number 3 bearing radial
stiffness is 1,000,000 1b/in. and the Number 4 bearing radial stiffness is
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Table 3.

Sutsystem Critical Speeds.

LP Rotor Subsystem

HP Rotor Subsystem

Static Structure Subsystem

rpm rpm rpm
53 73 718 39416
62 139 1341 43312
1273 16459 4351 46780
2847 29833 8541 50137
8121 38775 11476 53499
16218 51787 13131 54901
28098 66916 17011 59089
37651 74534 12937 65253
40193 87882 21255 71144
43146 24719 74502
50931 27768 75901
57298 289R9 76634
69020 31863 78499
87068 38147

ICLS max speed = 3311 rpm

FPS growth max speed = 4100 rpm
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Table 4. Connecting Elements.

Type 5 Physical Connecting Elements
(Uncoupled Point Spring-Damper Element)

Element Element Connection Points Spring Counstant,

Description Number I-End J-End 1b/in. Q-Factor Frequency
No. 1 Brg. 1 3 34 4,000,000 15 55.2
No. 2 Brg.* 2 4 35 1,695,000 15 55.2
No. 3 Brg. 3 11 36 230,769 15 55.2
No. & Brg.¥ 4 20 6 248 ,864 15 55.2
No. 5 Brg. 5 7 37 1,500,000 15 55.2
*Includes squirrel cage spring rate of 300,000 1b/in. series with bearing

Type 3 Physical Connecting Element
(Rub Element)

Element Element Connection Points, Rub Spring Constant, Damping Dead Band,
Description Number I-End J-End 1b/1in. Coefficient mils
Fan Blade

Rub Path 6 1 21 1,000,000 0 250




1,460,000 1b/in. as derived through analvsis and CF6 experience and testing.
The bearing damping is defined via a specified Q-factor and frecuency pair.
TETRA uses this data to calculate the equivalent viscous damping cnefficiert
for shear as follows:

k LB-SEC
2 7 £Q IN.

¢ = damping coefficient =

In this expression, k i the bearing spring rate (1b/in.), and f is the fre-
quency (CYCLES/SEC). Table 4 shows that the frequency selected is equal to
55.2 Hz which corresponds to 3311 rpm, the maximum fan speed for ICLS. It
will be noted that the TETRA model has been set up to obtaia a solution at a
fan speed of 3311 rpm. The Q-factor for normal unbalance is equal to 15 and
for bladeout conditions it is equal to 7.5. These values are consistant with
large turbofan experience.

The connection points are represented by physical points on the sub-
systems to which the connecting elements are attached, resulting in a reas-
sembled system. Figure 57 illustrates the reassembled system and identifies
the TETRA physical point numbers. WNo damping is included to account for the
squeeze film damper located at the Number 3 bearing since this TETRA model is
set up to evaluate LP unbalauce and damper-system solutions have only been
obtained for core rotor unbalance.

The capability to analyze the effects of secondary lcad paths due to
rotor-case and rotor-rotor rubs is one of the TETRA programe primary features.
One rub element has beea included in the TETRA model that accounts for tan
blade rubs with the containment case. This rub element (TYPE 3 Physical
Connecting Element) is identified as connecting element Numbe~ 6 in Table 4.
Based on steady-state dynamic analyses in the frequency domain thav have been
performed for turbofan engines with large rotor unbalance due to fan blade
loss, a casing ovalization stiffness of 1,000,000 1b/in. appears to give
reasonable agreement wiith test data., The rub element dumping coeffizierw is
equal to zero based on the Test Vehicle TETRA bladeout analysis and test data
correlation conducted in Reference 2. Radial clearance between the blade and
structural casing is represented by the dead band, which is the structural
clearance over which ro load ie transmitted. A dead band of 250 mils is
indicated in Table 4 whicu represents the structural clearance (not flowpath
clearance between blade tip and abradable rub material) for the FPS design.
The FPS clearance is referenced here since the ICLS structural clearance is
between 2.05 inches at tne blade leading edge and 1.70 inches at the trailing
edge. This large structural clearance is the result of a slave nonflight
design for the ICLS test program that utilizes a wood-lined CF6 containment
case. The TETRA model has been defined to maximize the number of rub elements
that can be added. Physical points exist on the case which are adjacent to
every rotor physical point, Table 5 describes alternate rub elements that can
be added to the TETRA model. Figure 57 illustrates the connection point
orientation in the TETRA model.
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Table S. Alternate Rub Element.

(Type 3 Physical Connecting Element)

Connection Points,
Description 1-End J-End
Fan 1 21
Booster 2 22
HP Compressor Stage 1 12 23
HP Compressor Stage 3 13 24
HP Compressor Stage 5 14 25
HP Compressor Stage 7 15 26
HP Compressor Stage 10 16 27
CDP Seal 17 28
HP Turbine Stage 1 18 29
HP Turbine Stage 2 19 30
LP Turbine Stage 1 8 31
LP Turbine Stage 3 9 32
LP Turbine Stage 5 10 33
Mid LP Shaft w/Core Roter 5 16*

*Connection Points 5 and 16 are axially misaligned
by 4.262 inches
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6.4 ASSEMBLED TETRA INPUT DESCRIPTION

The TETRA model was generated using the subsystem modal data and physical
connecting elements described in Section 6.3 of this report. This section
defines the assembled TETRA model input, which is listed in Section 7.4 and is
also provided as punched cards.

The global coordinate system was established such that all axial coor-
dinates match engine stations as referenced on drawings and in reports per-
taining to the E” Program. However, since the engine stations are identified
in inches forward to aft (left to right) and the TETRA global coordinate system
in positive-forward (right to left) in the axial direction, the axial global
coordinates include negative signs (-). All Y (horizontal) and Z (vertical)
coordinates ar2 equal to zero since the X axis goes through the engine center-
line and no physical points are located off the model subsystems. Figure 58
references the engine systew with the global coordinate system.

A total of 37 physical points have been identified on the modal subsys-
tems. This includes the maximum of 10 points on each rotor subsystem, and
17 on the static structure model subsystem. Tables 6 and 7 identify the
physical point locations and show the span and station numbers corresponding
to the VAST subsystem models. The physical point locations are also illus-
trated in Figure 57. Physical points provide for assembly of the subsystems
through physical connecting elements. Coordinates, displacements and veloci-
ties are computed at the physical points by the TETRA program.

The TETRA listing is standard FORTRAN namelist input with line numbers
in the extreme left hand column. Identifying input is contained in Lines 90
through 140. Subsystem modal data for all 100 modes is in Lines 150 through
17200. Model subsystem Number 1 (ISUB = 1) is the LP rotor vertical plane
and mcdel subsystem Number 2 (ISUB = 2) is the LP rotor horizomtal. Lines 150
through 2010 represent subsystem Number i and subsystem Number 2 is repre-
sented by Lines 2020 through 3880. Lines 16C and 170 identify the modal sub-
system and Lines 180 through 310 establish the global coordinate system and
physical points for the LP rotor subsystem. Lines 320 through 460 (XMODES = )
identify the modes; frequencv (rpm) is in the first column, potential energy
is in the second column and the Q-factor is in the third column. The Q-factor
is equal to zero (a Q-factor set to zero is a flag that sets the damping to
zero) for the LP rotor modes since this model is set up for a LP synchronous
run. The forth column identifies the mode type; rigid body modes = 1, and
flexible modes = 0, Lines 470 through 2010 define the actual mode shapes.
Each group VH(1,1,N) = of 1" lines define a local mode and each of the 10
lines within each group specify a local point number. The “VH" groups appear
in the same order as the critical speed listing above in Lines 330 through
460, The 10 local points are in the same order as defined in Lines 220
through 310 (PTS = ). Model data is defined in four columns. Column one
is the modal translation, column two is the slope, column three is the shear
force and column four is the bending moment. Modal subsystem Number 2 is
definel by lines 2020 through 3880. Line 2040 sets ISUB = 2 signifying the
horizontal direction LP rotor subsystem whereas line 170 sets ISUB = 1 for the
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Table 6.

TETRA Point Ideatification.

LP Rotor Subsystem Point Numbers 1-10
Core Rotor Subsystem Point Numbers 11-20
Static Structure Subsystem Point Numbers 21-37

Corresponding VAST

TETRA Point Subsystem Span,
Number Description Station Number
1 Fan Rotor i, 12
2 Booster Rotor 1, 21
3 No. 1 Brg. Counection 2, 10
4 No. 2 Brg. Connection 5, 1
5 Mid LP Shaft 5, 13
6 No. 4 Brg. Connection 7, 1
7 No. 5 Brg. Connection 6, 10
8 LP Turbine Rotor 1 9, 1
9 LP Turbine Rotor 3 9, 14
10 LP Turbine Rotor 5 10, 11
11 No. 3 Brg. Comnection 1, 1
12 HP Compressor Rotor ! 1, 11
13 HP Compressor Rotor 3 1, 18
14 HP Compressor Rotor 5 2,
15 HP Compressor Rotor 7 2, 9
16 HP Comprossor Rotor 10 2, 18
17 CDP Seal 2, 24
18 HP Turbine Rotor 1 4, 1
19 HP Turbine Rotor 2 4, 14
20 No. 4 Brg. Connection 4, 25




Table 7. TETRA Point lIdentification.

LP Rotor Subsystem Point Numbers 1-10
Core Rotor Subsystem Point Numbers !1-20
Static Structure Subsystem Foint Numbers 21-37

Corresponding VAST
TETRA Point Subsystem Span,
Number Description Station Number
21 Fan Case @ Fan Rotor 15, 16
22 Booster Island @ Rolor | 6, 8
23 HP Comp. Case @ Rotor 1 7, l4
24 HP Comp. Case @ Rotor 3 8, 6
25 HP Comp. Case @ Rotor 5 8, 16
26 HP Comp Case @ Rotor 7 9, 7
27 HP Comp. Case @ Rotor 10 9, 21
28 CDP Seal 10, 6
29 HP Turb. Case @ Rotor 1 11, 1
30 HP Turb. Case @ Rotor 2 11, 17
31 LP Turb. Case @ Rocor ! 12, 4
32 LP Turb. Case @ Rotor 3 12, i4
33 LP Turb. Case @ Rotor 5 12, 23
34 No. 1 Brg. Connection 4, 1
35 No. 2 Brg. Connection 2, 1
36 No. 3 Brg. Connection 3, 7
37 No. 5 Brg. Connection 5, 1

All static structure TETRA points are
corresponding rotor TETRA points.

axially aligned with

139



vertical direction LP rotor subsystem. Since the LP rotor is symmetrical, the
iuput for modal subsystem Number 2 is exactly the same as the input described
for modal subsystem Number 1.

The input description continues with modal subsystem data for the core
rotor. This input is in exactly the same format as previously described in
the LP rotor modal subsystem discussion. Lines 3890 through 5150 list the
input data for modal subsystem Number 4 (ISUB = 4), the core rotor vertical
plane. Lines 3900 and 3910 identify the modal subsystem and lines 3920
through 4050 establish the global coordinate system and physical points for
the core rotor subsystem. Lines 4060 through 4150 (XMODES = ) identify
the modes. The Q-factor is nonzero to reflect the nonsynchronous vibration
induced by LP rotor unbalance. Recall, this TETRA model is set up for LP
synchronous vibration.

1 = ____._9.__
Effective Q-factor QEQ ) 1
¢
wvhere
Q = 10C Rotor Structural Damping

W 12875.9 rpm Rotational Speed

¢

3311.2 rpm Frequency of Vibration

Rotor speeds are for the SLS Standard Day takeoff condition since this is

where the TETRA model is set up to start at. Therefore, Qeq = -34.6 for the
core rotor modal subsystem. Lines 4160 through 5150 contain the mode shape
data. Modal subsystem Number 5 (ISUB = 5), the core rotor horizontal plane,

is defined by Lines 5160 through 6420. Line 5180 sets ISUB = 5 signifying the
horizontal direction core rotor subsystem where as Line 3910 sets ISUB = 4 for
the vertical direction core rotor subsystem. Since the core rotor is symmetri-
cal, the input for modal subsystem Number 5 is exactly the same as the input
described for modal subsystem Number 4.

Modal subsystem data for the static structure follows the core rotor
modal subsystem. This input is in exactly the same format as previously
described in the LP rotor and core rotor modal subgystem discussions. Lines
6430 througn 11810 list the input data for modal subsystem Number 7 (ISUB =
7), the static structure vertical plane. Lines 6440 and 6450 identify the
modal subsystem and lines 6460 through 6660 establish the global coordinate
system and physical points for the static structure subsystem. Lines 6670
through 6940 (XMODES = ) identify the modes. The structural damping input of
Q = 15 is representative of the damping for normal unbalance in a large
turbofan engine., For high unbalance associated with blade loss, Q = 7.5 has
been shown to result in good agreement between analysis and engine test data.
Note that the Q-factor used for the static structure subsystem is the same as
for the connecting elements as described in Section 6.3. Lines 6950 through
11810 contain the mode shape data. Modal subsystem Number 8 (ISUB = 8), the
static structure horizontal plane, is defined by Lines 11820 through 17200.
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Line 11840 sets ISUB = 8 signifying the horizontal direction static structure
subsystem whereas Line 6450 set ISUB = 7 for the vertical direction static
structure subsystem. Since differences in the static structure between the
vertical and horizontal planes are small, the input for modal subsystem Number
8 is exactly the same as the input described for modal subsystem Nurber 7.

Physical connecting element input is included in Lines 17210 through
17780. Characteristics of the physical connecting elements are summarized in
Table 4 and described in detail in Section 6.3 of this report. This input
identifies the element type, element number, physical connecting points, along
with the flexibility and damping characteristics. For the rub element, the
structural clearance is also identified. Alternate rub elements can be added
to the input file following Line 17780.

Restart and time integration input is contained in Lines 17790 through
17840. Line 17800, ISTART = 0, signifies a new run. For a restart run, ISTART
= ] and a line must be added between Lines 17800 and 17810 to indicate the
desired restart time. The added line would be, RTIME = the restart time in
seconds. Line 17810, DELTA = 5E-6, indicates a time integration step size
of 5 microseconds. Selection of the proper time step size is crucial for
obtaining a correct solution. Effect of step size is discussed in Section
6.5 of this report. Line 17820, TFINAL = 0.200, signifies the time in sec-
onds at which the time integration is completed. Since this is a new run
(ISTART = 0), the solution encompasses 0.20 second. The result is forty
thousand one (40,001) time steps using a step size of 5 microseconds. Line
17830, IPRMUL = 1500, indicates a print multiple of 1/1500, and line 17840,
IPLMUL = 20, indicates a plot multiple of 1/20. For this input, 1/1500 of the
time steps (26) are printed and 1/20 of the time steps (2000) are plotted.

Rotor speed and rate input is contained in Lines 17850 through 17930,
The independent rotor is established as the LP rotor with Line 17850, IROTI =
1. For the core rotor to be the independent rotor, Line 17850 would have to
be changed to IROTI = 2. (Q-factor damping characteristics in the LP rotor
and core rotor subsystems would also need to be revised.) Line 17860, BEGTIM
= 0, and Line 17870, BEGRPM = 3311.2, define the beginning time (seconds) and
the beginning speed (rpm) for the first speed segment as applied to the inde-
pendent rotor. Lines 17880 and 17890 (TRHIS = ) define the time segment
length (seconds) along with the accel or decel rate (rpm/sec). This time his-
tory is limited to 10 segments which must be entered in chronological order.
The input shown on Line 17890 indicates a single segment of one second dura-
tion with no accel or decel rate. Lines 17900 through 17930 define the poly-
nomial coefficients relating the dependent core rotor speed to the independent
LP rotor speed. Figure 59 illustrates the speed relationship assumed for the
analysis. An orthogonal polynomial method was used to fit the least-square
polynomial to the data illustrated. The solution yielded an index of determ—
ination of 0.9745 and the standard error of estimate for the dependent rotor
was 610.8 rpm. Table 8 lists the speeds used to determine the polynomial
coefficients. These coefficients are valid when the LP rotor is the indepen-
dent rotor.
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Table 8.

LP Rotor Versus HP Rotor Physical Speeds.

LP Rotor Speed HP Rotor Speed
Nl, rpm N2, rpm
0 750
50 2000
80 3000
130 4000
190 5000
250 6000
300 6500
350 7000 | Subidle
420 7500 Estimate
500 8000
600 8500
710 900(2J
755.9 9127.0 |
912.4 9512.5
1167.9 10017.9
1658.0 10754 .4
2020.9 11115.4
2300.1 11471.4 SLS Std. Day
2522.8 11766.9 Cycle Deck Data
2701.4 120:7.0
2870.5 12256.7
3034.9 12477.3
3182.2 12681.8
3311.2 12875.9 |
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Unbalance loads are specified in Lines 17940 and 17950, One unbalance
load is specified in the input listing, Line 17950; the time of birth is 0
seconds, the unbalance point number is 1 indicating the fan rotor, the magni-
tude of the unbalance is 500 gm-in, and the phase angle for the birth event is
0 degrees. A maximum of 20 unbalance loads can be included.

The data needed to define the gyroscopic loads are contained in lines
17960 through 18160, This data consists of the polar moments of inertia
(1b-in2) at physical points on both rotor subsystems. Table 9 summarizes the
polar moments of inertia.

The TETRA input file is completed by specifying the desired plot file.
Lines 18170 through 18510 define the point numbers and global direction num-
bers for which the coordinates, displacements, velocities and modal forces
are written onto the plot file. Lines 13520 through 18760 define the physical
connecting element numbers, point numbers, and global direction numbers for
which the physical connecting element forces are written onto the plot file.
Line 18770, SEND, completes the TETRA namelist input file.

6.5 TETRA TEST RUN RESULTS AND OBSERVATIONS

A limited number of TETRA test runs were made using the General Flectric
Company, Evendale, Ohio-based Honeywell computer., Results from these tests
indicate that the TETRA input file has been correctly assembled. This TETRA
model represents an ambitious effort as it includes; six subsystems with 100
modes, 6 connecting elements, 20 gyroscopic load inputs, and 37 physical
points.

Using the proper time step size is essential for obtaining a correct
solution with the central difference method that TETRA employs. In general,
the time step should be equal to about 1/40 of the smallest period of oscilla-
tion for the subsystem modes. For the baseline TETRA model, the smallest
period of oscillation is equal to 0.6827 milliseconds (the highest natural
frequency is at 87882 rpm - core rotor modal subsystem). Therefore, using a
time step of 17 microseconds would satisfy the forementioned 1/40 criterion,
and result in the computation of 11765 time steps during a 0.200 second time
interval, Results from the test run using a 17 microsecond time step are
illuctrated in Figures 60 and 61, which show Number 1 bearing loads as com-
puted for the No. 1 physical connecting element at physical point Number 34.
The wave forms look reasonable for the initial 110 milliseconds showing clean
LP synchronous 1/Rev as expected for fan unbalance. Also, following the
expected initial transient, the amplitude (390 1bs) stabilizes and is close in
value to the VAST frequency domain solution amplitude (330 1bs). Recall that
Figures 32 through 36 illustrate the frequency domain forced response charac-
teristics. However, as shown in Figures 60 and 61 this TETRA solution begins
to diverge at about 110 milliseconds and thereafter it is apparent that the
predictions are not correct. It appears that numerical problems begin to occur
at approximately 110 milliseconds and are probably related to truncating error
associated with the large number of generalized coordinates (100 subsystem modes).
Since numerical difficulties did not occur early in the solution time frame,
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Table 9.

Gyroscopic Load Input.

TETRA Point
Number on Rotor

Polar Moment
of Inertia, Ip
(1b-in.2)

Rotor Component
Identification

ot
IO\O@\IO\\AL‘@N»—-

LP Rotor Total

11

20

HP Rotor Total

381881

42599
2202
620
271

4450
512
27727
62440

49497

572199 1b-in2

276
5261
4482

5959
9406
6908
4211
20293
18597

466

75859 1b-in?

Fan and Booster

Shafting

LP Turbine

HP Compressor

HP Turbine
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PHYSICAL CONNECTING ELEMENT NUMBER |
PHYSICAL POINT NUMBER 34, GLOBAL DIRECTION 1
NUMBER 1 BEARING FORCE VERTICAL, LBS.

500 GM-IN FAN UNBALANCE CONSTANT SPEED SOLUTION AT NFAN = 3311 RPM
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Figure 60. TETRA Test Case Solution with 100 Subsystem Modes.
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PHYSICAL CONNECTING ELEMENT NUMBER 1
PHYSICAL POINT NUMBER 34, GLOBAL DIRECTION 3
NUMBER 1 sEARING FORCE HORIZONTAL, LBS.
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Figure 61. TETRA Test Case 3jolutjon with 100 Subsvstem Modes.
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it was concluded that the problem was not related to time step size. To
verify this conclusion, the time step was reduced to 5 microseconds which is
less than 1/125 of the smallest period of oscillation. Results from this test
run, illustrated in Figures 62 and 63, show that the reduced time step had no
effect on the solition which demonstrated the same divergence as obtained for
the 17 microsecond time step solution (Figures 60 and 61). An example of the
TETRA output for this test case (100 subsystem modes and 5 microsecoad time
step) is provided in Section 7.5. This output file includes the printout for
the first two (2) time steps.

The number of subsystem modes was reduced to what was considered a mini-
mum, sing the £+ seven LP rotor subsystem modes including the rigid body
modes (Npax = 28090 cpm), the first four core rotor subsystem modes including
the rigid body modes (Nyax = 29833 rpm) and the first six static structure
subsystem modes (Nyay = 13131 rpm). This reduced the total number of sub-
system modes to 24 from 100. A 20 microsecond time step was chosen, which is
1/100 of the smallest period of cscillation and results in a step size to
smallest period of .scillation ratio which is similar to that used for the 100
subsystem mode/5 microseconds case. Using a 0.200 second time interval
resulted in 10001 solution steps with no indication of numerical difi..ulties.
in addition, the analysis was restarted and continued for an additional 0.200
second. Results for the entire 0.400 second are shown in Figures 64 and 65.

The success of this test run with a reduced number of generalized coord-

inates would seem to indicate that the numerical problems encountered with the
original 100 generalized coordinates were caused by truncation error.
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PHYSICAL CONNECTING ELEMENT NUMBER 1
PHYSICAL POINT NUMBER 34, GLOBAL DIRECTION 1
NUMBER 1 BEARING FORCE VERTICAL, LBS.
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Figure 62. TETRA Test Case Solution with 100 Subsystem Modes.
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PHYSICAL CONNECTING ELEMENT NUMBER 1
PHYSICAL POINT NUMBER 34, GLOBAL DIRECTION 3
NUMBER 1 BEARING FORCE HORIZONTAL, LBS.
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Figure 63. TETRA Test Case Solution with 100 Subsystem Modes.
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PHYSICAL CONNECTING ELEMENT NUMBER 1
PHYSICAL POINT NUMBER 34, GLOBAL DIRECTION 1
NUMBER 1 BEARING FORCE VERTICAL, LBS.
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Figure 64. TETRA Test Case Solution with 34 Subsystem Modes.
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PHYSICAL CONNECTING ELEMENT NUMBER 1
PHYSICAL POINT NUMBER 34, GLOBAL DIRECTION 3
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Figure 65. [ETRA Test Case Solution with 34 Subsystem Modes.
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TOTAL WEIEwNY t.70108F 03 POuUNDS
TCTAL LENCTH 3 se00E O incnes
TOTAL POLAR MOMENT 2. 28238 O& LD -~lhvw2
PROCRAM ND U2E74a . » . L] vEGCGA . - . -
CRE-S$83¢ LP REF JCLS DASELINE FOR TETRA PAEGQ STARCH & SF
SPAN PROPERTIRS 1RPUT
SPAN mUMBER 20
INLEY FAN CONTAJUMENY
STATOR SPan RATIO L OMEGA o.
FORE END -- JOINT 28 TYPE PINNED AFT END -- JOINT 30 TYPR CONTIMWOUS
INTERVAL PROPERTIRS MAYRRIAL DaTA wEIGHT PROPERTIES
SeMETIIRITEL AR RIRINTIETRICRITORT LD vese TrTdTECONRERRINORNS te  assEadtITESEIENGR essRrsssavzazEE
) A 1941 ) i}
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t(rs1) cirs1) L1 RIO} A ALPNA (L0-1Nss2) {LB-JNew]])
2 L} 2 o. © o ® S80F 04 § 000K O1 4 SaOE 04
3 © oo s 2 1T.121¢ 01+ 2 3302-01» 200 AlS1 a&3ao . © °
& ) 000 8 2 1. 1218 ©1» 2 830R-01s o © L]
| 4 L3E11] LR T.121F ©ve 2. 8330 -01» L] © L]
[ ©.800 4 2 T 121K ©1» 2.3308:-019 o ° Q.
k) © 200 . 2 T.121R O1e 2 Qte L} ° °
[] o 870 4 2 1.121¢ oOt» 2 01 o ° 0.
L] o 288 ¥ T T.T31E Ove 2 3] L] © [
10 1. 800 a 2.8 t.121¢ O1% 2. o1s . © ° 0.
1T o Joo a 7 1.12%¢ o015 2 Ore [ L] © o
12 1 280 3 2 V. 1218 e10 2 [- AL ° 43 380 © 200 -] o (]
H 1= . . 0. L] © [
14 © 00 3.3 1 1212 ©1e 2 8J0%-012 & 3308 © 43 180 0 180 (4 © ©
122 o 180 s 2 1. 121¢ ©01v 2 B30FE-Ct» 4 Q1830 O LN © © ©
16 o 780 ) 2 1. 1212 Ots 2 3302-01% 4 312k O © 42 970 _© 180 8 1738 04 § 2008 01 4 SESE 04
N . . - . LANN ) [] 0. L]
18 o 880 3. 2 1.121€ Ote 2 8308-015 4 .200F O © 220 42.770 © 220 1] L] L]
AL 0. 280 4. 2 1.12'E ©1e 2 3308-01= &4 8308 0V © 870 0. () o.
30 o 780 1. 2 3 121 Ote 2. 320R-01= 4. .370R O' 0. 230 42.820 O 220 o ] [
B . . g g - v . A . L] L]
22 0. 880 3. 2 1.12%% O0t* 2 S30F-0C1° &4 280F OV ©.220 42 380 &.220 ° ° ©.
23 ©.280 . 2 1.121E O1e 2.820K-010 4 287K ©1 © 670 L] [] o.
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TOTAL WEIGHT 1 02008 02 POUNDS
YOTaL LENCTR v 28700 TREWLE
TOTAL POLAR MOMENT 1. 88828 OB LD -iMer?
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OF POOR QUALITY

S3F LP REF 1CLS GASELINE FOR YETAL PRR® BRARCH § 8P

SPAN PROPEATIAS (MGUY
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2 © E ] ° ° ° ° ° © [
PR . 2 1 1218 01s 2 430E-01% 4 188 OV 0©.1220 200 AIS! 4240 ° ©. °
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v T ~$T o 188 —% L 1
2. T 121E 01 2 8308-012 & 208F O ©. 420 ° ° °
2 1 121€ 015 2 B30E-01s & t1YSE ©1 © 180 ° ° ®
4 32 1 1218 OV 2 S30E-01* 4.203F 6) © %00 o [ e
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2. 1 1212 Ot= 2 4306-01% 4 178 61 O 280 ° ° °
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TOTAL WRIGKHY 1 _21408 03 POUNDS
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MFROR 9700 PR (4N FWOUr
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1) Ty 1) £l
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NIRO® 9700 7O 19%1 TWOLP

¥ a A
VIBRATION ANALYSIS SYSTEM v3deza-»

VIBRATION AWALYSIE PARPAREID POR
T J CLINE Ty 793% CREREE YEWYT

r— -

- .

_ ORIGHHAL PACE 19 |
OF POOR QUALITY

| J

a v
YIGRATION ANALYSIS SYSTEM u3s432a-0
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ADTOR SPEED 4. 09800F 03 Rm
RATTY OF ROV
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ALL VALURS OF THE SHEAA-STAESS RATIO (ALFA) ARE 2 000008 0O
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TOTAL LENGTN BF THIS SPAN 1S 7 338708 ©1 INCHES
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RERTA ITNO PN 4RI TOUP

ALL VALUFCS OF THE SHEAR-STRESS RAYIO (ALPA}
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2 2803838 08 2.388352 o8 1_878%4g o8 3 20837k o4
SPAN KINETIC ENERCY FERCENT TRANSLATION ROTATVION SPAN POYENTIAL ENEACY SENCENY PORCE MENENT
1 1.6814%E 03 a.487% V. 924208 ©)  -) £2783Rk 02 1 3 90317 o ® 017 1. 8331808 O 8 83833t O
3 3 SE30ay o1 © 017y 4.028888 O -7‘3.",!‘0! 3 ‘.‘CT'I‘ [ 2} © 022 ' 361732 ot 3.830388 O
. 2 OB1INE O o o008 2.13008¢8 Ot -8 918211 -01 . 2.22971¢2 o2 © ofs 7 80878 ©OF 1.421818 02
s 9.730388_O2 0. 429 $.714472 03 1. 890828 00O L] 1 _S$8453F 0 ¢ 703 1 _JasssE o3 14838 [-2]
. [} -
2 2 38 7 3.28807E 04 T4 483 3.200878 O °
5 .SISARE €2 1) 7.68213¢ o2 0 33 1. 7685888 02 S .2tr888E 02
2.200¢t12 o3 L] 1. 387144 02 0.081% Y OR027E O S B13'8F O
T . [ - B H 1 . L. 3
t 1 240012 OS% 1.380548 0% -1 % 227018 O3 4. 088 4 40087E 02 4.735348 03
12 ~8.38837E ¢ -8 1.04332¢ oA 4. 887 v.0t12148 Q4 3 Vi8reE 02
§ 83006E 02 -4 2.57030¢ oA 11.327 1 88152E 08 §. 7887 ¢ ¢)
. T8218F ©OF . -3 4. T88348F ¢3 T 7Y 1.08382% o3 11017788 O
2 © osc 2 etg80E ©2F 3. 1 903208 03 0.442 ¢ 8883382 02 3 188708 02
2. o o1 2. aagast o1 1 ] 4.02188¢ o0 ©.001 3 BOY43E OO 1.143738-01
1 3.83% 1. 2180AE 04 2 7 _G0I08E _O4 33 a5 7T 8481198 o8 2 77483k ©1
3 - BAkA] 3 TR2$7E G2 2. V7738 62 5. 088 k2 ] € 02 -1 TSHENE &1
. °. 238 7.2905008 02 3. 3.22188¢ o2 o 182 3 12 & o2 s 488878 OO
3. ©°. J.018128 e 1.832388 O . 008 v sSaast T 774978 GO
1. 018888 o 1.200788 8. 239108 o1 $.380120E 03 2 3 _Isoset 1 §903%E O3
"»".OII (-] 7 12s88t 9. 2080382 1‘!1!09! L3 1. 038178 )
24 2.2813%L 03 t.008 2.28910¢ ©) 2.22870K 01 24 1.8 T4k 02 o oss T 08083¢ 02
28 1.440788 O & 349 1 3888k o4 5 43430EF 02 28 $.33182¢8 O3 2 330 [ ] 4 884818 ©3
it 4§83 O3 .03 3 OTTITE O3 1. %2944 83 I8 [ ] a 2858 & 4§08 O3
27 8.38373% 02 0.370 3.843712 02 4.88002¢ 02 29 1. S 000 t °
28 4 2.008 4 331800 02 1.88080F 22 28 -3 - 000 -3 o
29 $ ©.28%8 &. 838042 01 8 21338E 02 29 3 o 002 1 2 410728 o0
. N N VY ORVEMIE O
POTENTIAL ENERCY BF SPRINEGS
SPRING POTENTIAL PERCENTY » SPRING POTENTIAL PERCENY - SPRING raTENTIAL PERCENT
nuMsER RNERGY s HUmBER ENERCY - NUMBER ENERGY
E) T IS UeT &% . L] $.TYITIE O 2843 J L V. BTIBRY 08 T 378
t st 3 14836E ©3 . 1 T 778888 © 143 . s S 2a888FK C2 0.278
' 2 2 .8333%¢ ©3 L L B} 3 1.822 L] 10) 7.380138 00 ©.003
l [ 3] 1 43473 02 * 83 L] V. 9032 » 102 $ 089%0k O 0. .03
onn? 19
OF-\
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PO SLTSTT

100 NAME= / SJ CLINE DATE 12-14-82 /)

110 ADDRES= / BLDG 300 MAIL DROP H36  EXT 513-243-9912’.

120 IDENT1= / EEE-TIB [CLS TRANSIENT ANALYSIS - BASELINE TETRA MODEL’
T3U TDENTZ= RUN &5 TIME U.0 TO U.20 SEC, SOUDU GM-TN UNBALC AT FAN
140 $ END ’
150 SLIST2

160 TITLE= ’ EEE-ICLS LP ROTOR SUBSYSTEM VERTICAL

Y70 ISU8= 7T,

180 XREF= 0. .
180 YREF= 0. ,

194

200 ZREF = Q. ,
220 1, -166.991, 0. . 0. )
230 2, -177.985, 0. , 0. R
240 3, -172.1%6, 0. . o. .
250 4, -183.778B, 0. A 0. s
260 5, -230.808, C. ’ 0. ,
270 6, -263.325, 0. . 0. .
280 7, -269.475, 0. . 0. .
290 B, -262.7115, [+ N . A
300 9, -269. 995, 0. R 0. ,
310 10, -278.335, 0. . 0. ,
320 XMODES=
B3I S52.6, J.70183E OV, o, T,
340 61.7, 4.25950E 01, 0., 1,
330 1272.9, 1.17380E 04, 0., O,
360 2846. 95, 1.14103E 09, 0., O,
370 BT2T. 71, . E 04, 0., 0,
380 16218.1Y, 3.86391E 05, 0., 0,
390 28087.8, 1.008%53E 06, 0., O,
400 37651.0, 3.04509E 06, 0., O,
T, 3 B 0., O,
420 4314%5.7, 7.%54853E 06, 0., O,
430 S0931.1, 4.2S5313E 06, 0., 0O,
440 $7298.0, 1.36383E 07, 0., O,
.3, ) 38 07, 0., 0,
460 87068.4, 8.70691E 06, 0., O,
470 VH{1,1,1)= )
480 -9.01170E-01, 1.00744E-02, -7.78847E 00, -8.3%5686E 01,

cct ’

S00 -8.50%588E-01, 9.78894E-03, 8.50%588E Ot, ~9.41513E-07,
S10 -6.213635E-01, 1.00637E-02, -7.09100E 00, -2.73612E 02,
$20 -2.59143E-01, 1,00470E-02, -4.4%53205 00, ~-7.94277E 01,
. -02, . E-02, 0. ’ 0. s
840 1.29294E-0t, 1.00467E-02, -1.29294E 01, -3.20063E-07,
830 5.83471E-02, 1.00473E-02, 0. s O. ,
860 1.34119E-01, 1.00474E-02, -2.39527E 00, -1.95149E 0%,
. -01, . -02, -9. -08, C. ,
580 VH(1,1,2)=
390 9.9%5809E-02, 7.94191E-03, 2.29829E 00, 4.16402E 01,
600 1.86895E-01, 7.94184E-03, 4.06959€E-08, 1,01847E-06,
. -01, . -03, -1.4 s . E-Q7,
620 3.20213E-01, 7.93711E-03, -1.33332E-01, -1.67%524E 02,
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630 8.0590SE-01, 7.92319E-03, -3.63481E 00, -1.01332E 02,
640 8.63460E-01, 7.92235L-03, 0. ) 0. R
630 9.12188E-01, 7.9222%E-03, -9.12188E 01, -1.84191E-086,
660 8.30892E-01, 8.51566€E-03, 0. 0. .
WU—WWWL 1)1 7. 735326 0F,
680 9.89015E-01, 8.513568E-03, 6.52911E-08, 1.09208E-06,
690 VH(1,1,3)=
700 6.01305E-02, ~3.40098E-02, -1.40174E 03, -5.00992E 04,
7YYo —=3.0636aE~-0T, =3.402T7E-0U2, ~2. 79200E-0a T 6.92826E-03,
720 -1.07168E-01, ~3.39926E-02, 1.07167E 01, 7.20209E-06,
730 -7.61193E-01, -2.23152E£-02, $.46354E 01, 3.685218E 0S,
740 ~-9.07406E-01, 1.2'S41E-02, 3.12701E 03, 3.24192€ 095,
-T. - N b= » . 3 U. ’
1760 9.49461E-02, 3.%59921E-02, -9,49461E 00, 1.64279E-05,
770 -1.76347E-01, 3.7320BE-02, 0. R 0. .
780 1.16228E-01, 3.73088E-02, 3.01370E 02, 6.27325E 04,

790 &.2929TEOT, 3. 73T82E-0UZ,  ©6.B4B29E-0S,  S.eev8ve-oa,

800 VH(1,1,4)=
810 8.10259E-02,
820 4.74167E-01,

3.54076E-02,
3.56062E-02,

1.16643E 04,
4.94044E-04,

3.02215E 09,
8.82395E-03,

T -

840 $.71814E-01, -4 81938E- 03 -3.70529E 04, -1.00471E 06,
850 -6.19833E-01, -3.47851E-02, -3.90910E 04, 4,%53693E 03,
860 -6.35166E-01, 6.75855E-02, 0. 0. N
17U'"'1?1953UE_UT““177591SE‘UE"“‘z”TBSGUE‘UI, =T.6372UE-04,
880 -7.81359€-01, 8.00184E-0G2, 0. 0. .
890 -1.52295E-01, 7.99184E-02, 3.22834E 04, -7.79195E 03,
900 5.209335-01. 7.996965-02, 1.58574E-03, 1.10721E-02,
PTO VATT, T, 57
920 -4,09414E-02, -6.61501E-03, -2.48800E 04, -8.398%1E 0%,
930 ~1.209988E-017, -6.,97884E-03, -9,57468E-04, 4,.65526€E-03,
940 -7.31233E-02, -6.41629E-03, 7.31247E 00, 9.73414E-085,
SO0 3. 79933E-07, 3. 0, : 4F U4, 3.00U090E US,
960 9,.19192E-01, ~-1.7%5669E-02, -2.66863E 04, -7.60902E 035,
970 -6.58489E-02, -1.37342E£-03, 0. , 0.
980 ~7.45064E-02, -1.40134E-03, 7.4S068E 00, 2.27819E-04,
$YUTT =T 23090E-UT, ~Y. 35 /0IE-UT, U. ) U. 3
1000 -4.67938E-02, 9. 28994E - 03 4.085606E 04, -8.079S6E 0S5,
1010 3.39342E-02, 9.30818E-C: -1.48730€-03, 4,81962E-03,
1020 VH(1,1,6)=
02, ; EFDT, 8. 7569BE U4,  T.6/303E°0G,

t040 1.06847E-01, 4. 91303€E-03, -1.49622E-03, -1,00811E-01,
1050 $.71590E-02, 3.17839E-03, -5.71581E 00, 6.51842€E-04,
1060 -8.685%53E-01, -2.40783E-02, -1.08791E 05, 1,89873E 06,

; =oT, BE~ . x, -1.e8833aE°0G,
'1080 2.09490E-02, -1. 75943E 02 0. . 0. .
'1090 -8.87048E-02, -1.784%2€E-02, 8.87096E 00, 6.18443E-04,
1100 -9,10087E-02, 5.41985E 03, 0. , 0. ’

1120 1.18%582E-02, 5.26224E-03, -2.80764E-03, 2.053%9E-02,
1130 VH(1,1,7)=
1140 -1.948%0E-02, -9.20135E-04, -1.99605E 05, -3.71644E 06,
-g. -02, =3, =03, X =09, ~B.05717E-037,
1160 -2.02315E-02, -9.13397€E-09, 2.02313E 00, -1.11670E-03,
1170 5.28601E-01, -3.47161E-02, -1.62795E 08, ~3.46149E 06,
1180 -2.60317€-01, 8. 0832SE-02, 22649E 03, 1.08486E 06,
111“r"“'F1§!E73E‘UT""'2“35127E =02, o N U. .
1200 -1.43090E-01, -%.02994E-02, 1.43097E 01, -1.37415E-02,
1210 -9,.66081E-02, 3.871566-03, 0. ) 0. )
1220 -3.314792-02, 3.7%5433E-03, 4.%1257E 0S5, -5.04833E 06,
- UE-UF,; =Y. 12937E-03, 0. P

1240 VH(1,1,8)=

185
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1250 ~-8.99818E-02, -9.38703E-03, 3.498635E 06, 7.30779€ 07,
1260 9.20982E-01, 4.43920E-02, ~6.49035E-03, -3.525S89E-01,
1270 -2.04736E-01, -1.33217E-02, 2.047%6E Ot, -4,51168E-03,
12860 6.00505E-02, 2.4121CE-02, 1.57315E 08, ~-1.08044E 0S,
- ’ M ] . s . ’

1300 1.08426E-01, -2.8231°9E-02, 0. . 0. ,
1310 -7.39486E-02, -2.99528E-02, 7.393%58E 00, ~9,99%511E-04,
1320 -4.01606£-02, 4.67797E-04, 0. s 0. R

-e. < ’ . et = [ . N - s
1340 2.52738E-02, 4.77516E-04, 4.51006E-04, 1.18018E-02,
1350 VH(1,1,9)=
1360 3.76066E-02, 2.87132E-03, -7.256S6E 0S, -1.60832E 07,
T370 =T./&ZT153E-0T, 9'UT3T2E“U?""“‘2‘9T807E‘03—‘—“T'2TTE4: L' 2
1380 7.01237E-02, 2.8%323E-03, -7.01284E 00, 1.87689E-03,
1390 -2.43039E-01, ?7.44683E-02, $.05610E 05, 3.36087E 06,
1400 -7.94694E-01, -5.35415E-02, -2.56437E 0S5, 4 47523E 06,
TaT0 5.0ZJEIUETUT, =1 . 2875FE-UT, Lo s
1420 -3.32710E-01, -1.37709E-01, 3.32779E 01, -7 63690E- 04
1430 -1.91437g-01, -7.48542E-04, 0. .
1440 -3.570935-02, 1.59702E-03, 1.66874E 086, -9 89329E 06
TS0 T.S3IIYVE~TUT, T. 26X TJE-UX, 5. 7/5TT1E-03, L7 ,
1460 VH(1,1,10)=
1470 3, 18600E-03, 2.0258%5E-04, -3.76427E 04, -9.12978E 0S5,
1480 -8.27933E-03, -4.74530E-04, -7.316%59E-04, 2.30707E-02,
1500 ~-1.92289E-02, 1.01033E-02, 7.34515E 04, 3.51430€ 0S5,
1510 -1.18597E-01, -4.02847E-03, -6.83470E 03, 6.30525E 09,
1520 -1.70336E-01, -6.68409E-02, 0. , 0. ,

<5, 0T, =7. 07, : ) X =02,
1540 9.84692E-01, 3.82641:--02, 0. . 0. . ,
1850 1.745S7E-01, 1.072%8E~-02, -1.01333E 07, 1.42040E 07,
1560 -4.C1507E-01, 2.92743E-02, -2. 75060E-03, 3.52077E-01,
OS70 VALY, T, T1J=E
.1580 -1.83803E-02, -9.13R75E-04, 8.79889E 04, 3.22%583E 06,
1590 1.76645E-02, 1.48067E-03, 1.28286E-03, -1.82768E-01,
1600 -3.32046E-02, -1.22711£-04, 3.32139E 00, t.77996E-03,
TETD ~2. T9J6EE~0Z, 9"T9T52E‘U2“"”7’70295E‘05'“"‘T‘ZUF?TE‘UE’""‘-‘_‘
1620 7.40864E-01, -4.18277E-02, -3.68476E 05, -5 42963E 06,
1630 1.38860E-01, -7.601358E-02, 0.
1640 -3.8434%E-01, -8.76072£-02, 3.94376E 01, -1 33744E 01
TES0T - Z.564A7E-0Z, =1 30370E-02, T. B 0.
1660 -2,.07558E-02, -6.14449E-03, 1.34747€ 05, 2.38528E 07,
1670 3.47437E-01, -2.61423E-03, -2.47477E-02, -6.88631E-02,
1680 VH(1,1,12)= .

. 1 . 2 . [ . ’

1700 -9,83779€-03, -1.32%44E-03, -1.28773€E-02, -2.38399E-01,
1710 4,65963€E-02, -4.427B1E-095, -4.66054E 00, 8.75495E-03,
1720 1.73320E-01, 1.19283E-01, 1.10275€ C6, -4,05311E 09,
1740 -8.14515E-01, 6.91939E-02, 0. . 0. .
17%0 -4,22224€-01, 6.82724E-02, 4.22115E 01, -l 05964E-01,

1760

1780

3. 17365E-01 .
7.88442E-01,

1790 VH(1,1,13)=

1800
1820
1830
1840

1860

3.29643E-02,
-1.443067E-01,
4.57845E-01,
6.22903E-01,

2.74332E-02,

-4,58956E-02,

0,

"EBUUZE“UB““"EZ’UlE UB,

2.03371E-03, -8,89706E-02, 0. )
1.18168BE-03, 1.15892E 08, -4.675%59E 086,
2. -03, = 02, =7 SUGEUE-DZ,
-1.18870E-02, 1.44316E 01, 1.08613E-02,
' 32288BE-01, 1.40352E 06, -5,96954E 06,

. 26498E-02, 7.16325€E 03, -6.06684E 06,
- AE- 02, 0. s 0. s
-5 16429E-02, -2.74333E 00, -4.72134E-02,
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1870 -1,.2%038E-01, -3.75361E-02, 0. R 0. R
1880 1.79315E-01, ~9.86882E-04, -3.14418E 05, 6.31808E 07,
1890 -2.51881€E-01, 3.72113€-02, 9.31162E-03, 7.44929E-02,
1900 VH(1,1,14)=
Mt 02, 7. 958J0E-04, &4.95S67E US,  <6.250%aE 0%,
1920 1.77421E-02, -2.54281E-03, 4.68700E-02, -2.%50200E-01,
1930 9.80113E-03, -7.15012E-03, -9.80327E-01, 6.37044E-04,
1940 4,28386E-01, 2.20672E-02. 1.04682E 05, -1.07308E 07,
. =0T, =T. o7, =T " B L AT AL P —
1960 -6.%59824E-02, 1.61992E-02, o. s 0. P
1970 7.66610E-02, 2.43126E-02, -7.635710E 00, -3.79008E-02,
1980 1.55399E-01, 4.69702E-03, 0. , 0. B
B 2 . 3 . ’ . :
2000 8.40130E-02, 3.69431E£-03, 1.05644E-02, -8.4%5153E-02,
2010 SEND

2020 sLIST2 )
ZUIUTTILE® ’/ EEE-TCCS TP RUTOR SUSSYSTEMFORTZONTEL
2040 1SUBs 2, 2

2050 XREF= 0. ,
2060 YREF= 0. B
2070 ZREFY B s
2080 PTSs=
2090 1, -166,991, 0. R 0. R
2100 2, -177.985, 0. . 0. )
2T 3,7 -172. 7156, —U, 7 L* B P
2120 4, -194.778, 0. , 0. ,
2130 S, -230. 808, 0. . 0. )
2140 6, -263, 329, 0. R 0. N
4k 1'20 7, -269.475, U ; Lo A
2160 8, -262.115, 0. . 0. ,
2170 9, -269,995, 0. ) o. R
2180 10, ~278,335, 0. R 0. )
2790 XMOUEST
2200 52.6, 3.701%3E 01, o., 1,
2210 61.7, 4.2%59%50E J1%, 0., 1.
2220 1272.9, 1.17380E 04, 0., O,
z2230° 283%5. 5, T. TATOJE U9, o, U,
2240 8121.1, 8.12466E 04, 0., 0O,
2250 162:8.1, 3.86391E 05, ~n, 0,
2260 28097.8, 1.00853E 06, 2, 0,
L : 1013208 B AP+

2280 40193.1, 3.45996E 06, 0., O.
2290 4314%.7, 7.%548%3E 06, c., O,
2300 $0931.1, 4.2%313E 06, 0., 0O,
231057298, U, T. J6%83E U7, U., U,
2320 698020. 3, 1.08854E 07, 0., O,
2330 87068.4, 9.,70691E 06, 0., O,
2340 VH(1,1,1)=

L. : . N : : R
2360 -7.90414E-01, 1.00743E-02, -3.51826E-07, 2.45438E-06,
2370 ~8,50%588E-01, 9.78894E-03, 8.50588E 01, -9.41813€-07,
2380 -6.2136%E-01, 1.00637E-02, -7.08100E 00, -2.73612E 02,
ZIY0 T2 SBTAgEROT, Y. 00370 UT, LT ; =7. B
2400 6.73069E-02, 1.00467E-02, 0. , 0. .
2410 1.,29294E-01, 1.00467E-02, -1.29294E 01, -3.20065E-07,
2420 8,.83471E-02, 1.0047SE-02, 0. R 0. )
2430 1. 34TTRESDUY, T T.00Z7AE-07, T -2. ; T, A
2440 2.18317E-01, 1.00475E-02, -9.07141E-08, o. R
2450 VH(1,1,2)=
2460 9.9%809E-02, 7.94191E-09, 2.29829E 00, 4,16402E 01,
2470 T.B6895E-0T, 7. ~O9, ; -08, : =05,
2480 1.40598E-01, 7.5 181E-03, -1.40%98E 01, 1.24909E-07,

197
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2490 3.20213E-01, 7.937Y1E-03, -1.33332E-01, -1.67%524€ 02,
2%00 6.0S905E-01, 7.92319E-03, -3.6%481E 00, -1.01332E 02,
2510 8.63468E-01, 7.92235E-03, 0. ' 0. A
2320 9.12188E£-01, 7.92225%5€E-03, ~-9.12188E 01, -1.84191E-06,
WbTbBBh-UJ, . . L )
2540 9.17653E-01, 8.51563E-03, -3.00366E 01, 7.73%32€ 01,
2550 9.890135E-01, 8.515685-03, 6.52911E-08, 1.09208E-06,
2560 VH(1,1,3)s=
mg 02, =1.30T74E 07T, =%.00992E v,
2580 -3.06364E-01, -3.40417E-02, ~2.79200E-04, 6.92826E-03,
2590 -1.07168E-01, -3.39926E-02, 1.07167E 01, 7.20209E-06,
2600 -7.61193E-0|, -2.281%2E-02, 5.46354E 01, 3.8%5218E 05.
2610 -9.U74U06E-0T, T.21531E-02, I 1 Z270TE U3J, 3. 24192E U5,
2620 -1.26403E-01, 3.59897E-02, 0. . 0. .
2630 9.49461E-02, 3.59921E£-02, -9.49461E 00, 1 64279E-0S5,
2640 -1.76347E-01, 3.73208E-02, 0.

, -oT, . 02, Tﬂr‘___s €7325E Ua,
2660 4,29291E-01, 3.73182E-02, 6 84829E-05, 5.86181E-04,
2670 VH(1,1,4)=
2680 8. 10259E-02, 3.54076E-02, 1.16643E 04, 3.02215E 09,
!B9U""‘1‘7ZTBﬂ?1ﬂ""'1r3EUB2E'UZ""-Z'!ZUZZE“UZ“““U"BQEQGE-US.
2700 2.62342E-01, 3.%52978E-02, -2.62343E 01, -2.23729E-04,
2710 5.71814E-01, -4.91938E-03, ~3.70529E 04, =1.00471E 06,
2720 -6.196335-01, -3.476516-02, -3.90910E 04, 4.83685E 095,
2730 -6.35TB6BE-OT, 6. /958%5E-02, Lo} P 0. 5
2740 -2.19530E-01, 6.75916E-02, 2.19530E 01, -1.63720E-04,
2750 -7.813%59E-01, 8.00184E-02, 0. N 0. ,
2760 -1.5229%5E-01, 7.99184E-02, 3.22834E 04, -7.79195E 05,
2770 Y. 20933E-0T, 7. 99686E-02Z, T.S8574E -0U3J, T.TO7ZTE-DZ,
2780 VH(1,1,5)= .
2790 -4.09414E-02, -6.61501E-03, -2.48800E 04, -8.39851E 09,
2800 -1.20998E-01, -6.97884E-03, -9.57468E-04, 4,65526E-03,
2870 =7. 3TZ53E-U7Z, 5. 4TB2EE‘UG““‘?’EW?Z?E‘UU""‘S 734 T4E-US,
2820 3.79934E-01, 3.11414E-02, 7.73844E 04, 3.00090E 0S5,
2830 9.19192E-01, ~1.75669E-02, -2.66863E 04, -7.6C902E 05,
2840 -6.58489E-02, -1.37342E-03, 0. , 0.
1RRRT‘_‘17T13USZE‘U2—'_1ﬂT1UT?EEﬂﬁT“"7TZSUBBE‘UUT‘“‘1F!78T§E?Ua,
2860 -1.23090E-01, 9.36704E-03, 0. 0.
2870 -4,67938BE-02, 9.28994E-03, 4, 85606E 04. -8.07956E 05,
2880 3.39342E-02, 9.30818E-03, -1.48730E-03, 4.81962E-03,
2Z8I0 VH(T, T T,67=
2900 4.15366E-02, 3.75047E-03, 8.75698E 04, 1.67503E 06,
2910 1.06847E-01, 4,.91303E-03, -1.49622E-03, -1.00811E-01,
2920 5.71590E-02, 3.17839E-03, -5,71581E 00, 6.51942E-04,

-B. -07T, 2. JE-0Z, -Y.0B79TE U5, T. s
2940 7.96637E-01, 4,23875E-02, 7.44478E 04, -1.68834E 06,
2950 2.09480E-02, -1.75943E-02, 0. . 0.
2960 -8,87048E-02, -1.784%52E-02, 8.87096E 00, 8 18443E- 04
-9. - ) B ok -03, 0. »

2980 -3.90328E-02, $.28401E-03, 1.49345E 05, -2.015125 06,
2990 t.18%82€-02, $.26224E-03, -2.80764E-03, 2.053%59E-02,
3000 VH(1,1,7'=

. ) . ] . ) . ’
3020 -8,86451E-02, -3.59491E€-03, 7.70003E-04, -8.0%5717E-03,
3030 -2.02315€-02, -9.12397E-085, 2.02313E 00, -1.11670E-03,
3040 $.28601E-01, -3.47161E-02, -1.62795E 05, ~3,46149E 06,

. 1 . ’ . + . 3
3060 1.64673E-01, -4.86127E~-02, 0. . 0. .
5070 -1.43090E-01, -%5,.02994£-02, 1.43097E 01, -1.3741%5E-02,
3080 -9,66051E-02, 3.87156E-03, 0. R 0. )

. ) . A ] . ) . )
3100 2.2'4%87E-02, 3.%2160E-03, -1.12937€E-03, 0. ,
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3110 VH(1,1,8)s

3120 -8.59818E-02, -9.38703E-03, 3.49865E 06, 7.30779E 07,
3130 9.20982E-01, 4.43920E-02, -6.49035E-03, -3.528%9E-01,
3140 ~-2.04736E-01, -1.33217E-02, 2.047%6E 01, -4,.51168€E-03,
TS0 B.UUSUSE-UZ, — Z.3T2T0E-02, 1. S73TSE U, =T UBUAZEUY,
3160 -2.3393%€E-01, -1.58937E-03, 5.29473E 03, 1.24503€E 06,
3170 1.08426E-01, -2.82319E-02, 0. s 0. )
3180 -7.39486E-02, ~2.99528E-02, 7.383%B8E 00, -9.99511E-04,
YT -4, UTB06E~UZ, #6779 7E-0UT, Lo ) —U. B
3200 -8.68251E-03, 7.13972E-04, 3.10774€ 0S5, -2.46604E 06,
3210 2.52738E-02, 4.77516E-04, 4.61006E-04, 1.18018E-02,

3220 VH{1,1,9)=
3230-———‘3—75055E—U2-__'2‘B7T32E—UJ—_‘-7‘255552_CS——__1—3uuJz: o7,

TFRRT"""Z'UTSU?E—UT"_-‘Z_QZﬁﬂﬂ?TﬂT‘""?F750505 ticp
3440 VH(1,1,11)=

. weV/77e-071,

3240 -1.74183E-01, -9.01412E-03, -2.91807E-03, -1.21162E-01,
3250 7.01237E-02, 2.85323£-03, -7.01284E 00, 1.876895-03.
3260 -2.43039E-01, 7.44683E-02, 5.06610E 05, 3.36087E 086,
. ’ ] . ] . Ll
3280 5.04469E-01, -1,287%3E-01, 0. ) 0. '
3290 -3.32710E-01, -1.37709€-01%, 3.32778E 01, -7.63690E-04,
3300 -1.91437E-01, =7.48542E-04, 0. R 0. ’
. : . 1 . ’ . ]
3320 1.53290E-01, 1.26413E-04, - 5.773511E-03, 0. ,
3330 VH(1,1,10)=
3340 3. 18600E-03, 2.02585E-04, -3.76427€E 04, -9,12978E 05,
J[IITO W ; : I ; =7, ; ; ;
3360 $.49522E-03, 1.3994%5E-04, -5.49481E-01, ~8.94339E-04,
3370 -1.92289E-02, 1.01033E-02, 7.34515E 04, 3.51430E 05,
3380 -1.15597E-01, -4,02847E-03, -6.83470E 03, 6.30525E 09,
JJIVO =T, 7033CT -0, 5. OGIUSE-UT, Lo 8 5 0. N
3400 -6.45¢782-01, -7.70266E-02, 6.45796€ 01, 6.96078E-02,
3410 9.84342E-01, 3.82641E-02, 0. ) 0. )
3420 1.745%7E-01, 1.072%58E-02, -1.01333E 07, 1.42040E 07,
3
3
1

3450 ~l.eseoss-02, -9.13875E-04, 8.79889E 04, .22S83E 06,
3460 1.7A645E-02, 1.48067E-03, 1.28286E-03, -1.82768E-01,
VA7 T, . JZCIAGESVZ, T T 22/ T TEFDd, T 3. 32TISE O, 1. 779%eEOT,
3480 -2.19366E-02, -9,19182E-02, -7.7049%5E 05, -1.28171E 06,
3490 7.40864E-01, -4,18277€-02, -3,684 6E 05, -5.42963E 06,
3500 1.38860E-01, ~7.60158E-02, 0. R 0. ,
I/ -39 = -8, cE*® . N =T. oY,
3520 2.66447€E-02, -1.30370E- 02 0. , 0. R
3530 -2.075%8E-02, -6, 14449E-03, 1.34747E 05, 2.38528E 07,
3540 3.47437E-01, ~2.61423E-03, -2.47477€E-02, -6.88631E-02,
I5S0 URTT, T, T2T=E
3560 2.03852E-02, 8.91619E-04, -3.%5930%E 04, -3.02244E 06,
3370 -9.83779E-03, -1.32544E-03, -1.28773E-02, -2.38399E-01,
3580 4,.65963E-02, ~4.42781E-0%, -4, 66054E 00, 8.75495E-03,
. 2 . ] . [ 4 ]
3600 ~4,73618E-01, 9.06093E-02, 8.46144E 05, 3.75570E 06,
3610 ~8.14515E-01, 6.91939E-02, 0. , 0. R
3620 ~4.22224E-01, 6.82724E-02 4.2211%E 01, -1.05964E-01,
1nRnT‘"‘ﬁ?’T?EBSE’UT"*"Z‘SB95BE Uz U. ) o8 s
3640 -1.27589E-01, -1,93337E-02, -1.68304E 06, 1.22781E 08,
3650 7.88442E-01, 2.03371E-03, -8.89706E-02, 0. ’
3660 VH(1,1,13)=
¥} 5 ] [ . s
3680 -3 T6463E-04, «2.01534E-03, -2.08401E-02, -6.80660E~-02,
3690 -1,44307E- Ol. -1.18870E-02, 1.44316E O}V, 1.09613E-02,
3700 4.37845E-01, 1.32#808E-01, 1.403%2E 06, -5.96954E 06,
WIYO T 6. 22Y0JE-UT, . -0g, ; L/ -5, )
3720 3.27570E-01, -4 ,.34824E-02, 0. R 0. ’

199
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3730 2.74332E-02, -8.16429E-02, -2.74333E 00, ~4.72134E-02,
3740 -1.25038E-01, -3.75%561E-02, 0. . 0. R
3750 1.79515E-01, -9.86882E-04, -3.14419€ 083, 6.31808E 07,
3760 -2.%1881FE-01, 3.72113E-02, 8.31162E-03, 7.44929E-02,
770 VHLT, T, 147"
3780 2.40046E-02, 7.55830E-04, 4.95567E 05, -6.25034E 06,
3730 V1.77421E-02, -2.%54281E-03, 4. 68700E-02, -2.50200E-01,
3800 9.80113E-03, -7.15012E-03, -9.8N327E-01, 6.37044E-04,
BBTU T 4. Z8ICGEEUT,T 2. 20672E-0T, T U y =T. U7,
3820 4.11269E-01, -1.06370E-01, -1.60979E 0€, -4.42671E 06,
3830 -6.59824E-02, 1.619925-02, 0. » o. )
3840 7.66610E-02, 2.43126E-02, -7.65710E 00, -3, 79008E-02,
JESU— 1. 55JIYYE-UT, 4, 6970CE~UT, 1o 18 B . B
3860 -1.61208E-01, -1.49924E£-03, 2.22851E 06, 1.94000E 07,
3870 8.40130E-02, 3.69431E-03, 1.05644E-02, -8.45193E-02,
3880 $ENDO
TIBIYOSTCISTZ
3900 TITLE= ‘EEE-ICLS CORE ROTOR SUBSYSTEM VERTICAL ’)
3910 'SuUB= 4,
3920 XREF= 0. ,
3930 YREF = L2 3
3940 ZREF= 0. ,
3950 PTSs
3960 1, ~-201,040, 0. , 0. B
3970 TZ, ~207.670, v ; L' ;
3980 13, -217.010, 0. . 0. ,
3990 14, -223. 000, 0. , 0. B
4000 19, -228.010, 0, , 0. B
070 16, -235.070, L*n s o B
4020 17, -238.395, 0. . 0. ’
4030 18, -2%0.865, 0. . 0. P
4040 19, -25%. 465, 0. , 0. N
A0S0 20, -263. 325, o8 ) U. P
4060 XMODES=
4070 73.0, 6.42149E 01, -34.6, 1.,
4080 138.9, 5.60683E 01, -34.6, 1,
‘A‘UQU’“‘T'EZSB"BT“TSEZM. U,
4100 29833.1, 2.36088E 06, -34.6, O,
4110 38775.0, 1.86112€ 06, -34.6, O,
4120 51786.9, 1.2W177E 07, -34.6, O,
aT30 669715, 7, 4. 5372807, =336, U,
4140 74533.8, 1.15269E 07, -34.6, O,
4150 87882.3, 3.56812E 07, -34.6, O,
4160 VH(1,1,1)=
1”1Tr‘~“3‘33bs7h-01, =7, AYBSZE-UT, -5, 3J097E UT, L' R B
4180 -5.82818E-01, -7.49787E-03, -4.40922E 01, 3.379I13E 02,
4190 -6,%52843E-01, ~7.49614E-03, -3.71%0C% 01, 7.36234E 02,
4200 -6.97746E-01, =7.49842E-03, -3.41078E 01, 9.816S1E 02,
FA2TO -7, 3529BE-UT, =7 . 495T7E-0T, o | .bszm 0T,
4220 ~7.88214E-01, -7.4348B1E-03, 1.94916E 00, 1.17532E 03,
4230 -8.13140E-01, -7.49314E-03, 8.21044E 00, 1.16859E 03,
4240 -9,06885E-01, -7.80176E-03, 2.07377E 01, 1.00899E 03,
WMMDS_EW oT, 7. 69T 75E UZ,
4260 -1.00000E 00, -7.49982E-03, 1.00000E 02, 0. A
4270 VH(1,1,2)=
4280 9.342745-01, -2.29811E-02, 9, 34274E 01, 0.
. = ’ = = » - Uz:
4300 $.672%3E-01, -2.29844E-02, 1. 993175 01 -7 95917E 02,
4310 4,293574E-01, -2.30125E-02, 1.19206E 01, -8,79679E 02,
4320 3.14280E-01, -2.30127€E-02, ~1.95760E Ol, -7.97036E 02,
. - B 4 - B -3, B -9. e Ud,
4340 7.52894E-02, -2.30133E£-02, -3.99123€ 01, -4, 0335%53E 02,



O : 3

OF POU" l.u,“_j rY

4330 -2.11703E-01, -2.30138E£-02, -3.47173E 01, 1.12434% 02,
4360 -3.17866E-01, -2.30137E-02, 4. 30570E OV, 3.60344E 02,
4370 ~4,98446E-01, -2.30130E-02, 4.98446E 01, -6.70156E-06,
4380 VH(1,1,3)=
‘139U—"—'8‘6U555E’UT"——?!TB?ZTBE?UZT"‘—ﬂTBOBSSE—U1, - "
4400 5.30890E-01, -4, 3558B2E-02, ~5,24815E 05, 2.35181E 06,
4410 9.04046E-02, -3.187S50E-02, -6.34752€ 05, 8.238B14E 06,
4420 -1.6%5104E-01, -2.40587E-02, -6.2%575%E 0S5, 1.22%29E 07,
230 =2 . YIJ76E-TDT, =2.U868ZE- 02, =3. IJ7B2TE TS, T S7873E07;
4440 -4,38020E-01, -1.55S000E-02, 1.57187E 05, 1.78183E 07,
4450 -%.72323E-01, 8,57732E-03, 3.79120E 0S5, 1.71839E 07
4460 ~2.87347E-02, 4,.78B677E-02, $.80522E 0S8, 1.046%52€E 7,
3870 <. S TISIETVT, B2 TAIIE-US, I.UbUb‘?E_US-‘—FUW'ZF"WQT‘
4480 6.66847E-01, $,22496E-02, -6.667%3E O, -1.55944E-0"
4490 VH(1,1,4)=
4500 -7.378%9E-01, 9.16%578E-02, -7.37859E 01, 0.
13TU—_"’T‘2TU5BE“UT—"“‘7’365355—02“"'8"55278E—U5—“”79‘UBS7QE‘JE“‘—“‘—‘_‘
4520 3.0%5388E-~01, 2.50448E-02, 4,40018E 05, -1.82636E 07,
48390 3.96130E-01, 7.26918E-03, 1.77827E 05, -2.058%56F 07,
4540 3.67500E~01, 1.486115-03, -1.33733E 06, -1.86133C¢ 07,
; S 2. U3, =Z. 7 5. (N ¢ | -

4560 5.09474E-02, 1.361%52€E-02, -2.53286E 06, 1.74985E 06,
4%70 -3.09766E-01, $.476%6E-02, -1.86938E 06, 2.94465E 07,
4580 -2.19913E-03, 6, 38095E-02, 1.80429E 085, 1.57F49E 06,
JJY0 5. TUO9JIE~UT, 5. 465003E-0Z2, =S TOYTZE OT, g, Jh787EF0T,
4600 VH(1,1,5)=
4610 8, 90220E-01, -1.43280E-01, 5.90220€ 01, 0. R
4620 -3.48822E-01, -1.10764E-01, 2.41619E CS, 1.80SS0E 07,
1ﬂEnT“—_'2_7G298E”UT‘“‘1?1”117E‘U$‘““'1‘330a1t U6, T.S1&6TE U7,
4640 2.68899E~02, $.83548E-03, 1.47381E 06, 6.61763E 06,
4650 1.44667E-01, 8.18295%E-03, 8.21430E 05, -1.64368E 06,
4660 2.31016E-01, 6.838%2E-123, -6.5137SE 085, -5.95%549E 06,
1&5&7“"2‘3352TE‘UT“”“S’U9305?‘U3““'T‘T5§72E"05 -3, 9350U5E U6,
4680 -8.74141€-02, 1.35132E-02, -1.15614E 05, 1.14515E 07,
4690 -2.02169E-02, 1.6648B8E-02, 5.38064E 04, 6.06043E 0%,
4700 1.14652E-01, 1.70671E-02, =-1.14703E 01, 0 s
7T VAT, 1T,67F
4720 4,49449E-01, 7.29916E-02, 4.49449F 01, 0. )
~730 8.42540E-01, 7.91258€£-02, -5.81228E 06, -7.03927E 06,
4740 -4.%51855E-01, 2.76093E-02, -5.00784E 06, 4.37360E 07,
qA7S0 T T8 TBYTGESDT, 6.5 707BE-CZ, - 3. 53ISYE UL, 6. 6229SE U,
4760 -3.77802E-01, 7.99993E-02, 3.36988E 06, 3.50489E 07,
47790 4,82792E-01, 8.403J1E-02, 7.41345E 05, -2.10483E 07,
478C . 9.24794E-01, 4.62960E-02, -2.73891E 06, -2.76418E 07,
780 - 7. 8092TE-0Z,  2.34TB2E-UZ,  -4.%3748BE U5,  Z2.UBY0OUE 07,
4800 -1,39705E-01, 2.45559E-02, -1.32174E 05, 6.28306E 0S5,
4810 $,35682E-02, 2.61569E-02, -5.33C76E 00, 3.11285E-01,
4820 VH(1,1,7)=

-7. -0Z, 73770E-0Z,  -7.33964E U0, O, 3
4840 2.63812E~01, 3.16223E-02, -2.14157E 06, -1.85713E 07,
4850 -4,92225E-01, -3.33922E-02, 1.36776E 06, 1.03778E 07,
4860 -2.27735E-01, -2.17793E-02, 2.91747E NG, 1.06531E 06,

5. 02, = .GTG?SETU2—"-_STEZZSUE—UBT““":QT'SEGUE-UG___-—__“"“
4080 2.06111E-01, -2.%56275E-02, 2.74223E 06, -2.98152E 07,
4890 4.76695E-01, -9.43368E-02, -2.97868E 05, -2.43595E 07,
4900 -9.51353E-01, -1.186%1E-01, 6. 74165E 06, 1.82991E 05,

X -oT, -2 02, 3 7T352E° 0%, T1.VUSBZE U7,

4920 8.41534E-01, -3.84235E-02, -8,42220E 01, 1.24341E 00,
4930 VH(1,1,8)=
4940 -1.67039E-01, 1.05058E-01, -1.67039E 0%, 0. ’
AGS0 4. 378GAETUT, 4. 3ATATIE-0Z, -3 18%8 N -2. ) -
4960 ~8.408%2E-01, -7 393T0E-02, 5.854783E 06, 2.20893€E 07,

201
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4970 3.62518E-02, -4 669 3E-02. 7.99166E 06, -1.02662E 07,
4980 2.18892€E-01, -4,.13407E-02, 4. 1864€E 06, -1.00619€ 07,
4990 1.09423E-01, -4.46193E-02, -4.96671E 05, 9.82857E 06,
3000 -1,34157E-01, -2.43627E-02, 4,.52692E 093, |.64E59E 07,
1nnTr""1‘1T5TUE‘UT""‘T‘26883E'UE""‘2“387§7E‘05““"B‘SU%&TE‘UE"“""““
Sc20 -8.54912E-02, 4,782%6E-03, -3.90042E 05, ~9.389%4E 05,
<030 -6.06280E-02, 6.08836E-03, 6.07313E 00, 0. )
S040 VH(1,1,9)=
<o. =uT, . -U<s, o, ur, v, 2
S060 -2.60268E-01, -7.60908E-02, 8.8 - 22E 06, -4.83259E 06,
5070 $.27403E-01, -8.79504E-02, -1.4%,62E 06, -2.41834E 07,
5080 ~4,29874E-01%, ~1.03701E-01, -1.39952E 06, 9.63344E 06,
1“”!7‘“"73‘50773t-01, =8 7/ 136E-02, v.b//vUE'U7"‘—“U'BSISSE o7,
5100 4.15607E-01, -7.00149E-02, 1.34%840E 07, 4.59046E 07,
S110 9.20265E-01, -1.32882E-01, 3.39450€ 06, 3.81122€ 07,
5120 8.33952E-02, 1.32201E-02, -3.390%56E 06, 6.88529E 07,
STI0 -T.U6/TaE - UT, 3. TS9SSE-UZ, — 5.2208%6E U7, A F2T73E UG,
5140 1.64784E-01, 3.709%58E-C2, -1.64158E 01, 0. ,
S150 $END
S160 SLIST2
STTOTITCE® ‘ EEESTCCS CORE RUTOR SUBSYSTEN KORTZONTAL
5180 1S''3= 5, ?
$190 XREF= o. .
$200 YREF= 0. B
B2TU ZREF= ¢ s
5220 PTS=
5230 11, -201.040, 0. B 0. B
$240 12, -207.670, 0. R 0. B
5250 T3, -<17.010, Lo N U :
5260 14, -223.000, 0. P 0. .
8270 18, -228.010, o. . 0. .
3280 16, -23%.070, 0. , 0. ,
$290 17, -238.39%, . ) o 5
5300 18, -2%0,865, 0. , 0. )
5310 19, -255,465, 0. , 0. ,
$320 20, -263, 325, 0. y 0. '
BITU XMUUES =
5340 73.0, 6.42149E D, -34.6, 1,
5350 138.9, 5.60683E ., -34.6. 1V,
3360 16458.92, 7.856231E )&, -34.6, O,
$I70 2T 3. T,  2.J80UBBE 0%, -34.5, U,
5380 387:.,.0, 1.86112E 06, -34.6, O,
3390 $1786.9, 1.21177E 07, -34.6, 0,
5400 66915.7, 4,%3872E 07, -34.6, O,
R:P T TSZ60E U7, “833e, O,
5420 87882.3, 3.56812E 07, -34.6, O,
8430 VH(1,1,1)=
5440 -%5.33097E-01, -7.49852E-03, -%.33097E 01, 0.
=, = 3 A - ’ TR, ] uz:
8460 -6.%52843E-01, -7.49614E-093, -3.71500E 01, 7 362348 0z,
5470 -6,97746E-01, -7.49542E-03, -3.41078E 01, 9.516%1E 02,
8480 -7.35298E-01, -7.49%17€E-03, -1.69262£ 01, 1.CS199E 03,
B490 =7.BB2T3T-01 -7.4§ZBTE'tEf‘""‘T‘EZETBE‘UU"““W’T?532E‘U3}
8500 -8, 12140E-01, -7.49314E-03, 8.21044E 00, 1.168%9E 03,
3310 -9,06555E-01, -7.50176E-03, 2.07877E Of . 1.00899E 03.
5820 -9.41056E-01, -7.%50118E-03, 9.54578E 01 7.69175E 02,
=T R o7, . ; oD ;
8840 VH(1,1,2)=
U350 9.34274E-01, -~2.298611€-02, 8.34274E 01, L. s
3560 7.81918E-01, ~2.298B20E-02, 4.4%481E OIL_ -4.71862E 0§L7
. = 3 “al. - ) . " s, ’
5580 4.29374E-01, -2.3012%E-02, 1.19206E 11, -8.79679E 02,
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-7.80921E-02,

6200 VH(1,1,8)s

6080 5.35682E-02, 2.61569E-02,
6090 VH(1,1,7)=

6100 -7.33964E-02, 8.73770E-02,
LiAL) ; =0T, 3E-
6120 -4.92225E-01, -3.33922E- 02
6130 -2.2773%E-01, -2.17793E-02,
6140 -6.37101E-02, -1.81685E-02,
G150 Z2.061TTE-OT, Z. -02Z,
6160 4.7669LE-01, -9.4336BE-02,
6170 -9.513%3E-01, -1.186S%1E-01,
6180 9.37632E-01

2,44162E-02,

-2.89198E-02,

-4.69748E 06,

-5.33076E 00,

-7.33964E 00,

1.36776E 06,
2.91747E 06,
5. 64458E 06,

-2.97868E 0S.
6.74165€ 06,
3.71952E 06,

$390 3.14280E-01, -2.30127€-02, -1.95760E 01, -7.87036E 02,
3600 1.51807E-01, -2.30129E-02, -3.76326E 01, -5.4%828E 02,
3610 7.52894E-02, -2.30133E-02, -3.99123E 01, -4.03853E 02,
5620 -2.11703E-01, -2.30138E-02, -3.47173E 01, 1.12434E 02,
=7, -oT, =z =vZ, oT, —3 GU3AAE U7,
35640 -4,.98446E-01, -2.30130E-02, 4. 984465 o1, -6.70156E-06,
S$650 VH(1,1,3)=
5660 8.60656E-01, -4.87216E-02, 8.60656E 01, 0. R
5680 9.04046E-02, -3.187S0E-02, -6.3475SZE 05, 8.23814E 06,
%690 -1.65104E-01, -2.40587E-02, -6.25755E 093, 1.22%529€ 07,
$700 -2.93376E-01, -2.08682E-02, -3.37321€E 0S. 1.57874E 07,
f37TU————'1_3UU2UE'UT—"—_T—35UUUE-U2____1—57TU7E_US_“'—'T"7UT83E o7,
$720 -8.72323E-01, 8.57732E-03, 3.79120E 0S5, 1.71839E 07,
$730 -2.87347E-02, 4.78677E-02, $.803822E 095, 1.04652E 07,
5740 2.319S3E-01, $.21433E-02, 1.03506%E 0S5, 6.05626E OS5,
; = " < 5. ; T ZE-0T,
5760 VM(1,1,4)=
$770 -7.378%8E-01, 9. 16578E-02, -7.37889E 01, 0. .
$780 -1.21036E-01, 7.36535E-02, 8.5%5278E 05, -9.04679E 06,
1ﬁEnT—_—_3—U538BE—UT__"-‘2_5U33BE_U2———“-Z‘ZUUTEE”US“““T‘B?S?GE 07,
3800 3.96130E-01, 7.26918E-03, 1.77827€E 05, -2.05856E 07,
S810 3.67S00E-01, 1.48611E-03, -1.33733E 06, -1.86133E 07,
3820 2.15195E-0|, -2.685%1E-03, -2.43527€ 06, -6.08738E 06,
[SB30 —  S.U9Z73E-02,  T1T.3CTS2E-02, -Z.53286E UG,  1.73985t ve,
3840 -3.09766E-01, $.47656E-02, -1.86935E C6, 2.94465E 07,
$8%50 -2.19913E-03, 6.3809%5E-02, 1.80429E 0S, 1.57849E 0o,
5860 $.10593E-01, 6.46503E-02, -5.10912E 0%, -4 ,38787E-01,
[(S870 VATT, 1, 57)=
5880 $.90220€-01, -1.43280E-01, $.90220E 0t, 0. . R
5890 -3.48822E-01, -1.10764E-01, 2.41619€ 05, 1.808S0E 07,
$900 -2.76298E-01, -9.81117E-03, 1.33081E 06, 1.51261E 07,
5920 1.44667E-C!1, 8. 18295E-03, 8.21430E 05, -1.64368E 06,
$930 2.31016E-0%, 6.83832E-03, -6.5137%E 0S5, -5.95549E 06,
5940 2.33641E-01, $.09406E-03, -1.15372E 06, -3.93505E 06,
~B. ~0Z, ; -0Z, =T ; 1. T3515E 07,
$960 -2.CT169E-02, 1.66488E-02, 5.38064E 04, 6.06043E 09,
3970 1.14652E-01, 1.70671E-02, -1.14703E 01, 0. »
$980 VH(1,1,6)=
. =oT, =07, 329439 0T, U. 5
6000 8.42340E-01, 7 912%8E-02, -5.81228E 06, -7.03927E 06,
6010 -4.518%55E-01, 2.76093E-02, -5.00784E 06, 4.37360E 07,
6020 -8.18916E-01, 6.%570786E-02, -3.533%59E 06, 6.62295E 07,
- - ’ ‘E- 3. , 071
6040 4.82792E-01, 8. 40301E 02 7.41345E 0S5, -2 10483E 07,
6050 9.24794E-01, 4.62960E-02, -2.73891E 06, -2.76418E 07,

2.08900F 07,
3.11285F-01,

0,

- o7
1.03778E 07,
1.06571E 06,

-9.265 £ 06,

-2. e 07,
-2.43593E 07,
1.82991E 09,

1.10882E 07,
. 00,
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6210  -1.67039E-01, 1.0S0S8E-01, ~-1.67038E O1, 0. .
6220 4.37864E-01, 4.34143E-02, -4.18%68E 06, -2.73474E 07,
6230  -9.40852E-01,  -7.393%0E-02, 5.84783E 06, 2.20893E 07,
5240 3.62518E-02, -4.66913E-02, 7.99166E 06,  -1.02662E 07,
; ot = U2 ; " 2 o7
6260 1.09423E-01, -4.46193E-02, -4.96671E OS5, 9.52557E 06,
6270  -1.34157E-01,  -2.43627E-02. 4.52692E 05, 1.64859E 07,
6280 1.11610E-01, ). 26883E-02, 2.88797€ 05, 6.50361E 06,
-8 - N N ~1y, -J. 3 9. ’
6300  -6.06280E-02, 6.08836E-03, 6.07513E 00, 0. .
6310 VH(1,1,9)=
6320  -6.98175E-01,  4.79252E-02, -6.9817SE 01, 0. ,
6340 §.27403E-01,  -8.79504E-02. -1.45762E 06, =-2.41834E 07,
6350  -4.29874E-01.  -1.03701E-01, -1.3995ZE 06, 9.63344E 06,
6360  -5.S0775E-01.  -8.77136E-02. 1.67718E 07, 8.95469E 07,
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6370 4. 19607E=0T, =7.00TI9E~UZ, T JASAVE U7, #. SY9UABE U7,

6380 9.20265E-01, -1.32892E-01, 3.39450E 06, 3.81122E 07,
6390 5.33952E-02, 1 .32201E-02, -3.39056E 06, 6.88529€E 07,
6400 -1.06?14E-01, 3. 15985E-02, $.22086E 04, 4.42173E 06,
'SzTU—‘*‘—T‘5Z78ZE?Tn_""13‘7UQSBE‘UZ“‘—‘T‘E!TSUE‘UT‘ L'B )
6420 $END

6430 SLIST2 :

6440 TITLE= ’EEE-1CLS STATIC STRUCTURE SUBSYSTEM VERTICALQ

SASUT TSUBT 7,

6460 XREF= o. s

6470 YREF= O. .
6480 ZREF= o. ,

A0 PTST
6500 21, -166.901, 0. . 0. ,
6510 22, -177.4%55, 0. ' 0. y
6520 23, -207.630, 0. B 0. N
©SI0 24, -217.005, o 8 p O 3
6540 25, -223.015, 0.. . 0. .
6550 26, -228.105, 0. , 0. ,
63569 27, -234,%550, O. R 0. .
B570 T 28, -237.971%5, U. N U. N
6580 29, -250.915, 0. , 0. ,
6590 30, -25%5.5995, 0. N 0. A
6600 31, -262.2685, 0. . 0. .
BH10 32, -270.245, 0. ) U. "
6620 33, ~-278.8575, 0. , 0. .
6630 34, -172.156, 0. . 0. ,
6640 33, -194,778, 0. B Q. )
B30 96, -201,040, Lo )8 3 0. A
6660 37, -259.47S, 0. . 0. ,
6670 XMODES:=
6680 718.1, 2.19719E 04, 15., 1,
©Bo80 1320.9, Z.885G/E o4, 18,1,
6700 43%1.0, 1.%52823E 05, 1., 0O,
6710 83541 .4, 4.25%520E 08, 1S., 0O,
6720 11476 .1, 1.8590S7€E 06, 15., 0,
g, ; X 5., O,
6740 17010.9, 4.3%5692E 06, 18., o0,
6750 18937.3, 1.36996E 06, 1., O,
6760 212%4.7, 2.2%%565E 06, 18., O,
B770 24718. %, Z£.40308Bt U6, S 0,
6780 27767.5, 1.9915%5E 06, 1., O,
6790 28989.2, 2.403%0E 06, 18., O,
6800 316862. 95, 9.04811E C6, 18., O,
3, ; TE 07, 1S., 0,
6820 39415.9, 3.10641E 07, 15., O,
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6830 43312.3, 1.44%36E 07, 1., 0O,
6840 46780.5, 3.11669E 07, 18., O,
6830 $50137.3, 3.79795E 07, 1., o0,
6860 8$3499.2, 7.37532E 06, 15., O,
B87U0 " S4AY0U. W, T.S02T3E U7, 5., U,
6880 59089.0, 4.92561E 06, 1., 9,
6690 63233.4, 2.09262€ 07, 18., O,
6900 71143.9, 1.7171SE 08, 15., 0O,
BITT 7A307.5, J.53732¢ 07, 5., U,
6920 75901 .1, 6.22727E 07, 15., O,
6930 76633.7, 2.18732€ 07, 15., O,
€940 78499.1, 2.18467E 08, 1., O,
BYISU VHU T, T, 1I1=
6960 9.22622E-01, -9.07348E-03, -6.26115E 03, 8.80479E 04,
6970 8.20132E-01, -8.87836E-03, -1.77321E 03, 9.3996SE 03,
6980 $.52484E-01, -8.80280E-03, 1.33922E 04, 6.10279E 0S5,
7000 4,20028E-01, -8.64608E-03, 1.17484E 04, 4,.19212€ 09,
7010 3.76536E-01, -8.56820E-03, ~1.44231E 02, 4.05946E 02,
7020 3.21301E-01, -8.56775E-03, -3.99912€E 02, 2.35667E 03,
. ’ M ] - L} . »
7040 1.83727E-01, -8.48683E-03, 8.69749E 03, 1.41783E 0S5,
7059 1.45026E-01, -8.47158BE-03, 8.46689E 03, 1.03461€ 083,
7060 8.99227E-02, -8.40968BE-03, 7.64486E 03, 1.31056E 0%,
: =07, = -03, ; s . oq,
7080 ~4.27756E-02, -8.32638E-03, 7.49549E 03, 1.77254E 04,
7090 8.67363E-01, -8.8904SE-03, 0. . o. ,
7100 6.65120E-01, -9.11816E-03, 0. » 0. N
NARLY . -UT, L 03, : " . ;s
7120 3.05529£-02, -8.341%56E-03, 0. . 0. . ,
7130 VH(1,1,2)=
7140 1.52489E-71, -8.93432E-03, -4 . 43123E 03, 2. 18599E 09,
. =132, = -03, -3 5 . JE 04,
7160 ~2.06096E-01, -8.36568E-03, 1.42434E 03, 1.30119€ 06,
7170 -2.83383E-01, -8.12734E-03, 3. 17095E 03, 1.28483E 06,
7180 -3.31537E-01%, -7.96%38E-03, 4.6%5219E 03, 1.26470€E 06,
=3, ~OT, 7. -03, . y o 9.68582E 0T,
7200 -4.22001E-01, -7.67375E-03, 1.33967E 03, -4, 20868E 03,
7210 -4.47680E-01, -7.62796E-03, ~2.82083E 03, -2.57987E 04,
7220 -8.40243E-01, ~-7.28%592E-03, 2.21592E 04, 9.83807E 08,
7230 -%. 7V926E-0OY, -7.18987E-03,  Z.487T0E 04,  B.8O%6GSE US,
7240 -6. 10956E£-01, -6.80933E-03, 3.96911E 04, 9.06997E 03,
7250 -6.51173E-01, -6.39503E-03, 4 .53105E 04, 5.7S911E 08,
7260 -6.93656E-01, -6.2%5887E-03, 5.26491E 04, 1.76509E OS5,
; =02, - -03, Lo Jo N ~ 0. s
7280 ~9.64454E-02, -8.%58004E-03, 0. R 0. '
7290 -1.50417E-01, -8.57278E-03, 4,607735€-05, -9, 83258E-085,
7300 -6.43715E-01, -6.30396E-03, 0. N 0. )
7310 VAUY, 1,37=
7320 2.14681E-01, ~1,08090E-02, -6.3753%E 04, 2.82208E 06,
7330 3.82022£-03, -5.49181E£-03, -1.31343€ « , 1.20760E 05,
7340 -1.56499E-01, -3.71339E-03, 9. 73354E 04, 1.4%750E 07,
=1. - ’ =¥, = 2 . ’ - 07:
7360 -1.6793%E-01, $5.96411E-04, 1.18697E OS5, 1.29347E 07,
7370 -1.65430E-01, 3.41572E-03, 2.32020E 03, -6.20695E 03,
7380 -1.43210E-01, 3.40870E-03, 5.82468E 03, -3.71087E 04,
i - ? 4 - ’ . ] L. o‘l
7400 -1.83097E-02, 6.95566E-03, 1.61386E 05, 8.80139E 06,
7410 2.9317%E-02, 7.79503E-03, 1.61163E 05, 8.00977E 06,
7420 1.26382E-01, 9.77587E-03, 1.42113€ 05, 3.82383E 06,
7440 3.744%3E-01, 1.18813E-02, 8. 98956E 04, 1.82984E 06,

205
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7450 3.45367E-02, -5.64247E-03, 0. . 0. ’
7460 -9.31808E-02, -5.82646€E-03, 0. . 0. .
7470 -1.29683E-01, -5.82487E-03, -4.32787E-05, 3.09201£-03,
7480 3.20878E-01, 1.21081E-02, o. R o. .
7490 VALY, 1, &)=
7500 3.99370E-02, -%$.56516E-03, -6.22211E 04, $.29189E 06,
7510 -1.98%S08E-01, 4.04085E-03, S.10066E 04, -4.355650E 05,
7820 2.58307E-02, 4,.92407E-03, 8.21173E 0S5, 8.527S3E 06,
: N - BE-0F, : " s US,
7540 2.22142E-01%, S.43403E-03, 7.60663E 05, -3.97099E 06,
7550 3.02850E-01, 3.07863E-G3, -1.57488E 04, 8.69369E 03,
7560 3.21163E-01, 3. 10608E-03, -4,.33492E 04, 1.69797E 0S5,
TS570 I .SY7UBE-UT,  J.UL/3AE-0UI,”  ©.923a73E U4, 7.8T18G3E OS,
7580 3.93502E-01, -2.23407E-03, 2.21335€ 05, -1.99562E 07,
7590 3.79638E-01, -3.99102E-03, 1.44630E 05, -2.07283E 07,
7600 2.74263E-01, -8 78029E - 03 -2.06952E 095, -1.27508E 07,
X ¢ 48 = . -T.00ST3E U7,
7620 “=1.05959€E-01, -I 51702E 02 -2 78687E 05 ~6.34278E 06,
7630 -1.88354E-01, 4,.67999E-03, 0. R 0. o
7640 -7.76397E-02, 5.051258-03, [+ g. )
&, = » . - 2 . = [ = . la-vzn
7660 -1.06133E-01, -1.60689E-02, 0. . 0. ,
7670 VH(1,1,5)=
7680 -1.12446E-01%, -1.23479E-03, 1.77953E 05, 1.11214E 06,
7690 Z2.60V/70E-0Z, t5‘TZ9T9E”UZ'—'“T‘SZSGZE‘UZ“““T‘ZBsszﬁ US,
7700 5.%59418E-02, -1.50387E-03, 8.53657E 0S5, ~7.347S3E 06,
7710 1.04358BE-01, ~3.71372E-03, 8.10721E 0S5, -1.507%0E 07,
7720 1.21345E-01, ~-5.93831E£-03, 7.70913E 05, -1.87004E 07,
. ~UT, =Y. 02, =T ; . US,
7740 7.48016E-02, -1.20173E-02, -3.36289E 04, 3.88296E 05,
7750 $.12730E-02, -1.42472E-02, -2.86963E 04, -7.21942E 0S8,
7760 -9.42849E-02, ~2.18204E-02, 7.217S4€ 0S, -3.44836E Q7,
=T. -oT, 2. -02Z, . S =-3.6965. 7,
7780 -1.52090E-01, -1.93737€-02, 1.25217E 06, 2.378306 17,
7790 9.73635E-02, -7.80591E-03, 1.28333E 06, 1.50803. .7,
7800 3.01963E-01, -4.18113E-03, 1.13528E 06, $.89881E 06,
X -02, -8, E-04, 0. ; U. F
7820 1.19714E-02, -9.56824E-04, 0. . 0. ,
7830 3.97940E-03, -9.56666E-04, -9 34320£-04, ~-8.55197E-03,
7840 9.95393E-01, -3.854395E-03, [¢ 8 , 0. N
7850 VH(T,T,6)=
7860 $.94602E-01, 1.33626E-03, -1.28366E 06, 3.64536E 06,
7870 -7.48084E-01, 1.79184E-02, 5.79284E 0S5, -4.81769E 0€¢,
7880 -1.03730E-01, 1.29668E-02, -5.12306E O0S, -2.74309E 07,
~q -02Z, . -3, -&. N 2. O3E U7,
7900 -2.%56256E-02, 5.56690E-03, -4.54184E 05, ~2.08652¢€ 07,
7810 -1.38914E-02, 1.41149€E-03, 1.9%5394E 03, -1.47522E 04,
7920 -4,65790E-03, 1.39984E-03, 3.78827E 03, -5.44847E 04,
= 02, . 04, 7. N -, O,
7940 ~-1.,12833E-01, -3 17239E-03, -3.22862E 05, -8.86319E 06,
7950 -1.50414E-01, -4,04429E-03, -2.61739E 05, -7.31007E 06,
7960 -1.57098E-01, -2.70269E-03, 1.71368E 0S5, 8.79428E 06,
DR Il . [ . » . 2
7980 4.02365E-03, 2.17926E-03, 3.27361E 05, 4.05889E 06,
7990 ~9.63229E-01, 2.62653E-02, 0. , 0. '
8000 -3.083%E-01, 3.26022€-02, 0. 0. ,
=T, <oT, ; ~07Z, 3 -02, Y. E5253E-0T,
8020 2.04103E-01, 2.76574E-03, 0. . 0. ’
8030 VH(1,1,7)=
8040 -1.17806E-01, ~4.9472%E-03, 3.45418E 05, 1.59077€ 07,
=T . h . . St - » » G- 3, =7, .
8060 4.47143€E-01, 1.36572E-02, -6.16900E 0S, -4.17116E 07,




OF POOR GUaLi
8070 4.73693E-01, 6.86598E-03, -1.15723E 06, -3.44135€ 07,
8080 4.25129€-01, 2.77842E-03, -1.50874E 06, -2.67173E 07,
8090 3.71243E-01, -1.11756E-03, -7.79588E 04, 1.15425€ 0S5,
8100 3.56779E-01, -9.38300E-04, -2.05178E 0S5, 1.01447E ‘06,
BT Z TAY79E-UT 2 aaS78E~U3 3 23967E - US 3 UZ97SE 06,
8120 -2.14263E-01, 1.65704E-03, -2.75652E 06, 3.72777E 07,
8130 -3.33708E-01, 4.2992€E-03, -2.54445E 06, 4.93225€ 07,
8140 -4.08840E-01, 8.86959E-03, -1.05177E 06, 2.49889E 07,
=3, =oT, N =027, - s . o7,
8160 -2.08976E-01, 1.78520E-02, 4.65700E 04, 2.33756E 07,
8170 -6.23521E-01, 4.18431E-02, 0. . c. ,
8180 3.80799E-01, 7.08250E-02, 0. o. ,
: =oT, ; TTE-OZ, =2, =02, 76E-07,
8200 -2.34059E-01, 2.18171E-02, 0. . 0. .
8210 VH(1,1,8)=
8220 -2.18343E-03, -1.43G00E-04, 6.74745E 03, 6.01845E G5,
-1, - . . - » . » U9,
8240 1.86370E-02, -1.31687E-0S5, 7 59753E 03, -6.52813E 06,
8250 1.35027E-02, ~-1.21242E-03, ~-1.70015E 04, -6.42049E 06,
8260 2.63972E-03, -2.01271E-03, -2.S0089E 04, -6.16636E 06,
=% S0 K PR ESUF, A UZ223E 0Z, 6. ZZA6SE UZ,
8280 -2.80471E-02, -3.43296E-03, ®.28692E 03, 1.48205E 0S5,
8290 -%.38512E-02, -5.21847E-03, -1.33051E 0S5, -1.73596E 06,
8300 -8.63970E-02, -4.61981E-03, 3.38511E 05, -4.65670E 06,
8320 6.38105E-02, 1.63318E-03, 7.06641E 05, 2.46580E 07,
8330 3.2%5264E-01, 1.07170E-02, 3.84650E 05, 1.82400E 07,
8340 4.34111E-01, 1.33159E-02, -4.68293E 05, 1.34966E 07,
B3S0 =5 6UAAE-UZ, 2 97052E03, U - op -
8360 1.80842€-02, 5.82219E-03, 0. , 0. . .
8370 5.47088BE-02, 5.82909E-03, -7.4B084E-03, -4.80868E-03,
8380 -9.80637E-01, 1.48796E-02, 0. . 0. .
* » )=
8400 -2.22800E-02, -2.80029E-04, 1.23472E 05, 9.26716E 0S5,
8410 1.36868E-01, 4.91465E-05, -2.80902E 0S, 6.51707E 0S5,
8420 -2.33808E-02, -2.15S116E-03, -1.39818E 06, -2.14008E 07,
s S e o9, T — -
{aaao 2.59999E-01, -5.23750E-03, -9.69581E 05, -1.24441E 06,
8450 -3.71971E-01,  -3.28900E-03, 1.20218E 05, -7.79490E 04,
8460 -3.81606E-0t, -3.50479E-03, 3.26688E 05,  -1.316S1E 06,
= oY, 2 S0)- T " 07,
8480 -1.59611E-02, 2.62540E-04, 2.32962E 06, -7, 94586E 06,
8490 1.13371E-01, 1.76469E-04, 2.27644E 06, -1.87155E 07,
8500 2.34284E-01, -3.16350E-03, 1.09175E 06, -3.20849E 07,
BSTO 2 OD359E-0YT, =T 0aJI7IE-0UZ, % GOTSIE U5, =3 -SBIEIE U7,
€520 9.51926E-02, -1.52564E-02, 1.40928E 05, -3.09884E 07,
8530 -3.2375RE-01, 1.94220E-02, 0. , o. ,
8340 1.€/977€-01, 5.05234E-02, 0.
Lbai —— Jcu9UE"UT”-"‘s‘u3uUEE?1nr""!FZUBUEE‘UZ—““r135257E ~oT-
8360 3.98582E-01, -2.06693E-02, 0. \ 0. \
8570 v. .1,1,10)=
sser -7.68522E-03, -7.21094E-04, 3.15660E 04, 5.31087E 06,
. . B . N . ) U7,
©s00 1.34653E-01, 4.06295€-03, -4.30635E 0S5, -2, 52254E 07,
3610 1.07002E-01, -9.48765E-05, -7.38934E 0S, -2,01240E 07,
8620 S.29027E-02, -2.33069E-03, -8.73176E 05, -1.S0902E 07,
. F) ) . ’ . ’
8640 -3.67229E-02, -4.27618E-03, 1.98154E 04, 3.05906E 05,
8650 -1.7TGYSE-01,  -1.40804E-02, -8.66131E 05, -1,16053E 07,
3660 -/.22873E-02, -8.21684€-04, 5.04783E 05, 2.09759E 06,
- ; . ; : ; : -
8680 4.29077€E-02, 2.28189€-04, 3.63277E 05, -9.73023E 06,
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8690 4.92966E-02, -1.9184BE-03, 2.12569E 05, -1.18SS0E 07,
8700 3.12007€E-02, -3.47745E-03, 5. 72908E 04, -1.04617E 07,
8710 3.01536E-01, -8.02684E-03, 0. . o. .
8720 4. NS8SE- 02. -3.55904E-02, 0.
1730——_*1—7999TE'UT“—"3’38322513?—“__1‘1365SEWﬂE_"_T—SEUbAE Uz.
8740 1.00311E-01, -%5.43797E-03, 0. N .
8750 VH(1,1,11)=
8760 5.773565-03. -1.08860E-04, ~6.65321E 04, 1.40621E 06,
8780 9. 13503E-02, 1.57146E-03, 1.04404E 06, -%5.82783E 06,
8790 1.70898E-01, -4.86034E-04, 6.25227E 05, -1.40%529E 07,
8600 1.87515€-01, -2.46277E-03, 2.50497E 05, -1.650%0€ 07,
8820 1.65279E-01, -7.16271E-03, -3.11323E 0S5, 2.35348E 06,
8830 -7.43865E-02, -2.60679E-02, ~1.46709E 06, -2.37443€ 07,
8840 1.17544E-01, -2.%52158E-03, -3.12651E 04, 1.35649€ 07,
N -0T, = <03, -2. B s 7,
8860 1.55875E-02, 4.20563E-04, -1.34162E 06, 2.39162E 07,
8870 -1.14477E-01, <. 23825E-03, -1.16676E 06, 3.25380E 07,
8880 -1.65879E-01, 8.13725E-03, -5, 12796E 0S5, 3.34717E 07,
BEID =T, 28YBSE-UT, 6. T4BE8E=UA; Lo 8 ; Lo p
8900 -8.57900E-02, -2.54658E-02, 0. . 0. .
8910 -2.4675BE-01, -2.55328E-02, -4.935042E-03, 2.33492E-02,
8920 -2.49841E-01, s.szzose~oz, 0. . 0. .
B9 VHUT,¥,1Z)=
8940 1.02496€-03, -3.86488E-04, -3.59071E 04, 4.25558E 06,
8950 2.84501E-01, %5.32372E-03, -1.14884E 06, -2.38463E 06,
8960 1.24924€E-01, 4.09690E-03, 1.66541E 05, -1 4670%E 07,
. -o7v, . ! “OF, 3. R 07,
8980 1.22701E-01, -4.43544E-04, -6.20305E 05, -1 211205 07,
8990 9.61349€-02, ~-2.45506E-03, -6.04761E 04, 1.81145E 05,
8000 7.50644E-02, ~-2.26147E-03, -1.46656E 05, 1.00291E os.
. - » ~1. - » . ’ ? . N
9020 -2.00245E-01, -8.76005E-05, -5.31215E 05, 1.84852E 07,
9030 -2.03800E-01, 1.51896E-03, -6.44906E 04, 1.96763E 07,
9040 -4.92166E-02, 8.65945E-04, 1.94481€E 06, -3 83668E 07,
. = B ~9. 0% - » . N v g7,
9060 2.33400E-01, -1.14901€-02, 8.25340E 05, -5 43333E 07,
8070 -1.98846E-01, 4.03927E-03, 0. , 0. .
9080 -6.8%991E-02, -4.96%21E-02, Q. , 0. ,
=3. -oT, -q. -02, . -04, 1. USUB4E-0T,
9100 4.00737E-01, -2.32687E-02, 0. . 0. .
QUL VH(1,1,13)=
9120 -2.73482E-02, ~7.09232E-04, 3.31143€ 05, 7. 20080E 06,
Y ; <02, ; -0%, Y. X = o7,
9140 -3.53280E-02, 3.31517E-03, ~-4.35954E 06, -3.43543E 07,
81350 -3.56247E-01, 1.23488E-03, ~3.54628E 06, 3.17505E 06,
9160 -5, 15688E-01, 2.89139E-03, -2.34859E 06, 2.08180E 07,
-7. - 3 . - N . ' -1, »
8180 -6.38465E-01, 1.386728-02, 1.47026E 06, -9.34188E 06,
8180 -2.97909E-01, 3. 15508E-02, 9.80669E 05, 2,.80668E 07,
1200 1.56154E-01, " 4,03610E-93, 2.61554E 06, -6.04388E 07,
; ~oT, = ~04, ; R =7.18945E 07,
9220 1.63487E-01, -2.92261E- 03, -1.67894E 06, 3.69125E 07,
9230 -6.27376E-02, 2.6C411E-03, -2.0292%€ 06, S.27942E 07,
9240 -2.39622€- 01 8.90930E-03, -1.17434E 06, 3. 96007E 07,
- i L 19233E-02, 0. X 0. p
9260 1.40968E- 01 -9.26286E-02, 0. , 0. \
8270 -4,44076E-01, -9.28013E-02, -4,31849€E-02, 1.04887E-01,
a280 -4.164208-OIL7 2.30900E-02, 0. . 0, .
§280 VH(T,1,1d)=
9300 3.90274E-01, 2.43814E-03, ~8.02199C 086, 1.93135€E 06,
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9310 6.29585E-01, 4. 84176E-02, -4 .50673E 06, -7.20296E 07,
9320 3.12261E-01, 2.83008E-02, ~-3.95620E 06, -1.02063E 08,
9330 1.18341E-01, 1.31427E-02, -5.37194E 06, -6.66023E 07,
9340 -1.36308E-01, 6.63829E-03, -5.36812E 06, -3.68644E 07,
6. =OT, . 02, "%9574E US,  -1.7/5I1%7®E ©U%,
'9360 -4.69881E-01, 1.04125E-02, 1.60115E 06, -1.03019E 07,
9370 -3.87535E-01, 1.76769E-02, -2.442%58E 05, 1.8531SE 07,
9380 -6.%2261€E-02, 2.73649E-03, 2.45761E 06, ~-3.63086E 07,
' 9JoU —%.70377E-02, X eE-US, . s -4 BG735E U7/,
8400 1.49018E-01, -6.11068E-04, 9.56539E 04, 7.23735E 06,
9410 7.70649E-02, -3.06945E-05, -9, 04622E 05, 1.12684E 07,
9420 -1.03902E-01, 7.61102€-04, -9.50084E 05, 2.01104E 07,
930 9. 3BTTOE-UT, <& Z2073E-UZ, 0. ; 1 8 7
9440 -4.208851E-01, 7.852320€£-02, o. , 0. ,
9450 5.39595E-02, 7.52899E-02, 9.76582E-01, 7.95491E-01,;
8460 -1.45327E-01, 7.48273E-03, 0. » 0. R
L9z70'“vnn,1.1:n=
948C -8.80630E-01, -1.01729E-02, 1.89105E 97, 8.90588E 07,
9490 1.68366E-01, 1.70121E-02, -1.23136E 06, -2.82470E 07,
9500 1.68374E-01, 8.83628E-03, -9.96441E 05, -3.87026E 07,
g5YO- V. U23a03E~0T, Z.74176E-03, -1.92087E UG, <Z.756TTE U7,
9520 -8.41002E-03, 8.65596E-06, -2.13301E 06, -1.56124E 07,
9530 ~-2.09043E-01, 2.00630E-03, 2.39231E 09, -4,62615E 03,
9540 -1.74B41E-01, 1.396%51E-03, 5.98867E 05, -3.31498E 06,
9560 -%5.19783E-02, 3.79682E-05, 1.17732E 06, -8.87888E 06,
9570 1.44227E-02, -4.16940E-04, 1.27040E 06, -1.4%998E 07,
9580 7.93572E-02, 2.18140E-04, 1.79099E 0S5, 2.20510E 06,
9600 -5.31128E-02, 1.14929E-04, -5.420%4E 05, 8.Q8736E 06,
961C 2.44892E-01, ~2.41492E-02, 0. ) 0. .
9620 -3.41919E-01, 3.86477E-02, 0. 0. ,
-g. -02Z, . 02, ~7. -03, . -0T,
9640 -6.17626E-02, 3.21297E-03, 0. N 0. N
9650 VH(1,1,16)=
9660 -2.86319E-02, -5.98973E-04, 7.23115E 05, 9.96041E 06,
: 02, T 763 -03, - —~1.961S/E 07,
9680 -2.44398E-01, 8.64697E-03, -4 72482E 06 1.73793E 07,
9690 -4,23%47E-01, 1.64043E-02, -2.C2195E 06, 4.34775E 07,
9700 -3.64035E-01, 2.20084E-02, 1.07347E 04, 4.19019E 07,
3. - A Ly - . ) 4. N
9720 -1.04342E-01, 3 3406G3E - 02 1.10841E 06, -1.55439E 07,
9730 6.74736E-02, 1.13230£-02, -9.09714€ 05, -2.11327E 07,
9740 S.58244E-01, 1.69033E-02, -4.38496E 06, -6.28921E 07,
9760 -6.55526E-01, -1.36148E-02, -5.09073E 06, 4.01523E 06,
9770 -7.67344E-01, -9.00441E-03, 3.25542E 06, 3.2788B0E 07,
9780 4.85836E-01, 2.68077E-03, 6.58801E 06, -1.72680E 07,
780  1.42877E-OT, 4. 337T3E-03, 0. ) U. ;
9800 1.07141E-01, -5.29669E-03, 0. , 0. .
9810 7.43258E-02, -5.256%54E-03, 4.42341E-05, 2.90952E-02,
9820 2.56122E-01, -1.%530%8E-02, 0. B 0. )
9830 VHUY, T, T7)=
8840 -8.37884E-02, -1.13185E-03, 1.641%9E 06, 2.15377€E 07,
9850 2.00853E-01, 1.99454E-02, ~2.67299E 06, -4 .%59%547E 07,
96860 -%.3498%5E-01, 1.85198E-02, -6,47760E 06, 2.96734E 07,
~5. -ov, . -02, -8. , S 134TTE 07,
9880 -4.12002E-01, 3.33706E-02, 2.32413E 06, 3.23168E 07,
9890 -5, 72103E-02, 3.73935E-02, 1.67690E 05, -4,35808E 06,
9900 1.83422E-01, 3.45%5%59E-02, -3.76652E 04, -1.19583E 07,
. -0l . -03, . K -3, SE 07,
9920 1.00606E-02, 8.26073E-03, -4.13298€ 06, -4, 29428E 07,
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9930 ~2.07272E-01, 4.04635%E-03, -3.60123E 06, -2.91402E 07,
9940 3.89464E-01, 1.67788E-02, 6.71787€ 06, -2.26149E 06,
99350 8.65486E-01, 1.%59%527E-02, -2.05782€E 06, -6.03377E 07,
9960 ~-4.409S8E-01, -1.3790SE-03, -7.26848E 06, -2.16903E 07,
gI7U 4. UBJITBE-OT, —2.-9375T1E-0Z, L* 8 3 1* 8 N
9980 4,59992E-01, -2.3518%5E-02, 0. . 0. s
9990 3.14452E-01, -2.33117€-02, 1.04195E-02, 3.19781E-01,
10000 -8.24439¢E - 03 5.1263%E-03, 0. . 0. N
TOOTO VATT, T, 187
10020 -4.12063E-02, -7.73113E-04, 1.530!6E 06, 1.51822E 07,
10030 1.43279E-01, 1.10665E-02, -2.77044E 06, -2.68477E 07,
10040 4.28485E-02, 3.67569E-03, 6.69870E 06, -4.03851E 07,
; =UT, 9. =03, ; " 9. 07,
10060 5.00264E-01, -2.19298E-02, 1.11379E 0S, -8.32014E 07,
10070 8.51138E-01, -6.03422E-02, -1.708SSE 06, 9.86712E 06,
10080 3.34923E-01, -2.21016E-02, -3.44370E 06, 3.89747E 07,
TOU9U —  -3.83077E-OF,  -1.82725E-02Z,  -T1.3047T9E U6, 3. 38487 U7,
10100 -4.68709E-01, -2.06712E-02, 7.22704E 06, 7.90403E 07,
10110 -1.17659E-02, -1.04423E-02, 9.10701€ 06, 5.23352€ 07,
10120 -6.63707E-02, -1.28%518E-02, -3.86430E 06, 1.92079E 7,
TUT30 —  -95.T16992E-0T, 1. 76226E-02, V. 788B36E US,  J.4TEY6E D7,
10140 2.62429E-01, -5.21203E-03, 4,69818E 06, 3.394%4E 07,
10150 4.22956E-01, 3.36285E-02, 0. ) 0. R
10160 S.17771E-01, -2.47608E-02, 0. 0.
TUW7U—-"‘3‘5522ZE‘UT"—"2‘ZZ838E-U2"“_'T‘BUSSBE‘UST““T‘SEIBBE UT,
10180 -2.67997E-01, 4,.95160E-03, 0. . 0. ’
10190 VH(1,1,19)=
10200 1.30447E-03, -%5.01004E-06, -6.82076E 04, 6.359596E 0S8,
: 3 T337 B . s : ;
10220 -8.62334E-02, 3.90226E-05, ~-1.53015E 06, -4.62624E 06,
10230 -1.37904E-01, 4.50067E-04, -2.92432E 05, 4.69011E 06,
10240 -1.1933%59E-01, 1.00593E-03, 7.39792E 05, 2.94928E 06,
9. -0Z, C20JT7E-04,  1.984T3E 05, -3.72755E U5,
102€0 -7.05886E-02, 3.26033E-04, 4.82451€ 05, -2.66986E 06,
10270 2.50083E-01, -9.137%56E-04, 2.708803E 06, -1.01064E 07,
10280 -2.14437E-01, -3.63%572E-03, 1.65111E 06, 1.4083%E 07,
-8, = =T -03, . . 5.43413E 0%,
10300 -2.07587E-02, -1.09388E-02, 1.08785E 06, -7.59524E 07,
10310 -7.64575E-02, -2.30819E-02, 2.31076E 06, -4.36%577E 07,
10320 1.69166E- 01 -2.08757E-02, 1.81B77E 06, 1.66349E 07,
- . -1.978177E-03, 0. ) U. y
10340 -2 69858E - 02. 1.24017E-03, 0. . 0. ’
10330 -1.93778E-02, 1.22341E-03, ~2.63441E-03, 6.70793E-03,
10360 -7.029905-01, }1.352014E-02, 0, N 0. R
YO370 VRIT, T, 207)=
10380 -5.2024%5E-04, -6.72%525E-05, 2.61779€ 03, 2.65847E 06,
10390 1.36699E-02, 3.80643E-03, -1.49221E 05, -1.38496E 07,
10400 -3.14436E-02, -1.96902E-03, -9 66779E 09, -3.04386E 07,
-T. -oT, -6, -03, GSEE’UZ—""E'UEQQSE U7,
10420 -1,.33893E-01, -8.97125E-03, 1. 03137E 06, -1.88123E 07,
10430 -1.59672E-01, -1.61984E-02, 3.07128E 05, 2.08421E 06,
10440 -2.26640E-01, -1.83774E-02, 1.03781E 06, 2.19073E 086,
. -07, -8, -65T"__5TG652§E"UET"'79—757355—55""”"‘-—"'
10460 -3.23069E-01, -1.46480E-02, 4.53815E 06, 4.40903E 07,
10470 -2.93968E-02, -8.46665E-03, 6.18685E 06, 2.93204E 07,
10480 8.59077€-02, S.78200E-03, -3.24374E 06, 7.62109E 07,
2 -T. - ; ~0Z, 2. X 7. 4FZ'67E07
10500 -7.19922E-02, 2.08493E-02, 4.92383E 05, 9.28470E 06,
10510 1.36495%5E-02, -7.86%98E-09, 0. ’ 0. ,
10320 -4,295%72€E-03, 2.37816E-04, 0. ' 0 2
10540 6.264185E-01, -1.29828E-02, 0 , 0. ,
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10560 1.28132E-03,  -2.73493E-05, -1.02671E OS5, 2.03941E 06,
10570 8.19146E-03, 3.675S9E-03. 1.17133E 05,  -1.64916E 07,
10880  -2.13565E-01, 1.56101E-03.  -4.43713E 06, 3.48182E 06,
TOSgU— 3 7SYZ9E-UT— S Z7ATIE0T 2 YYEEUE U5 Z 2077EE G 7
10600  ~2.26344E-01, 7. 26402E-03, 3.28477E 06, 6.21778E 06,
10610 9.23863E-01,  -2.49498E-02, -Z.45340E 06, 7.56531E 06,
10620 5.57048E-01, -1.71080E-02,  -5.S5078E 06, 3.96762E 07,
10640  -1.10912E-Q1, -3.15951E-03, 1.07107E 06, 7.70546E 06,
10650  -2.97160E-02, -1 .86691E-03, 1.81622E 06, 3.48022E 06,
10660 2.89797E-02,  -5.01044E-05, -3.58628E 05, 4.64654E 06,
10680 3.18629E-03, 1.26489E-03, 2.72088E 05, 4.15155E 06,
10690  -2.86710E-02, -3.48276E-03.  O. : 0. :
10700 -3.472%%5E-02, 1.4%5735E-C3, 0. R o. )
TO7TU——2-SBYBUE -0z A7 TE=0J A YU7IBE=0T —=T-Z7TISE-0Z.
10720 2.93878E-02, -4.60035E-04,  O. . o. :
10730 VH(1,1,22)=
10740  -7.83249E-04,  -7.30R8GE-0S, 1.88423E 04,  4.09682E 06,
; o4 ; 07, 7 " =7 D7,
10760 9.53285E-02.  -8.92285E-03, 1.48683E C6. -8.14487E 07,
10770 1.43804E-02.  -2.33140E-02, 1.31889Z 05.  -6.76934E 07,
10780  -1.27198E-01.  -3.05050E-02,  8.15292E 05,  -4.49024E 07,
- o] = 5 ~Cz, =7 ; 2 YST77E0T,
10800 6.86049E-02, -6.64819E-02, -4.85741E 06 7.53374€ 07,
10810  -1.17435E-01,  -1.83253E-02.  4.58573E 06, 1.04452E 07,
10820 6.42924E-01,  -1.70083E-03, -5.72128E 06.  6.21961E 07,
0BT T -$SIEEE-UT T FIAZVE-DI T UBBI7E U7 — T UI7Z9E0F ——————
10840  -1.B4055E-O1, 7. 56587E-04, 8.9068SE 05, -1.55026E 07,
10850 1.65135€-01, 1.81172E-03, 1.83%564E 06, -3.75558E 07,
10860  -1.92845E-02,  -4.11625E-03, -1.57261E 06, -2.74509E 07,
- 07, -SSTO7E=UT, o8 . Lop -
10880 7.82389E-03, -3.65777E-04.  O. . 0. :
10890 §.60086E-03,  -3.58744E-04.  3.87239E-03.  4.95316E-03,
10900  -7.48831E-02, 2.90616E-04. O, . 0. :
TO9YO VAT T, T 237
10920  -2.0319SE-01,  -4.20088E-02, -2.43757E 07, 3.18734E 09,
10930  -2.B4942E-02, -1.0GS46E-02. 1.46759E OS5, 7.13333€ 07,
10940 2.82173€-03, 4.36912E-04,  -5.19301E 04,  -6,74423E OS.
. = ’ . k - 3 9. ) . [l
10960  -3.01905E-03, 2.73104E-04,  -7.26085€ 04,  -3.44882E OS.
10970 1.830504E-02,  -2.74826E-04, -5.02931E 04, 1.35508E OS5,
10980 7.0S503E-03,  -1.27336E-04, -1.11455E 05, 7.49561E 05,
“J. = N . - ¥ . 3 - U4
11000 9. 70209E-04., 2.46001E-04. 1.45196E 04, ~1,13985E 06,
11010 1.48073E-03, 1.27125€-04, -4.43845E 03, -1.47S07E 06,
11020  -3.78157E-04.  -1.B8804E-05.  -1.37673E 03, 1.42879E 04,
- o4 X 0T, ; - LuT.
11040  -1,24997E-04. 5. 96241E-06, -5.38022E 03, 1.98087E 04,
11050 1. 26022E-02. 1. 28864E-03, 0. : 0. .
11060 -9.89320E-04, -2.09616E-0, 0. . o. .
11080 1.30891E-04, 2. 24523E-06. 0 : 0. :
11090 VH(1,1,24)=
11100  -2.71932E-03, -5.4865GE-04, -4.41595E 05,  4.70686E 07,
11120 -1.30247E-01,  -8.6%938E-03, 3.05919E 05, -1.03074E 07,
11130  -7.02783E-02,  -1,034G1E-02, 3.08940E 06,  -1.07633E 07,
11140 8 26723E-02, -1.21876E-02, 3.24148E 06, -1.71621E 07,
11160  -3.10668E-01, -9.33845E-03. 4.21807E 06, -1.S51003E 07,
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11170 1.86761E-01, ~2.20481E-02, -1.05488E 06, 2.86887E 06,
11180 3.67466E-02, -1.629895E-02, ~1.48987E 06, 8.09276E 07,
11190 -6.13423E-02, -8.19132E-03, -1.27321€E 06, 1.10273E 08,
11200 -2.27203E-02, 6.02946E-04, -6.28833E 04, -1.89459€E 06,
. ) . ~ ’ . ] T, 4
11220 -8.56%527E-095, -5.42994E-04, -1.66853E 05, -5.62394E 06,
11230 -8.41412E-01, -1.09983E-01, 0. B 0. ’
11240 1.42176E-01, -7.49397E-08, 0. 0. B
; =0T - ~0a; = =0T, 73E=UT
11260 -8.78646E-03, -2.67248E-04, 0. , 0. P
11270 VH(1,1,2%)=
11280 -6.30607E-04, -2.82097E-04, -4, 29355E 0S, 2.73009E 07,
B P . ) . B . !
11300 -2.40435E-01, -1.55178E-02, -3.17608E 06, ~6.86614E 07,
11310 -3.544%53€-01, -2.41944E-02, 5.27672E 06, -4 ,04041E 07,
11320 -8.14389E-02, -2.99816E-02, 9. 045G63E 06, ~$.15333E 07,
11340 -8.04292E-01, -3.47872E-02, 1.05357E 07, ~2.58072E 07,
113%0 4.93977E-01, -6.58036E~02, -2.90433E 06, 6.17331E 06,
11360 1.02%594E-01, -5.10866E-02, -4.4%B479€E 06, 2.49027€E 08,
=T = ' ce. L = . 3. ) . ’
11380 -1.21160E-01, 8.62564E-05, -6.90206E 05, -6.83973E 06,
11390 7.09214E-02, 1.68982E~03, 1.635992E 06, -1.67542E 07,
11400 -1.34336E-02, -1.23326E-03, -1.33016E 06, -1.79269E 07,
; =OT, ; ~OT; L« ; 0. p
11420 -1.56535E-01, 6.77511E-04, 0. . o. '
11430 -1.56%84E-01, 3.87727E-04, 2.08020€-01, -7.94888E-01,
11440 -1.89143E-02, -3.11514E-04, 0. , 0. ,
11460 -1.26856E-04, -3.113535E-05, -3.87483E 04, 2.99489E 06,
11470 8.885%6E-03, 3.05128E-03, 3.93721E 03, -2.45551E 07,
11480 6.93512E-03, ~71.56331E-03, 2.52463E 095, -5.89063E 06,
YTF9U T 2. UYBTIE-UT,  -Z.53290E-U3,; 9.499B2E 0%, — -3.82573806,
‘113500 -7.87714E-03, ~2.85%577E-03, 1.48970E 0S5, -1.03904E 06,
11510 -1,83787E-03, -4.71050E-03, -1.84712E 04, 1.43634E 086,
11320 -2.8%5617E-02, ~3.84131E-03, 1.06158E 095, 3.46023E 086,
1T3?U_-_T_9T5TUE"U3__——2P2337§E—UU___-3-5§525E_UZ-——_3_35“ﬂﬁrb3,
11540 8.48804E-02, ~9,.59047E-05, -2.23566E 06, $.06000E 06,
11350 -6.31052E-02, -3.44518E-04, -2,353302E 06, 1.76773E 07,
11560 8.03848E-01, Z.GGGZZE‘OZ, 6.82699E 06, 2.91500E 07,
=3, - ) so. < ’ =t ) =t g7,
11580 1.95141E-01, -4,78980E-03, 1.29510E 07, 9.61752E 06,
11590 2.92689E-02, 4,.616354E-03, 0. ’ . ’
11600 -6.10017E-03, 1.34584E-05, 0. 0.
1T3TU_—*”1rT3T35E—Uﬂ_—-—'T—73Uﬁﬂ?1ﬂr————7_zu738E 03, S"TUSIJE'Us,
11620 -1.33840E-01, -9.7877SE-03, 0. P . '
11630 VH(1,1,27)=
11640 '4.45971E'03, -1.09238E-03, -1.703%89E 06, 1.14283E 08,
. 3 . ~ 3 . ] . )
11660 1.3%5624E-01, -2.12933E-02, 1.04776E 07, 1.78759€ 08,
11670 8.63891E-01, 4.98442E-03, 3.07691E 095, 1.32479E 08,
11680 3.93030E-01, 2.193935E-02, -8.32326E 06, 1.38993E 08,
; <o, o ¢ 1 -0, =3, N =T1. 7236%E 07,
11700 9.50831E-01, 6.51428E-02, -1.10422E 07, -7.36723E 06,
11710 -%.91074€-01, 9.13877E-02, 2.39993E 06, -7.67129€E 06,
11720 -2.29285E-01, 7.49332E-02, 7.24304E 06, ~-3,.61007E 08,
. B . B . ) . )
11740 -3.36146E-02, -7.3%5109E-03, -7.78264E 05, -5.46628E 08,
11750 3.74487E-02, -1.31261E-03, 6.79812E 095, 2.80411E 07,
11760 -3.22644E-02, 3.023095'03, -1.47736E 06, 2.61546EF 07,
, - B 224k -0T7, 0. . u, [
11780 -1.63833E-01, 7 463955 04, 0. . 0. '
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11790 -1.63998E-01, 4,20347E-04, 8.921%58E-02, -3.16519E-01%,
11800 8.79801E-02, 3.83027E-03, 0. s 0. .
11810 $END

11820 SLIST2 , P

T8I0 TTTCET EEE-TCLS STRATIC STRUCTURE SUBSYSTEM HOUORTZUNTAL °)

11840 1suBs 8,
11830 XREF= 0. :

11860 YREF= 0. '
TT870 ZREFY 0" s
11830 PTS=
11890 21, -166.901, 0. s 0. ,
11800 22, ~-177.4%5, 0. , 0. ,
TY9TU 23, -207.530,; o B O~ ;
11920 24, -217.008, 0. . 0. ,
11930 25, ~-223.015, 0. A 0. .
11940 26, -228.103, 0. . 0. .
TTYS0 27,  -~234.9%5U, L8 P Lo s
11960 28, =-237.915, 0. , 0. ,
11970 29, -2506.915, 0. , 0. .
11980 30, -255.95%S5, 0. . 0. ,
TT990 31, -262.269, O~ P U s
12000 32, =-270.225, 0. . 0. .
12010 33, -278.575, 0. s 0. ,
12020 34, -172.1%6, 0. . 0. ,
TZ030 35, -1943.77%, L' ; o I s
12040 36, -201.040, 0. , 0. ,
12050 37, -269.475, 0. , o. ,
12060 XMODES=
Y2070 718, 7T, Z. 197170E Uq, 5., 1.
12080 1340.9, 2.88367E 04, 15., 1,
12090 43%1.0, 1.52823E 05, 15., O,
12100 8341 .4, 4.25520€ 05, 18., O,

T, 1. 590578 06, 5., U,
12120 13130.8, 3.34%561E 06, 15., O,
12130 17010.9, 4,3%5692E 06, 15., O,
12140 18937.3, 1.36996E 06, 15., O,
Y2150 27254, 7, 2.2556%E U6, 5.,~ U,
12160 24718.5, 2.40308E 06, 15., O,
12170 27767.9%, 1.99155E 06, 15., O,
12180 208989.2, 2.40350E 06, 15., O,

'S, . s 5., U,
{12200 38147.3, 3.02281E 07, 15., O,
12210 39418.9, 3.10641E 07, 15., O,
12220 43312.3, 1.44%536E 07, 15., O,

.5, . BE 07, 5., O,
12240 50137.3, 3.7979%5E 07, 15., O,
12250 $3499.2, 7.37532€E 06, 15., O,
12260 54900. 8, 1.30214€ 07, 15., O,
Y2270 .0, . N 5., U,
12280 65253.4, 2.09262E 07, 15., 0,
12290 71143.9, 1.71715E 08, 15., ,
12300 74801.8, 3.383742E 07, 15., O,
Y230 75807, T, 6.22727E 07, 5., U,
12320 76633, 7, 2.15732E 07, 1., O,
12330 792499 .1, 2.18467E 08, 15., O,
12340 VH(1,1,1)=

; <07, 9. 07 -07F, ~B. p . 0a,

12360 8.20132E-01, -8.87836E-03, -1.77%521E 03, 9.3996%E 03,
12370 5.32484E-01, -8,80280E-03, 1.33922E 04, 6.10279€ 083,
12380 4.71475E-01, -8.70364E-03, 1.23607E 04, 4.90747E 098,
’ . ] ’ : . ) . ]
12400 3.76%36E-01, -8.56820E-03, -1.44231E 02, 4,08946E 02,
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12410 3.21301E-01, -8.56775E-03, -3.99912E 02, 2.35667E 03,
. 12420 2.92863E-01, ~-8.54820E-03, 3.57646E 02, 1.77274E 03,
12430 1.27727E-01, ~8.48683E-03, 8.69749E 03, 1.41783E 03,
12440 1.45026E-01, -8.471582-03, 8.46689E 03, 1.03461E 09,
- . - a 0. d B . N . 0o
12460 2.52872E-02, -8.34548E-03, 7.48%574E 03, 7.47013E 04:
12470 -4.277%€6E-02, -8.32638E-03, 7.49%549E 03, 1.77234E 04,
12480 8.67363E-01, -8.890435E-03, 0. . 0. .
2390 6. 69 T2UE-UT, — Y TTBIGE-DI~ |08 P L*
12500 6. 10404E-01, -8.88934E-03, -2.36%582E-04, 9.87605E'04:
12510 3.05%529E-02, -8.34156E-0C3, C. ' o. ’

12320 VH(',1,2)=
‘ﬂERnT__‘“T—523B9E—UT———-“U-BSWSZE—UU““_—Z'ZJﬂZﬂ?WIT""'?“TBSSBE'US—‘—_——"”’"

12540 5.12780E-02, -8.52635E-03, ~-%5.26566E 02, 1.85894E N4,
12550 -2.06096E-01, -8.36568E-03, 1.42434E 03, 1.30119€ U6,
12560 -2.83383E-01, -8.12734E-03, 3.17095%% 03, 1.284383E 06,
11570_—‘__3_3T537E—TH~'“__7r1KEﬂ3E—U3—__'_Z"USZTEE—Uﬂ————_T‘?537GE_UE_"_~‘___—.
12580 -3.72595E-01, -7.67315E€-03, 4.70933E 02, 9.68582E 01,
12590 -4.22001E-01, -7.67375E-03, 1.33967E 03, -4,20868E 03,
12606 -4.47680E-01, -7.627965-03‘ -2.82083E 03, -2.57957E 04,
=5 ~oT, = U3, 2. 21592 U, 9. 8Sseu/eE oY,
12620 -5.71926E-01 -7.18987E-03, 2.48710E 04, 8.8U963E 03,
12630 -6.10956E-01, -6.B0933E-03, 3.96911E 04, 9.06997E 03,
12640 -6.%51173E-01, -6.39%503E-03, 4 . 53108E 04, $.79811E 05,
=% =dr, -o. -Us, . P . U9,
12660 9.67023%E-02, -8.54877E-03, 0. ’ 0. f
12670 -9.644%54E-02, -8.58004E-03, 0. ' o. »
12680 -1.80417E-01, -8.57278E-03, 4.6077%E-095, -9.83258E-09,
WUUJSE:E 03T, LB N o. P
12700 VH(1,1,3)= .
12710 2 14531E'01, -1.08090E-02, -6.37S35E 04, 2.82208E 06,
12720 3.82022E-03, -5.49181E-03, -1.31343E 03, 1.20760E 085,
- = ’ T ol ) . : U/,
12740 -1,72625E-01, -1.12891E-03, 1.10036E 0Ss, . 3b200€ 07,
12750 -1.679239E-01, 5.%56411E-04, . 18697E 0S5, 1.28347E 07,
12760 -1.65430E-01, 3.41572E-03, 2 32020E 03, -6.20693E 03,
=T. =0T, . -03, TTTEI7TUB7E O,
12780 -1.26726E-01, 4,04730E-03, '5 55080E OJ -2.56072€ 04,
12790 -1.83097E-02, 6.95566E-03, 1.61386E 03, 8.80139E 05,
12800 2.93175E-02, 7.79503E-03, 1.61163E 05, 8.009877E 06,
. '] . ’ . » . L
12820 2.53187E-01, 1.13707E-02, 1.25099E 05, 2.69176E 08,
12830 3.74433E-01, 1.18813E-02, 8.989%56E 04, 1.52984E 06,
12840 3.45367E-02, ~5.64247E-03, 0. , 0. ’
T?35U_-_-—U—ETUUEE—UZ__-_1TF?BHGE -03, 0. s 0.
12860 -1.29683E-01, -5.82487E-03, -4,32787E-05, 3.09201E- 03
12870 3.20578E-01, 1.21081E-02, 0. ’ 0. ’
12880 VH(1,1,4)=
. . . . . ’ . '
12900 ~1.88508E~01, 4, 04085E-03, 5.10066E 04, -4.556%0E 03,
12910 2.3%8307E-02, 4,92407E-0)3, 8.21173E 05, 8.52753E 06,
12920 1.437%51E-01, 5.64988E-03, 7 . 96403E 03, 8.06420E 08,
. ’ . » 4 ) . ’
12940 3.02830E-01, 3.07863E-03, -1.57488E 04, 8.69369E 03,
129%0 3.2116S5E-01, 3.10608E 13, -4 ,33492E 04, 1.69797E 05,
12960 3.59708E-01, 3.06734E-03, 8.92473E 04, 7.81863E 0%,
. = - - ; =Y. 99SE2E U7
] . ' : ?
12980 3.79658E-01, -3.99102E-02, 1.44630E OS5, -2.07283E 07,
12990 2.74263E-01, ~8,78B029E-03, -2.069%52E 09, -1.27%508E 07,
13000 8.28274E-02, -1.34115€E-02, -2.77653%E OF, -1.00813E 07,
1. = ) L - ) <. : 0. .
13020 -1.885354E-01, 4,.67999€E-03, 0. B 0. '
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13030 ~7.7v397E-02, 5.05125E£-03, 0. . 0. .
13040 -4.60108E-02, 5.04989E-03, 5.87178E-03, -.28772€-02,
13050 ~1.08133:-01, -1.60689E-02, 0. . 0. '

13060 VH(1,1,3)=

13080 2.60170E-02, -6.14919E-04, -1.52%32E 04, 1.283%52% 09,
13090 %.59418E-02, -1.50387E-03, 8.536%57E 0S5, -7.347S3E 06,
13100 1.043%58E-01, -3.71372E-03, 8.10721E 0S5, -1.80750E 07,
. ] . * . ’ . [}
13120 1.%53795E-01, -1.21008E-02, -1.60941E 04, 1.00789E 0%,
13130 7.46016E-02, -1.20173E-02, -3.36289Z 04, 3.988296% 09,
13140 S.12730E-~02, -1.42472E-02, -2.86965E 04, -7.21942E 0%,
TITSO -9 =0z, =z 07, : 3 =3 v
13160 ~1.75904E-01, -2.46911E-02, 7.68874E 05, -3,6965:
13170 -1.352090E-01, -1.93737e-02, 1.2%5217E 06, 2.,3783
13180 9.73635E-02, -7.805%591E-03, 1.28%33E 06, 1.50803.
f - ) b AN = 1 . . 3
13200 3.21331E-02, -8.22582E-04, 0. 0.
13210 1.19714E-02, -9.56824E-04, 0. ) 0, ’
13220 5.97940E-03, -9.56666E-04, -9.34320E-04, -6.8%5197E-03,
T3IZ230 V. 9SIIIE-OT, =3 SAJIYUBESOT, U. Lo
13240 VH(1,1,6)=
13250 5.94602E-01, 1.33626E-03, -1.29366E 06, 3.64536E 06,
13260 ~7.48054E-01, 1.75184E-02, 5.79284E 05, -4.061769E 086,
T3IZ7C =1, 03730E-0T, T;cscnHE—U2"_“‘5—TZSUEE’U*"“_2”7ZSUQE‘07.
13280 -4,12408E-02, 8.36956E-03, -4.68400E 05, -2.33804E 07,
13290 -2.562%56E-02, $.56690E-03, -4, 54184E 05, -2.08552E 07,
13300 -1.38914€E-02, 1.41149E-03, 1.9%8394€ 03, -1.47%22E 04,
= = = '783275—03_“-'757133ﬁ7E’Uﬂ,
13320 -1, 63865E 02, 4 13678E- 04 -7.41460E 03, -4, 34602E 04
13330 ~1.12833E-01, -3.17239E-03, ~-3.22862E 05, -8.86319E O€E,
13340 -1.504146-0\, -4 .,04429E-03, -2.61739E 05, -7.310C7E 08, ’
- -uT, e 4 U3, . . 9.79428E 0%,
13360 -7.937%2E-02, 8.02184E-04, 2.80749E 0%, 7.03649E 06,
13370 4.02365%5E-03, 2.17926E-03, 3.27361E 0%, 4,058689E 06,
13380 -9.63229E-01, 2.62653E-02, 0. ) 0. ,
T3IJI90 =3. UB3ISSE-UT, 3. 26UZ22E-02, T B L' .
13400 -1.041 S€-01, 3.25966E-02, 4.743%52E-(C2, -1.652%8E-01,
13410 2.04103E-01, 2.76574€-03, 0. ) G. )
13420 VH(1,1,7)=
T32"T“““T‘T7BUBETUT""‘Z”9Z725E‘1Rr"‘“‘U’ZSZTBE”U!F""'T‘SQU77E o7,
13440 -1.7%5274E-01, 2.00732E-02, 2.82611E 035, ~7.30264E 06,
134350 4.47143E-01, 1.36572E-02, -6.169C0OE 03, -4.17116E 07,
13460 4.73693E-01, 6.66G3598E-03, -1.1%723E 06, -3.4415%E 07,
T3Z7U"_‘-Z'2'T29E'UT""'2‘77322E‘UU"'“‘T’SUU7ZEfTEE ~2.67T73E U7,
13480 3.7:243&-01, .11756E-03, ~7,795%588E 04, 1.1542%E 0%,
13490 2.856779E-01, -9 38300E-04, -2.051786E 0S5, 1.01447E 06,
13500 2.94979E-01, 2.44578E~03, 3.23967E 03, 3.02973E 06,
2. 07T, 57 = ~Z. P 3. 72777 07,
13520 -3.33708E-01, 4 29926E - 03 -2.54445E 06, 4,9322%5E 07,
13530 ~4,.08840E-01, 8.86959E-03, -1.05177E €S, 2.498B89E 07,
13%40 -3.55561E-01, 1.406645-02, -4.77767€ 0%, 2.79473E 07,
YIS0 -2.0B976E-OT, . 02, . 4, 2.337S6E U7,
13%60 -6.23521E-01, 4,18431E-02, 0. , ¢ )
13570 3.80799E-01, 7.082%0E-02, 0. . C '
13%80 8.26058E-01, 7.08077E-02, -2.13%31E-02, 6.59976E-02,
~Z. =0T, 2. 181T7TE-0Z, (o} N 0. ;
13600 VH(1,1,8)=
13610 ~-2.18343E-03, -1.,43600E-04, 6.74743E 03, 6.01848E 08,
13620 -1.37198E-02, 8.64072E-04, 2.51777E 04, ~4,14660E 09,
. - B -1, g -09, . [t A -b. A
13640 1.335027E-02, -1.21242€E-093, -1.70015€E 04, ~6,42049E 06,
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13630 2.63972E-09, -2.01271E-09, -2.30089E 04, -6.16636E 06,
13660 -5.96328E-03, ~3.46993E-03, 4.02223E 02, 6.2246%E 04,
13670 -2.80471E-02, -3.43295E~-03, 8.28692E 03, 1.482C "~ 0S8,
13680 -85.38%12E-02, -5.21847E-03, -1.33081E 09, -1.73598E 08,
TIEIU =8, 6IY7CE-UZ, T A GBI ITESDOT, T - 3 385 TTe oT‘_"!T5887UE—UE—""“""
13700 -5.95034E-02, -4,91232E-03, 3.95733E U5, -5.82054E C8,
13710 6.38105E-02, 1.63318E£-03, 7.06641F 05, 2.46380E 07,
13720 3,2%5264EK-01, 1.07170E-02, 3.84650E 095, 1.82400E€ 07,
T3I730 . JATTTE=DT, T JJ.SW"T‘E’BMF‘US““WGB: U7,
13740 -5 . 60644E-02, 2.97062E-03, (o] , 0. )
13780 1.80942E-02, $.82219E-03, 0. 0.
13760 $.47088E-02, $.82909E-03, -7‘48084E-03, -4.008685-03,
T30 =9 8UGS7E-UT, 1 38796E-UZ, . " L* )
13780 VH{1, ., 9)=
13790 -2.22800€-02, -2.8002%9E-04, 1.23472E 095, 9.26716E 03,
1380¢C 1.36868E-01, 4,91465E-0S5, -2.80902€ 05, 6.51707E 08,
‘T3BTU—"_‘EFGBBUBE'UZ"“-Z"TSTTSE'US"‘"‘T‘3§BTBE‘UB““‘2‘TZUUB‘ o7,
13820 -1.66433E-01, -4,65829E-03, -1.22815E 06, ~8.41626E 06,
13830 -2.59999E-01, -5.23750E-03, -9.69581E 085, -1.24441E 05,
13840 -3.71971E-0‘, -3.28900E-03, 1.20218€ 09, -7.79490E 04,
13860 -4.91018E-01, -1.48328E-02, 1.11303E 06, ~1.242%3E 07,
13870 -1.59611E-02, 2.62540E-04, 2.32962E 06, -7.94586E 086,
13880 1.13371E-01, 1.764G9E-04, 2.27644E 06, -1.87185E 07,
TIBYO — 2.342B3E-0T,  -3.T63SUE-UJ3, —  T.U9T7SE UF, =3. 2UB49E U7,
13900 2.00359E-01, -1.04373E-02, 5.69183E 09, -3.58363E 07,
13910 9.51926E-02, -1.52%64E-02, 1.40928E 05, -3.09884E 07,
13820 -3.23768E-01, 1.94220E-02, C. N 0. ’
TIV3I0 T.67977E-0T, 5. USZ33E-0UZ, 148 s L* B
13940 4.86090E-01, $5.06008E-02, 2.40803E-02, 1.3%5257E-01,
13950 3.98%82E-01, ~-2.06693E-02, 0. R 0. A
13960 VH(1 1,10)=
- -0q, TEEGOE U4,  S.3VUB/E J%,

13980 -3, 05997E 01 1.12700E-02, 2.41049E 06, -1,37680E 07,
13990 1.34633E-01, 4, 06295E-03, -4.3063%5E 05, -2.822%4E 07,
14000 1.07002E-01, -9,.48765E-05, -7.38934E 095, -2.01240E 07,

N4 07, = ~03, -8, T -T1.SU902E U7,
14020 -9.33984E-3, -4,35337E-03, 1.68177E 03, 1.32083E 0%,
14030 ~3.67229E-".. -4,2761EE-03, 1.98184E 04, 3.08906E 09,
14040 -1.77695¢-01, -1.40804E-02, -8.66131E 0S5, -1.16083E 07,
TAUSO -4.22573€~F <8, 04, S.037¥TE" 05,  9Y.097Swe &,
14060 -8.83102¢-03 1.55396E-04, 5.50465E 05, 6.69647E 06,
14070 4,29077E-02, 2.28189E-04, 3.63277E 05, -9,73023E 06,
14080 4,92966E-02, -1.91848€-03, 2.12%69E 05. -1.1%Y 50E 07,
TZUUU""“'E‘T!UU7E‘U?““"3‘277Z!EFTRr""”5‘72§UUE'UZ‘_“_TTU CI7TEO7,
14100 3.01836E-01, -8.02684E-03, o. , R
4110 4.40585E-02, ~3.55904E-02, 0. 0
14120 -1.7999\5-01, -3.563225-02, 4.436535-02. -1.560045-02,
TA130 Y. 003TTE-OT, -85, 43797E-03, U. 3 0. P
14140 VH(1,1,11)=
14180 $.77356E-03, -1.08B60E-04, -6.65321E 04, 1.40621E 08,
14160 2.79163E-01, 1.225%59E-03, -1.0%193E 06, 1.46731E 06,
YAT70 9 T3503E-02," V. 57T4TE-03,  T1.U4402E 06, -5.82/83E ©B,
14,80 1.70898E-01, -4,8F~34E-04, 6.235227E 03, -1.40%28E 07,
14190 1.87515€E~01, -2.4L277E-03, 2.50497E 09, -1.68080E 07,
14200 2.25376E-01, -7.62610E-03, -1.3147SE 0S, 4.64152E 08, I

. 4 - ’ <. ~ ’ 3. ’ . ’
14220 -7.43865£-02, -2.60679E-02, -1.46708E 06, -2.37443E L7,
14230 1.17844E-01, -2.52158E-03, -3.126%1E 04, 1.3%5649E 07,
14240 1.0606S8E-01, -1.31958E-03, -2.67602E 095, 1.47B43E 07, )

* ] . s 1) . rs
14260 -1.14477€E-01, 4, 23825E-07, ".16676E 06, 3.25380E 07,
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14270 -1.6%819E-01, 8.1372%€-03, ~-85.12796E 03, 3.34717€ 07,

14280 -1.28989E-01, 6.14888E-04, 0. . 0. ,

14290 -8.%7900E-02, -2.546%58E-02, 0. , 0. N

14300 -2.46758E-01, -2.55328E-02, ~4.35042E-03, 2.33492E-02,
=2 =g, E-0Z; 0. N -

14320 VH{1,1,12)=

14330

1.02496E-03,
2. 8450!E o1,

-3.86488E-04,
$.32372E-03,

-3.59071E 04,
~1.14884E 06,

4.25%% -E 06,
-2.38463E 06,

T.665&1E U,

=1.4b/00t U/,

14360 1. 473035 01 1. 28416E 03, -3.104S6E 05, -1.48263E 07,
14370 1.22701E-01, -4.,43544E-04, -6.20305E 05, -1.21120E 07,
14380 9.6!3495-02. -Z.ASSOSE-OS, -6.04761E 04, 1.81145E 0S5,
14400 3.40453E-02, -1.68234E-04, 1.57017E 0S5, 1.74462E 06,
14410 -2.00245E-01%, -8.76005E-05, -5.31215E 0S5, 1.84852E 07,
14420 -2.03800E-01, 1.51896E-03, -6.44906E 24, 1.96763E 07,
TYIZICT T-F.9Z2T6BE-UZ,  B.658aSE-04,  1.5428TE UG, ~3.83668E U7,
14440 1.445%51E-01, ~5.09298E-03, 1.77351E 06, -5.22487€ 07,
14450 ?.33400E-01, -1.14801E-02, 8.25340E 0S, -5.43533E 07,
14460 -1.98846E-01, 4.03927E-03, c. . o] .
1117U———“1r1599TE_U2'_—‘1F9534lt oz, 0. 3 o R
14480 -3.82317E-01, -4, 37679E-02, 7.24640E-04, t.09064E-01,
14490 4.00737E-01, -2.32687E-02, 0. R 0. N

14500 VMH(1,1,13)=

4.88000E-02,

14520 8.78981E-03, -l:46372E 0S5, -1.00420t 07,
14530 -3.%53280E-02, 3.31517E-03, -4.3%59%4E 06, -3.43343E 07,
14540 -3.56247E-91, 1.23488E-03, -3.54628E 06, 3.1750SE 06,

TaASSU— -5.1S6BBE-Ol,  2.89I1J39E-0U3,  -Z.338T9F UG,

2.UBT8BUOE U7,

14560 -7.91958E-01, 1.56426F-02, 5.98113E 0S5, -1.%96372E 06,
14570 -6.38465E-01, 1.38672E-02, 1.47026E 06, -9.34188E 06,
14580 -2.97909E-01, 3. 15508E-02, 9. 80669E 0%, 2.80668E 07,
; ~OT, o =Y, . " <5 07,

14600 2.66775E-01, -8.55084E-04, 2.03348E 06, -7.18945E 07,
14610 1.6348/E-01, -2.92261E-03, -1.67894E 06, 3.69125E 07,
14620 -6.27376E-02, 2.60411E-03, -2.02925E 06, $.27942E 07,
=7 <OT, ; <07, =T, N ST Y6UU7E 07,

14640 -4 .38117E-01, 2.19233E-02, 0. , 0. )
14650 1.40968E-01, -9, 26286E-02, 0. N 0. )
14660 -4.44076E-01, -9.28013E-02, -4.31849E-02, 1.04887E-01,
Y- ~oT, ~07, U. ; . N

14680 VH(1,1,14)=

14690 3.90274E-01, 2.43814E-03, -8.02199E 06, 1.93135E 06,
14700 6.29585E-01, 4.84176E-02, -4.%50673E 06, -7.20296E 07,
14720 1.18341E-01, 1.31427E-02, -5.37194E 06, -6.66023E 07,
14730 -1.36308E-01, 6.63829E-03, -5.36812E 06, -3.68644E 07,
14740 -6.07385E-01, 1.23807E-02, 6.59574E 05, -1.75157E 06,
-4. - , . - B . o, -1, 07,
14760 -3.87535E-01, 1.76769E-02, -2.44258BE 05, 1.85315E 07,
14770 -6.%52261E-02, 2.73649E-03, 2.45761E 06, -3.63086E 07,
14780 6.70377E-02, 9.58862E-09, 2.47342E 06, ~4.8673%5E 07,
. . 1 ’ . ] . 1]
SN 14800 7.70649E-02, -3.06943E-05, -9.04622E 05, 1.12684E 07,
¢ 14810 -1.03902E-0i, 7.61102E-04, -9.50084E 05, 2.01104E 07,
¥ 14820 9.38110E-01, -4.42073E-02, 0. ) 0. '
i -4, -0T, 2320E-02, o ) 0. )
! 14840 5.39%95E-02, 7.%52899E-02, 9.76%582E-01, 7.985%491E-01,
14850 -1, 453278-01. 7.48273E-03, 0. s 0. )

14860 VH(1 ,19)=
L = ) . ] E 07
14880 1. 68356E Ol 1.72rY "%-02, -1.23136E 06, *2 82470E 07,
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14880
14900
14910
14920

142840
14950
14960

14980
14990
13000

TSUTU_‘_-T'GTBTBE-UI.

15020
15030

1.60374E-01,
1 02403E-01,
-8.41002E-03,
-2.09043E-01,

S.17070E-02,
-5.31128E-02.

2.44892E-01,

-1.S55372E-01.
-5.19783E-02,
1.44227E-02,

ORIGH" L

- e oy RO

IR, 35

OF POCR QUALITY

8.83628E-03,
2.74176E-03,
8.65%596E-06,
2.00630E-03,

S.68482E-03,
3.79682E-05.
-4.16940E-04,

1.62226E-04.,
1.14929E-04.
-2.41492€-02.

-9.96441E 0%,
-1.92087E 06,
-2.13301¢€ 06,
2.39231E 05,

-7.16180E 04,
1.17732€ 06,
1.27040E 06,

-4.43506E 0S5,
-5.42054E 05,
0. .

-3.87026E 07,
-2.75611E 07,
-1.56124E 07,
-4.62615E 03,
8.76332E 06,
-8.87888E 06,
-1.45998E 07,

3.12954E 06,
8.08736E 06,
0. :

~9.88137E-02,
-6.17626E-02,

15040 VHI{1,1,16)=

T5U5U——___2‘853T9E‘U2‘_—15793973ETUZT“—-7723TT5E—U5T_—-1ETEUZTE—UFT-__—_____

15060
15070
15080

15100
15110
15120

15140
15150
15160

15180
15190

TS210 2. SE'IZZE’UI,

9.32566E-02,
~2.,44398BE-01,

-4.23547E*01,

-3.82090E-01
-1.04342E-01.
6.74736E-02.

2.58352E-01,
-6. 55526E-01.
-7.67344E-01.

3. 86J77E-02,
3.66158E-02,
3.21297E-03,

9.76378E-03,
9.64697E-03,
1.64043E-02,

3. 67S65E-02,
3.34063E-02.
1.13230E-02,

9.14973E-03,
-1.36148E-02,
-9.00441E-03,

U,

-7.85464E-03,
0. :

-9.15459E 035,
-4.72482E 06,
-2.02195E 06,

5.86612E 05,
1.10841E 06,
-9.09714E 05,

Ls "
3.87491E-01,
0.

3

-1.961S7E 07,
1.73793E 07,
4.34773E 07,

o7,

’ -4 23773E 06,

-1.55439€ 07,
-2.11327€ 07,

-6.61266E 06,
-5.09073E 06,
3.25542E 06,

~6.28921E U7,
-4, 45234 07,
4.01523€E 06,
3.27880E 07,

Ny =0T, : ~07, ; ; =T. 72680 U7,
1.42877E-01, 4.34713€E-03, 0. . 0.. ,
1.07141E-01, -5.29869E-03, O. , 0. R
7.432%8E-02, -%5.25654E-03, 4.42341E-09, 2.909S2E-02,

=T.53J58E-02, 0. ) 0. s

15220 VH(1,1,17)=

15230 ~5 37854E-02, -1,13185%E-03, 1.64159E 06, 2.15377€ 07,
15240 2.00853E-01, 1.99454E-02, -2.67299€E 06, -4.%59%47E 07,
~5. O, . 02, 5. R 2.96734E 07,
15260 -6.45908E-01, 2.78172E-02, -8.73192€E 0S5, $.13411E 07,
15270 -4,12002E-01, 3.33706E-02, 2.32413E 06, 3.23168E 07,
15280 -%.72103E-02, 3.73935E-02, 1.67690E 0S5, -4.35808E 06,
. ~OT, . ~07, -3 y - 07,
15300 4.18451E-01, 8.37344E-03, 7.92823E 095, -3 39153E 07,
15310 1.00606E-02, 9.26073E-03, -4.13296E 06, -4, 29428E 07,
18320 -2.07272E-01, 4,04635E-03, ~-3.60123E 06, -2.91402E 07,
; N . R . ) . )
15340 8.65486E-01, 1.59%27E-02, -2.05782E 06, -6.03377E 07,
15350 -4,409%58E-01, -1.3790SE-03, -7.2€848E 06, -2.16903E 07,
15360 4.06338E-01, 2.537S1E-02, 0. ’ 0. ’
T8370 4. S3392E-07, -2.35185E-02, 0. N 0. ,
15380 3.1445%2€E-01, -2.33117E-02, 1.04195E-02, 3.19781E-01,
15390 -5.24439E-03, 5.12635E-03, [+ ) 0. N
19400 ViH4(!,1,18)=
-4 -0Z, -7. 04, . B 07,
195420 1.43279E-01, 1.10665E-02, -2.77044E 06, -2 68477E 07,
15430 4.28485%E-02, 3.67%569E-03, 6.69870E 06, -4.03831E 07,
15440 4.89%581E-01, ~9,.94316E-03, 3.59349E 06, ~9.02048E 07,
: -orT, ~Z. -2, T.11378E 08, -9, ,
135460 8.51138E-01, -6.03422E-02, -1.7065%E 06, 9.86712E 06,
15470 3.34923E-01, -5.21016E-02, -3.44370E 06, 3.89747E 07,
19480 -3.64077E-01, -1.9272%E-02, -1.30419E 06, 3.38487€ 07,
~z 5T, 3 <62, ; s 90403 07,
153500 -1.176%9E-02, -1.04423E-02, 9.10701E 06, 5,233%2€ 07,
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18310 -6.63707€-02, -1.28S18E-02, -3.0864380E 06, -1.982079E 07,
15520 ~-5. 16992E-01, ~-1.76226E-02, 9.78846E 09I, 3.41696E 07,
183530 2.62429E-01, -$.21203E-03, 4.69818%E 06, 3.39454E 07,
15540 4. 229%56E-01, 3.36285E-02, 0. R [+ »

; oY, 2 02, LB . U, R
19560 3.65224E-01, -2.44838E-02, =-7.80S33E-03, -1.33486E-01,
18570 -2.67897E-01, 4. 95160E-03, 0. K 0. R
15580 VH(1,1,19)=

N <07, =S, ~U%, ~6.82076E OF, 5. 95959%E US,
15600 1.958221E-03, 1.43969E-03, 7.37522E 04, -35.28104E 06,
15610 ~3.62334E-02, 3.90226E-035, -1.53015E 76, ~4.62624E 06,
15620 ~-1.37904E-01, 4 50067E-04, -2.92432E 09, 4.69011E 06,
TSE30 =T. TY9ISYUE-UT, T. 03, . ; N oA B
15640 -9.35606E-02, 8.20417E-04, 1.98413E 0S5, -3.72765E 09,
15630 -7.05886E-02, 3.26033E-04, 4.82451E 05, -2.66986E 06,
15660 2.30083E-01, ~9.13756E-04, 2.78803E 06, -1.01064€E 07,

=Z. =0T, -3. -03, . . . o7

13680 -8.02800E-02, -1.52562E-03, 2.90079E 06, $5.43413E 08,
15690 -2.07587E-02, -1.09388E-02, 1.087S3E 06, -7.%593524E€ 07,
15700 -7.6457SE-02, -2.30819E-02, 2.31076E 06, -4.36577€ 07,

: -OT, ~2.08757e-C2,  V1.B1¥77E U%, T. 66339t U7,
15720 -1.53240€-02, -1.97817E-03, 0. R 0. .
13730 -2.639858E-02, 1.24017E-03, o. R 0. .
15740 -1.93778E-02, 1.22341E-03, ~-2.634< E-03, 6.70793E-03,
YS750 = 7.02990E-0%, T.520TAE-07, U, N L+ N

15760 VH(1,1,20)=

15770  -5.20245E-04,
15780 1.36699E-02,
15800 -1.16604E-01,
15810  -1.33893E-01,
15820  -1.59672E-01,

-6.72525E-05,
2.80643E-03,
-6.48811E-03,
-8.97125€-03,
-1 61984E-02.

2.61779E 03,
~1.49221E 05,

-2.613S8E 04,
1.03137E 06,
3.07129E OS5,

2.65847E 06,
-1.38486E 07,
-3, J’z,
-2.09995E 07,
-1.88123E 07,

2.08421E 06,

15840 3.75578E-01, -8.62385E-03, 5.66529E 06, -9,.78733E 06,
15850 ~3.23069E-01, -1.46480E-02, 4.53815E 06, 4.40903E 07,
135860 -2.93968E-02, -8.46665E-03, 6.18685E 086, 2.93204E 07,
IS8 9. 53077E-02Z, 5. 78200E-03,  -3.23374E U6,  7.62TUSE U7,
15880 -1.82012E-01, 1.56859E-02, -2.72977E 06, 7.46267E 07,
15880 -7.19922€E-02, 2.08493E-02, 4,.92383E 05, 9.2B470E 06,
13900 1.36495E-02, ~-7.86%98E-0S, 0, . 0. R
7. =03, : '8E-D4, U. N Lo N 3
15920 -2.81988E-03, 2.36388E-04, 1.32392E-03, -1.69408E-02,
15930 6.26415E-01, -1.29828E-02, 0. R 0. ,
15940 VH(1,1,21)=
X -03F, 2. 0%,  -1.02677E 05, = 2.03%4TE ©G,
135960 8. 19146E-03, 3.67539E-03, 1.17133€ 0S5, -1.64916E 07,
15870 -2.13565€-01, 1.56101E-03, -4.43713E 06, 3.48182E 06,
15980 ~3. 75929E-01, $.27423E-03, 2.99669E 095, 2.20776E 07,
16000 8. 23863E-01, -2.49498E-02, -2.4%5340E 06, 7.56531E 06,
16010 $.57048E-01, -1.71080E-02, -5.55078E 06, 3.96762E 07,
4;%20 -3.09407E-02, -2.827%7E-03, ~-1.19297E 06, 2.64379E 06,
. ’ . ’ . ’ . 3
16040 -2.97160E-02, -1.86691E-03, 1.81622E 06, 3.48022E 06,
16050 2.%99797E-02, -5.01944E-095, -3.58628E 05 4.64654E 06,
16060 -3.%50127E-02, 1.35957E-04, -2.97313E 05, 8.18881E 06,
. T . N . N . »
1€080 -2.86710E-02, -3.48276E-03, 0. N 0. )
‘6090 ~3.472%%5E-02, 1.45735E-03, 0. N 0. ’
16100 -2.%58980E-02, 1.42741E-03, -4,90738E-03, -1.27135E-02,
0%, ~d. GO03%BE-04, 0. . 0. )

16120 VH(1,1,22)2
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16130 -7.83249E-04, -7.30686E-05, 1.88423E 04, 4.09682E 08,
16140 1.79580E-02, 6.56251€E-03, -2.68071E 0S, -3.54213F 07,
161350 9.353285E-02, ~-8.92285E-03, 1.48683E 06, -8.14487E 07,
16160 1.43804E-02, ~-2.33140E-02, 1.310089E 093, ~6.76934E 07,

=T, ~OT, o ~07, : ; =X o7,
16180 7.90323E-01, -8.31021E-02, -2.81904E 06, 2.16177E 07,
16190 6.6886949E-02, -6.64819E-02, -4.83741E 086, 7.93374E 07,
16200 -1.1743%€-01, -1.832S53E-02, 4_358373E 06, 1.04432E 07,
T62TU ——  6.42922E-0UT, — =T.7008B3IE-UT, -9.72TZ8E UG, —6.2196TE U7,
16220 1.93366E-01, 1.34420£-03, -1.08847C 07, 1.03729€ 08,
16230 -1.84055E-01%, 7.56%587E-04, 8.90689 095, -1.95026€ 07,
16240 1.8S513SE-0!, 1.81172E-0), 1.83564E 06, -3.7955S58E 07,
T62S0 - T1.929ASE-UZ, ~A.TTE2SE-UT, =T S726TE U6, -&.74509¢ U7,
16260 2.967S6E-02, 2.55107E-03, 0. N 0. N
16270 7.82389E-03, ~3.65777E-04, 0. N 0. »
16280 S.60086E-03, -3.58744E-04, 3. 87239E-03, 4.95316E-03,
Y6290 - 7.488JTE-0Z, Z.9UBT6E-04, U. N . N

16300 VH(1,1,23)=

16310  -2.03195E-01,
16320 -2 84942E-02,
16340 1.12758E-04
16350  -3.0190SE-03,
16360 }.30504E-02,
16380  -3.60661E-03,
16390 9.70209E-04.
16400 1.48073E-03,
16420 2.96727E-04,
16430  -1.24997E-04.
16440 1 .26022€E-02,
16460  -1.15356E-03,
16470 1.3089iE-04,

16480 VH(1,1,24)=

T5530  5.26723E-02, -V1.21876E-02, ~ 3J.2414BE 06,

1.13667E-01,

16500

16510  -1.30247E-01,
16520  -7.02783E-02,
16540  -4.24239E-01,
16550  -3.10668E-01,
16560 1.86761E-01,
16580  -6.13423E-02,
16590  -2.27203E-02.
16600 1.22442E-02,
T8 . .
16620  -8.414125-01,
16630 1.42176E-01,
16640 1.45639E-01,

- .

16660 VH(1,1,25)= '
16670  -6.30607E-04,
16680 8.59402E-02,
16700  -3.54453E-01,
16710  -8.14389E-02,
16720  -9.98721E-01,
16740 4.93977E-01,

-4.20088E-02,
-1.06546E-02,

3.26977E-04.
2.73104E-04.
-2.74826E-04.
3.27220E-04.
2.46001E-04.,
1.27125€-04,
4.13617E-06,
S.96241E-06,
). 28864E-03,

-2.43737E 07,
1.46739E 09,

-9.22111E 04,
-7.26085E 04,
-%.02931E 04,
4.07103E 04,
1.45196E 04,
-4.43845E 03,
3.37007E 03,
-%.38022€ 03,
0. .

3. 18734E 09,
7.13333E 07,

-S.38552E 0S,
-3.44882E 05,
1.3SS08E OS.

-2.23783E 04,
-1.13985E€ 06,
-1.47507E 06,

3.30789E 04,
1.98087€ 04,
0. :

~Z. BE-UY,
-2.31673E-05,
4.24%523€-06,

4.17670E-02.
-8, 65938E-03,
-1.03461E-02,

~7.14600E-03,
-9.353845E-03,
-2.2N481£-02,
-8.19132E-03,
6.02946E-04,
3.93836E-04,

-1.09983E-01,

U. »
2.94946E-04,
0. ,

-3.9%5442E 05,
3.05919E OS,
2.05940E 06,

U. N
-1.11766E-02,
0. .

— 4. 706B6E U7

-3.12713€ o8,
-1.03074€ 07,
-1.07633E 07,

1.71231E 06,
4.21807E 06,
-1.0%488E 06,
~ 1 -
-1.27321€E J6,
-6.28833E 04,
3.00412E 09,

~T.7762TE 07,
-1.78247E 0S,
-1.51C03E 07,
2.56887E 06,

. o7,
1.10273F 08,
-1.89439E 06,
-%.89325E 06,

. . o. .

-7.49397E-09%, 0. . 0. »
1.85013E-04, -1.74447E-01, 1.785073E-01,

-2. E-04, . N Q. )
-2.82097E-04, -4,29355E 095, 2.73009E 07,

2.83799E-02,

-2.41944E-02,
-2.99816E-02,
-3. 16866E-02,

-6. 58036E-02,

2.65%513E 08,

5.27672E 06,
9.045G3E 06,
4.10661E 06,

-2.90433E 06,

~2.23732E 08,

-6, a7,
-4.04041E 07,
-5.18333€ 07,
4,03517E 086,

-2. a7,
6.17331€ 06,




167350
16760
16770
16780

1.02594E-01,
-1.90241E-01,
-1.21160E-01,

7.09214E-02,

-5.10866E-02,
-2.58601E-02,
8.62564E-05,
1.68982E-03,

-4 .45479€E 06,
-3.64472E 06,
-6.90206E 0S5,

1.63992E 06,

16790 =T 3TIIBE-UZ,

16800
16810
16820

7.40008E-01,
-1.56535E-01,
-!.SSSGAE-O!,

=1.2332E=0UJ3,
1.07669E-01,
6.77511E-04,
3.87727E-04,

2.49027E 08,
3.42530E 08,
-6.83973E 06,
-1.67542E 07,

=T-330T6E UG, =T. 79269t 07;

0.
o.

2.08020E-01,

s 0. s

0. ,
-7.94858E-01,

T8I0 - T1.S9TaJE-0L,
16840 VH(1,1,26)=

T3, TTSTAE-Ud,

U.

B v. f}

16850 -1.26856E-04, -3. 114%3SE-05, -3.87483E 04, 2.99489E 06,
16860 8.8853€E-03, 3.05128E-071, 3.93721E 03, -2.453S51E 07,
. =0T, =T, ot 1< P 1!1nnnznr1nr——-—s—asusss—us———-————

16880 2.09814E-03, -2.54290E-03, 9.49982E 04, -3.82573E 06,
16830 -7.87714E-03, -2.85%77E-03, 1.48970E 0S5, -1.Z03%04E 06,
16909 -1.83787E-03, -4.71050E-03, -1.84712E 04, l 43634E ©6,
TEQ =Z. 856 T7E-0Z, ~3.83T3TE-UT, ~1T.0UBTSBE U5, T ¥Sg2IET0S,
15920 -1.918510E-03, -2.24375E-03, 5.59625E 04, 5 35155E 0S5,
16930 8.48804E-02, -9.59047E-05, -2.23566E 06, 5.06000E 06,
16340 -6.31052E-02, -3.44518E-04, -2.53302E 06, 1.76773€ 07,
TH9D =oT, Z2.63822E-02, 6. ) . ST
16960 -5 30779E-01, -6.02442E-03, -1.14%31E 07, -1.03817E 07,
16870 1.95141E-01, -4.78980E-03, 1.25510€ 07, 9.61752E 0S8,
16980 2.92689E-02, 4.61654E-03, 0. R 0. .
TEY90  -6. T00T7E-UF, 1 .343S83E-US, U N L* I B
17000 -6.19136E-03, 1.74014E-06, -1.40738E-03, 6.18373E-03,
17010 -1.33840E-01, -9.78779E-03, 0. R 0. ,
17020 VH(1,1,27)=
17RxnT—"-1—2597TE‘03‘—‘_7T_0923UE-UJ =1.70359€ O&,  T1.14293E 09, -
170490 3.72608E-01, 1.22330E-01, 7.95328E 09, -1.04583E 09,
17050 1.35624E-01, -2.12933E-02, 1.04776E 07, 1.787S9E 08,
17060 5.638918-01, 4.98442E-03, 3.07691E 0S, 1.32479E 08,
Y7070 3. 9303UE-0OT,  Z.19395E-02,  -8.32326E U6,  T.38B993E OB,
17080 9. .4673E-01, 7.02359E-G2, -3.787%4E 06, -1.72369E 07,
17080 9.50851E-01, 6.51428E-02, -1.10422E 07, -7.36723E 06,
17100 -5.91074E-01, 9.13877E-02, 2.39923E 06, -7.67129E 06,

- =0T, . TE-UZ, - .,  -3.61007E 08,
17120 2.73607E-01, 3.827%54E-02, 6.78686E 06, -5.11801E 08,
17130 -3.36146E-02, -7.35109E-03, -7.78364E 05, -5.46628E 05,
17140 3.74487E-02, -1.31761E-03, 6.79812E 0% 2.80411E 07,

< ~0Z, . 07T, =T. , _2.81%aeE Jv7,-
17160 6.35673E-01, 1.18224E-01, 0. , 0. R
17170 -1.63853E-01, 7.46395E-04, 0. , 0. R
17180 -1.63998BE-01, 4,20347E-04, 8.92158E-02, -3.16519E-01,
T7T§U__T7'§8'UTE—U’E','—'—3'83027; 03, 0. B 0. B
17200 $ END

221



17210 SLIST3
17220 1TYPE=S,

1724C JT=3, 34,
17250 YS$=4E6,

17260 2S=4E6,

17280 QELEM=15,

17290 QFREQ=5S.2,
17300 $END

R4 A0 BE 19 £ 16 Anm—
17320 ITYPE=S,

17330 ILEM=2,

17340 JT=4,35,

17360 2S=1.695F6,

17370 10AMP=1,
L 17380 QELEM=185,
i 17390 QFREQ=5%5.2,
17400 $ENDQ
P~ Y7AYO SLYSTYT
- 17420 ITYPE=S,
17430 1LEM=3,
17440 JT=11,386,

17460 2S=230769,
17470 1DAMP=1,
17480 QELEM=185,

17500 $ END
17510 SLIST3
17520 ITYPE=S,
Y7530 TCEMZT,
17540 JT=20,6,
17550 YS=2248864,
17560 2S2248864,

17580 QELEM=1S5,

17590 QFREQ=5%5.2,

17600 SEND

T785T0 SIS
17620 ITYPE=S,

17630 ILEM=S,

17840 JT=7,37,

17660 2S=1.5E6.
17670 IDAMP=1,
17680 QELEM=18,

&
17700 $ END
17710 SLIST3
17720 1TYPE=3,

17740 JT=1,21,
17750 SK=1E6,
17760 DBAND=250,

Y7650 YSEV.SES,

Y7730 TCENsS,

Y7770 CTCE,
17780 $SEND

222
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17790 SLIST4
17800 ISTART=Q,

17820 TFINAL=0.200,
17830 1PRMUL=1500,
17840 I1PLMUL=20,

T=T,
17660 BEGTIM=0,
17870 BEGRPM=3311.2,
17680 TRHIS:=
T7850° 1,0,
17900 A=1.1855718E-6,
17910 B=-7.2149131E-3,
17920 C=1.4332664E1,

17940 UNBAL:= ’
17950 0, 1, 500, O,
17960 GYRO=

rl »
17980 2.42%99,

17980 3,2202,
18000 4,620,

18010 5,271,

18020 86,4430,
T803IU 7,572,

18040 8,27727,
18050 9,62440,
18060 10,49497,
YoO7OU 1Y, Z27%,
180680 12,5261,
18090 13,4482,
18100 14,39%9,
TETTO 19,9306,
18120 16,6908,
186130 17,4211,
18140 18, 20293,
T8I0 T, 18597,
18160 20,466,




18170 NPD»
18180 1,1,
T8I0 2, T,
18200 4,1,
18210 S, 1,
18220 7,1,
18240 9,1,
18250 10,1,
18260 11,1,
Y8270 14,71,
18280 16,1,
18290 19,1,
18300 20,1,
T8I0 34,7,
18320 35,1,
18330 36,1,
18340 37,1,
TB3ISU 1,3,
18360 2,3,
18370 4,3,
18380 5,3,
18390 7,7,
18400 8,3,
18410 9,3,
18420 10,3,
Y8230 1T, 3,
18440 14,3,
18450 16,3,
18460 19,3,
Y8270 20, 3,
18480 34,3,
18490 35,3,
18500 36,3,
Y85TD 37,3,
18520 NEPDs=
18530 1,3,1,
18540 1,3,3,
Y8550 2,4, 7,
18560 2,4,3,
18570 3,11,1,
18580 3,11,3,
T85§0 412011'
18600 4,20,3,
18610 5,7,1,
18620 5,7,3,
18630 6,1,1,
18640 6,1,3,
18660 1,34,3,
18670 2,3%,1,
18680 2,3%,3,
TB690 3,36, J,
18700 3,36,1,
18710 4,6,1,
18720 4,6,3,
T8I0 5,37, 7,
18740 5,37,8,
18730 6,21,1,
18760 6,21,3,
TETOSEND

ORIGER: w2 -
OF POOR QUALIVY
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THE CURRENT PROGRAN LIMITS PDR THE INPUY VARIABLES ARE- oRlGiNAL P;\GE ;3

MAX MB. OF PHYSICAL PRINTS NBY LOCATRD ON ThE mMEDAL SUBS

" OF PQOR QUALITY

MAN . NO.

OF PuYSICAL MAX N0

SUBSYSTEM POINTS OF WMoOfRS
\ 10 8
2 10 1] 3
3 10 s
T L3 Y
1 ] 10 A1 )
. 1e .
7 20 30
L b
. 20 .
10 20 30
e 10 30

NIMOX Y790 PO U TWOLP

MAN. NO OF PHYSICAL PBINTS POR SUBSYSTEM 12 OTHER THAN THE £ . 6. POINY: 20O
MAX. BO. OF PNYSICAL PRINTS FOR SUSSYSTEM 12 OTHER THAR THR C.&. POINTe 300
NUMBER OF MODES PFOR SUBSYSYEM 12 ¢ 2

13
MAX. NO. OGF TYPRE 1 PHYSICAL COMMECTING RLEMENTS: §
MAR. ND. OF TYPE I PNYSICAL CONNECTINCG BLEMENTSE: 10
MAN. MO. OF TYPE 3 PHYSICAL CONMECTING RLEMENTS: 10

N . wYSs 4
MAX. MO OF TYPE 8 PHYSICAL CONNECTING ELEMENTS: 10
MAL. ND OF SPIED SECMENTEs 10
WAK. WD OF UNBALANCE BIRTM EVENTSs 20

O . Tv 10
6P TIME-FOACE MISTORY LOADS: IO

MAN. WMO. OF TIME-PORCT NISTORY TABLES: YO

MAN NO. OF (TIME-FORCE] PAIRS & RACH RISTORY TABLE:s 10
)

Ill: IO- OF {POINTY DIRECTIAON) PALIRS FOR wHiICK COORDINATERS, DISPLACENENTS,
YELOCITIES. AND MODAL FORCES ARE WRITTEN YO THE PLOY FlL8: SO

MAZ. B0 OF (BLEMENT.PDINT DIRECTION) TRIOS POR WNICH CONNRCTING
E WRIYYER YO YWE FLOY PYLE: &8

WUMBRR OFf PHYSICAL POINTS WOT ON MODAL SURSYSTEMS:s O

DATA FOR MODAL SUNSYSTER

RRR-ICLS LP ROTOR SUBSYSTEM VERTICAL

NUMBER OF SUBSYSTEM DIRECTIONS: 2

SUBSYSTEM DIRELTIONS -

1 TELOEAL BTRUCYYEN VT
THETA-v [CLOPAL DIRECYION 2)

COOADINATES OF REFE

CE POINT RELATIVE TD GCLOBAL SYSYEM (TN )
K

) O T v [ Ts
COORDINATES OF PGINTES ON SUBSYSTEM {I1NCNES)
POINT LOCAL CODADINATE SYSTEM CLOBAL COORDINATE SYSTEM
4 ¥ Y ] v Y
1 -160. 991 °. ° -188 0. °.
2 -177.008 o. o. =177 °. °
L] TTYY 18§ L2 T A PSA L T L
a -194 778 e. °. -188.778 °. 0.
s .808 ° °. -230.808 °. °.
[ 128 ©. ° -283.328 0. 0.
Y 7Ty ] LR TR I T L
[] 118 °. °. 282. 118 °. °.
. (113 °. °. -2680. °. °.
10 338 . © -278 O . 0.
RUMBER OF SUBSSYSTEM POINYS: 10
WECTIUY WOBL YVFY TYRENALTIOS  CERIRALTING
MOPE  COORDINATE  PREOUENCY POYENTIAL ° OsFLEXIBLE  CENERALIZED STIFFNESS DAMPINEG vALUE
auNsER NUMBER Re™ ENERCY  PACTOR  1:RIGID PODY WEIGHT-LB Le/1n (Lo-82C)/IN
T T Y YSIT oY L2 T LB T, LB
2 2 4.2 0. [} v. 0. °.
3 3 1 °. ° [ 2.3402 04 ..
. . 1. ° ° . 2.382¢ o8 [
X L L ] ] T T ETCL % T,
. . 3 0. ° [ v.7208 ©8 °
? 7 ] o. ° .. 2.017¢ o8 °.
s s 3 0. ° B 6. 0008 o8 [
¥ ¥ Y LB ] T : 1]
10 3 7. °. ° 2 1 °.
" " L] ° o LN 8. o.
12 2 1 o © 2. 2. ©
TS Ty T LB X ] T ¥ T
14 14 .. °. ° .. t.s412 07 o.
NUMSER OF SUBSYETEM MODESs 14
THE MODE SHAPES FOR THIS SUBSYSTEM aRe- 225
MOSAL DISPLACEMENTS ™MODAL PORCES
TOTAT TENERITTITS TISERL OTRETY Y ON TIORAL DINECYTION
“oDE COORDINETE  POINT : 2 1 2
NUMBER NUMBER NuMBER ] THETA-Y H THETA-Y
7 v T SATVTY T FIE6Y -7 TEE B8 <% IOT &1 - -
1 , 2 -0 7e04} ¢ c1007 -2 S188-07 2.8848-08
1 . 3 -0 28089 ©.o087e s SOBE O Y

N



fa

Cond
1 1 . -0 -7.0018 00  -2.7388 02 MY
' 1 . -2 -8 ¥ 7.08 ' OleNAL PACE is
y 1 s ° © 0100 °
Y T v T mr_nrm'_—rm‘—rmﬂv_—'—or—fﬁeﬁ—eaﬁuw——— - g
1 1 s °. 0.
' ' s .. ° -3. R
1 1 10 Q. 0. 01008 -9 [ B )
| 3 1 °. ©. 00784 2.2008 o0 o 1808 01
2 2 2 o ° covea e.ev00-08 '
2 2 3 ° PR -1.408% 01 1.
¥ Y T 5 T8I TTYYIEST T
2 2 s ° -3 a¥82 00 -1.813% 02
2 2 . °. ° °.
2 2 1 °. ©5.1328 01 -i.ga2M-08
H ¥ L s I'n ¥
2 2 . °. -3 00aE o1 v
2 F 1o °. s.s298-08 10

3 2 -0.308.8 ~0. 03404 ~2.792¢-04 8.828
3  } -8 . 10%1Y 0. 0338 7.202
3 4 -0 . T8118 0. 02282 3.8823¢ o8
3 3 . .
1 ©.03800 9. 0.
3 ©. 03880 -8 4988 o0 1.8630-08
3 0 02732 [
3 . . LB L)
3 1 ©.03732 8. 0408-08 s.802
0. 03841 1.1808 o4 3 0228 o8
O OXRET & . 8803-04 [
@.03830 -2.823¢ o1t -2
-0, 2 ~3.708C o4 -1
-0 - 9008 @4
LN N
© 2.1088 OF <1.8372-04
LJ [ °.
o 3.225¢ o4 -7.783% 08

+©. 00882 ~2.838EF 04 -§.380L o8

-0 00888 ~8.878E-04
-0 B
©. 03114 0018 of
“0.01787 -7.000L 08
. 00137 .
. 2708 -0R

soauecsoninee (cradesndan assamassne

eraun= j[onnjvansfun - o-.ﬂ-aouu- CLEEY LYY Sy LR

eHecsven o u l.l!..ln*.-. 444-Jq4-444q . LLEX CX X l-’lJI-.Il-. d-bl-..n-.J- "X DXV R [V VRV

s
- ',
s
- 1.
1 1.
0. °.
'S 8.1848-08
[ B
' -2.0182 o8
- 1 -3 8088-03 2. 0848-03
] 8968 08  -3.7188 O8
: 7 .o87E2-03
' v
7
7
» ’
Y yr—
- 1 s
' 7 .
; 7 10 -1.1208-03
>
B [ 1 3 4008 o8
. . 2 .
A 3 3
- ¥ ¥
s s
i [ 4
s 7
ke T 1]
s . . 3.1088 o8
! . to 0.02827 ©. 00048 s.8100-08
t ¥ T Y =
i . 2 -2.8180-03 -1,
, . 3 -7.0138 00 1.
, . . 3.088¢8 oS 3.
) ¥ 13 T T
E . . 0.
. 7 .7,
Lo 1 s 0.
X T ¥ o
¥ s 10 0.
¥ 10 10 ] -9,
b TS T ¥ Y
¢ 10 10 3 -.
} 10 10 . 3
. 10 10 s -5 8388 03 9. 3088 08
s TS 5 ) LB L2
B E 10 1o ki s. (1] s.9810-02
1] o to [ °. °
18 10 1 -1. 0138 07 1.83c2 07
t—s L] s XT3y Y AN OT
t
gl T 1 3.709¢ o. 3.2208 o8
8 1 11 2 . . 1.2830-03  -1.8288:01
[ S A SRS BT 3% 5 1 JNSSSEET DY1 2 At SN 0 R0 SN T DN RTTE} |
g 1" 1" . -7.7¢88 08 -1.282K o8
] K] " 1" . -3.688¢ 08 -8.4302 08
j ' 11 [ . °.
T 1 Y YOy 57 -V ITIT-5Y
3 1" " . 0. °.
" " . 1.347¢L 08 1.32888 ©7
1" 1 10 -2.8788-03  -0.8888-03
12 12 1 -3.0226 ©8
12 226 12 2 .33
12 12 3 [
T4
12 12 [ 3
1z 12 s °
|12 12 7 4.3218 0) ).
L] 1 ] L 5"
12 12 . -1.8830 o8 [
12 v (1Y "72-02 .




ORIGHNAL PAGE i3

13 13 s © 03298 ©.00118 ~5.9788 o8 OF POOR QUAL“‘
'a 13 2 -0 0003 -0 e0301 -8 8070-02
- : ; STIT-5Y
13 3 . o asv04 o 13238 16088 68 -B.8708 o5
13 12 . o.82200 . 07288 Y1631 o8 -8 6872 o8
13 13 . 0.23787 -0 oasas °
3 13 hd ©.902743 -9 -
13 13 s -0 12808 -9 03788 ..
13 13 v o 17082 - 80008 -3.1488 OB
13 3 10 IR LY o.03721 $:.3138-03
' © 02400 o.
2 o 01778 -0
3 ©.00%80 -0
7 53 5
[ ] ® 41127 -0.
s 0. 14 ©.
7 o o7ass °. 808 -01
8 §. 18848 L) .
. RIS -6 naor o1
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38 “9.888 o 10008 0. Q.
3 o.142108 0.00007 o . 0.
LI LKL 1L 5. 88018 T Iw-sT - TRr-el
” «0.00879 0.00027 o. [ ]




ORIGH. L 2z (5
21 -0.000632 ©.00028 -l»:lu [13 .l:"aon 7 OF POOR QUAL'TY

-y‘

22 2 t o8
23 -3 178k o8
28 -0 9 088k o8
26 -0 4. t07¢ o8
27 -0
18 L]
28 ]
20 -0
31 -0
3 -0
348 ©
a8 ¢
a8 -9
3 X}
21 -0 -3 8788 o4&
2 L] J. 831¢ 83
23 ® 2.82680 o8
28 © L] oF o6
28 -0 1 ot 0%
a8 . <Y
t ) -0 1.082¢ o8
28 .o
29 ©
1] -0 .
E -] [ ] ~2.0168 07
1 -0 ~1.1a88 oY 1.0388 07
33 ° ;. 2880 07 -9 .6182 O¢
kL) -] ¢. L]
s -0 o. o.
1) -0 “1.4072-03 -8.1882-0)
37 -0 0. O .
27 100 2 -0 *1.704¢ ©8
27 100 232 o. 7.0822 of
27 100 23 o 1. 0481 07
—yr-
7 100 28 0. -90.3230 o8
27 100 28 -] -3
27 100 27 . -1,
t &d 160 k1] -% LI
7 106 28 -0 17
27 100 30 o. [ B
27 100 31 -6 -7,
k ki T80 e ] LI
27 100 31 -0, -1
27 100 34 ° °
27 107 38 -0 ] Q.
7 1338 % -9 §.922¢-02 3.188%-01
27 100 37 . o. o.

TOTAL WNUMBER OF SUBSYSTEMS: ¢

TOTAL NUMBER OF MOOES DR GENERALIZRD COOADINATESs 100

SUMMARY OF TME MODES OA GENERALIZED COORDINATES-

CENERALITED

NAIROX )90 M) 4R TWOLP

RALIIED GCENERAL TIED CENERALTIED
NUMBER WEIGHT STIPPFNESS DAMPING VALUE
1 9.4288 02 ° o
2 Y TI%Y &3 LB S
3 $ 1088 o2 2. 3428 04 o.
) 9 .924C 02 2 0.
L] 4. 3212 o1 1 0.
L] 1.038F 62 T L.
b $.0028 0O 2 ©
L] 1.8142 02 [ ©.
1] 1. 309€ 02 1] o
L < 35T 02 1 o.
(B} 1.1882 02 1) e.
12 2.0128 02 t ©.
13 L 2 o
L] L] T T L
18 1} ] 0.
18 7 ° o.
17 L] 2 04 © .
1L ¥ 2 o8 o
19 [ ] 1 os o.
20 1 ? (13 .
21 L] 2 o8 (]
33 Y. ¥ (13 T
3 i os o.
24 2. oY o.
a8 1. os o
a8 LB o7 []
27 1. [ 24 °
a8 9. o7 ©.
29 ] o
T L}
3t 1. o3 -2
32 1 os -4
33 [] os -2 -
w 3. oY T
38 b . o7 -3
3 1. 2.3082 07 -8
37 3. Y. 138F ©7 2.
1) LB & L)
3 2. . .
a0 1. 1.812¢ O
a1 1 4.7221 vs
a2 ¥ I T33E B
a3 3. 2 4248 07
" b 9.077F 0
a8 1 2.308¢ 07
L1 X7 T.V3I8E OF
7 3. [ 8
49 v 0.
a L 1. 058K o8
L1 L] 3 SToF ©OF
81 8. 3 1812 o8
2 t. 8.8818 o
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ORIGINAL ol B
OF POOR QUALITY

.
7
71
7 2 anae o3
e 3 0038 o3

7% 1.130F 03

13 - 13

SUMMARY OF TWE COURDINATES FOR THE PNYSICAL POINYS-

T SINY —  CUSKEINAYEY TYRCAUST-CIOWAL SVETER
numsgER x Y H

~188 991

-T77.38%
-172.188

e salen v

0000000000V OOOOD000000CO0OONOOO|00 000
000000000000000000000#000000000#00000

RENOX 9700 M) WS TWOP
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NEROR P98 PR UM TWOLP

PHYSICAL CONNBCTING SLENENT BUMOER

ELAMENY TYPR:s §

ORIGINAL PACE i3
OF-POORQUALITY |

BUNSER BF BND POINTSr 3

POINT NUMBER AY 1| END: 3
WOREEN RY J YWD 3%

WYNBER OF DIRECTIONS FOR PDINY AT I ENDes B

X I1GLOBAL DIRECTION B)

Y (BLODAL DIRETYION 3)

2 (ELODAL DIRECYION 1)

= TYTOW ¥7
THETA-Z (BLOBAL DIARCTION &)

NUMBER OF DIRECTIONS FOR PDINY AT J END: 8

prRgcrioNs A POINTY AT J END-
] (ELOBAL DIRECYION 8)
y (CLOBAL DIRECTION 3)

1]
THETA-Y (GLOBAL DINECYION 2}
THETA-2 (GLOBAL DIRECTION &)

. 0.
ING CONSTANT IN . DIRECTION: 4. 0008 OO
NG CONETAMT IN 2 DIRECTION® 4.0008 o8
lPllIG CONSTANY IN THETA-Y DIRRCTION: 0.

. LT TaNe 0.

@-FACTIDR: 18.0 FREQURNCY e $8.2 MERT2

OAMPING CONSTANTS (LALCULATED BASED OF ABUYE O-FALTOR AND FREOUENCY)-
QAMPING COEPPICIRNT 1IN X DIRRCTYION: LB

. 1. 989% €3
OAMPING CORFPICIENT IN 2 OIRRCTIONS 7.8800 02
DAMPING COBPPICIENT 1N YMETA-Y OIAECTIONT: ©.
DAMP JNE COEPPICIENT IN THETA-2 DIREBCTION: 0.

PHYSICAL CONKECTING ELEMENT WUMBER 2
2LENs T TYPR: 8

HUMBER DF END POINTEs 2

POLINT NUMBER AY 1| END: 4
FPETRY RUNSUX XY J IRV 9%

NWUMBER OF DIARRCTIONS FOR POINT AT I END: B

X {GLOD QIRECYICON 8)
v (GLOB. olIRECTYION 3)
4 {cLOsAL DIRECYION 1)

- L
THETA-2 {GLOBAL DIRECTION &)

WUMBER OF DIRECTYIONS FOR POINT AT J ENDs &

Dlllt?l'll FOR FOINT AT J BND-
[GLEBAL DIRECYION 8]
V [GLOBAL DIRRCYION 3)

ON
THRTA-Y (GLOBAL OIRECTION 2)
THETA-3 {GLOBAL DIRECTION &)

. 0.
SPLING COMSTANT IN ¥ DIRTCYION® t.408L 08
SPRINC CONSTAXKY N 3 DIRECYION: 1.808E 08
BPRING CONSTANTY IN THETA-Y DIRECTIONS 0.

<Y DTRECTTION: o.

Q-PACTOR: 18.0 PREQUENCY $8.32 KEnT2

DAMPING COEFFICIENY IN X DIRRCTYIONS  ©.
[ DEWPTRE TOX

DAMP ING CONSTANTS [CALCULATED BASED ON ABDVE O-FACTOR AND FPAROUENCY)-

PFTCTEXRY TN Y RIRECTION: 1.
DAMPING COEFFICIENY IN I DIRECTIONS 3.
DAMPING TOGFPICIENT JN THETA-Y DIRECTIODKS
QAMPING CORPFICIENY 1IN THME -2 DIRECTIONS

d.
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PAYBICAL CONNECYING BLEMENT NUMBER 3
CELEMENT TYPRe @

LR T o 4

e g =

N' POGR QUA‘.."’

NUMBER DF BND PDINTS: 2
POINT NUMBER AT 1 Sude 1%

TN AT J RS I¥
MUMBER DFf DIRECT'ONS *OR POINT AT . ENDv &
BTRELYTORE PUN . oTRY &Y I UND~

X (GLOBAL DIRECTION &)
v (GLOBAL DIRECTIIN 3}
2 {0LORAL DINECYION 1)

3]
THETA-2 [GLOBAL DIRECTION &)
NUMBER OF DINECYIONS POR POINY AT J ENDs 6

nlllrvlnus PON POINT AT 4 END-
tCLOBAL OIRECTION §)
v {CLOBAL DIRECTION 3)

THETA-Y (GLOBAL DIRECTION 2)
THETA-1 (F.O0DAL DIRECTION &)

0 R
SPAIF" ““NSTANT IN Y DIRECTIONS 2. 3048 o8

SPAIS  © NSTANY 1N I OURECYIONS  3.3088 ©%

FRRINL  UNSTANY 1M THETA-Y DIRRCYION: _ ©.
CENEYRRY TR YRETA-Y BTRECYTION: — §.

o-FACTOR: 8.0 PREQUENCYS §8.2 NERTZ

DAMPING CONSTANTS (CALCULATED BASED ON ASOVE 9-FACTOR AND FREQUENCY)-
DAMP NG CORFFICIENT IN X DIRRCTION® 0.

" . oT
DAMPING CORPFPICIUNT IN 2 DIRECTION® 4.4308 O
DAMPING COEFFICIENT 1N THETA-Y DIRECTION: e.
OAMPING COEFFICIENT )N TNETA-2 LIRECTION® [

PHYSICAL CONNECTING ELEMENT N.BER &
Es EMENT TyrRe &

NUMBER CF ZND POINTS: 2

POINT NUMBRER AT I ENDe 20
[ FTTRY WUWNETN

AY JTEREET ¥
MUMRER OF QIRECTIONS FOR POINY AT 1 END* B

: -y
x (GLOBAL DIRSCTION ¥) t
A ] (GLOBAL DIRECTION J)
2 (GLOSAL DIRECTION 1)

- 2]
THETA-Z {GLOBAL OIRECTION &)

HUMBER OF DIRRCTYIONS POR POINY AT J &ND: 8

Il'lt'lﬂul FOR POINY AY J END-
{GLO0NAL DIRECTION §8)
' (GLOBAL DIRECTION 3)

T TETORL BYAWEYTON VT
THETA-Y {GLOBAL DIRECTION 2)
THETA-Z (GLOBAL DIRRCTION &)

ART TN X DIRELTICN.

SPRING CONSTANY 1IN Y DIRECTIONS

ING CONSTANT IN 2 DIARCYIONT
]

Q-PACTOR: 18.0 PREQUENCYS 58.3 MNERTZ

DAMPING CONSTANTS (CALCULATED GASED ON ARDVE @-FPACTYDA AND PRICUENCY])-

OAMPING CORFFITIENTY 1M X DIREETIONG O,

—SIWFTRE COTPPTETUNY TNV BTRNLYTON 1.7
DAMPING COEFPICIENT IW T DIRRCTION: 4.9
DAMPING COEPPICIENT 1N YHETA-v OIRECTIONT O
DAMPING CORPPICIENY IN TMEYA-I D.RRCTION: O
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PHYSICAL CONNRCTING ELEMENY NUNORAR

ELENENRY TYPEs §

o - om rew

ORIGRNAL e s
OF POOR QUALITY

BURER OF RND POINTS» 2

POINTY WY A AY 1 END: 2
0 kd

NUNSER OF DIRECTIONS FOR PRINY aT 1 8

n {sL002L CIRPECTID §)
AL DIRECTION 3)
L BIRgsTION 1}

O T 2
THETA-2 {(GLESAL DIRECTION &)

HUMSER OF DIRECTIONS FOR PRINY AT J End: 8

olrecrions 7@
¥ [ .

¥ 1GLOGAL DIRRCYION 3)

SIT DYNELYTOW 1]

THEYA-Y (G
THETA-2 (6L

[~ LPATHE CONEYINY 1™ 441 Do)
SPRING CONSTANY It v . CTION:  1.800F ©8

SPRINC CONSTANY IN I w. SCTI0N2 1.85008 O8
SPEING CEMS .ANY TN TWEYA-v DIRECTION °

5 T
e-FACTER: 8. 8 PREQUENCY? 3.2 nERT2

SANP INC COEFPICIRNTY N X SIRECYION: o
T

BAMPING CONSTANTS (CALCULATED BASED ON ASOVE Q-FARTOR aAND P

[ T1 % 1384 1)
SAmeING CCE
GAMPING CORPPICIENT 1IN TNETA-I DIRECTIONS L]

T I DIRECTIONS 1 salt o2
o

PAYSICAL CORNECTING ELEMENTY RUMSER
ELEMENY TYPR. 3

NUMBER OF BRD POINTS: 2

POINY WUMBER AT ! Eab:s ¢

. 7V

WUMBER OF TIRECTIONS FOR POINT AT [ &ND¢ 2

[ OTWET YTl WER PETHY &Y YT UNWD-
Y &0 DIRECTION 3)
L DIRECTION 1)

DIRECTYIONS PFOR POINT AT * END-
Y (CLCBAL DIRECTION 3}

3 1)

LOCAL RADIAL SPRING RATE: 1.008 08 LO/IN

RADIAL OR s 280 O MILS
L5TAL SARPTRE COUVFITIUENY: O {L8-3ECI/IN
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OR“IET\L T e .3
MUMBER OF TYPR ! PNYSICAL CONNECTING ELENQUTS: @ o POOR Qd;‘h‘?v
BUNSER OF TYPE 2 PWYSICAL CONNECYING ELUMENTS:

HUMSER BF YVPQ PHYSICAL CONNECYINEC SLEMENTS: O

2

WUMERA OF TYPE 3 PNTYSICAL COENECTING RLEMEERTS: 1
.
s

NuUMBER BF TYeR PRYSICAL CO

ECYING SLEMENYS: §
TOTAL NUMGEA OF PHYSICAL COMNECTYIAS fLEMENYS: &

TRIS RUN IS NOT A RESTARY RUNm.

Ting STEPs O 000008 SECONDS

Y .
PRINT MULTIPLERC 1800
rFLOT NULTIPL 20
T P T WS YU RO TN VN W TER YFTTE - YTOr HTEYSEY YX THFUYT Y
BECINNING TIME POR FIRSY SECHENT: o SECOuSS
SEGIMNNING SPRED POR FIRST SECHMENT. 331t RPu
EnNDing acceL
TiNg RavE
SEERERT  SECONDS RPM/SRT
1 1.000000 °
TETAL WUMBER DF JPEED SECMENTS FOR JUDRPENDENY ROTEA
[ RTEYERY: 1

ORPENMDENT ROTYOR NRUMPER: 2

ar C.119E-08 ¥ -0.721R-02 Cs 183 L L 0.208E O&

SUMRARY CF UNBALANCE LOAD INPUY-

sinTH roimY MAGNITUDE PRASE ARGLE
TIME (SEC.) mumSER G- 10 DEGRERS
L] T L1.1] L]

TOTAL NUMBER OF UNBALANCE BIRTH BVYERTS:

[T YTYIL WOISER &F Fs Y v -]

TOTAL NUMBER OF TIME-FORCE ®ISTORY LOADS: ©

[ SUWMRRNY OF YRY "SGECOPIT (U4l TEPOY-

POLAR MOMENT
POINTY OF 1MERT1A
1 4]

SSJINE SN -

TOTAL NUMBER OF CYRO LOAD LOCATIGNS: 20
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RIVOX STE8 PP (F) TWOLF

T ORIGINAL PAZL (S
THiS AUN PROBUCES A PLOY FILE (FILE CODR 23). OF POOR QUAL'W

TINGS ROYOR SPREDS. AND ROTIR ANGULAR DISPLACEMRETS

“relT FICE

2 WRiITYEN

PLACENENTYS, VELOCITIR WODAL FORCES aAND C ATES
QUTS THNE PLOY PILE POR THE FOLLOWING POINTS AN SIARCYLIO

SLO8AL

i
[ 1] DIRRCTION

4141414141111-chnﬂuunduu“ﬂnnnJunu

U“IMU“““H“HU““HU“——O.-4.¢‘4~——T-—

. Iy
®MO00AL PORCE. AND COOADIERATE PLOT FILE SUTPUT: 36

THE ARLATIVE SISPLACEMENY WACHNITURE. CLEARANCE. AND PORCE MACNITUBR
TT WYYTEN Y§ YHRY PLOY PYLY VBR Al1 YVPE T PRYITUAL CURNECYINE

CELEMENTS (RUB ELEMENYS){IF ANY)

PHYSICAL CONNECTING ELEMERTY FOACES ARE WRITYEN DRTO YNE PLOY PILE FOR THE
T YSITWETAZ PRVETEAT CORNYTYTRE ViUWENYY, PUTHYE, END BYRUCYISNY-

ELEMERTY roINY DIRECYIODN
(UL 1] LI 14 AUMSER GIRECTION
] 3 ) b 4
) 3 3 ¥
k] L 3 k] X
2 L ] 3 v
3 1" 1 4
3 T 3 v
L] 20 , 2
L3 20 3 v
] 3 1 2
L] 7 3 v
[ ] | 1 4
s 1 3 v
1 38 1 2
1 38 b | v
3 3% ' b
2 38 3 v
3 3¢ 3 v
Y Y  §
. . ’ 3
[ ] [ ]  § A\
[ ] 37 ] 4
L J 7 3 Y
] 2t 1] E
. H4 3 ¥
TN OF YTEWNENYS . POINYY, AND BINITYYUNT FUN YUMENY FONCY PLOY

PILE DUTPUT: 24

247




L

[y

SUNRARY 8F Tng C

RLEMENT
[V {3
sLEMENY

SLENERY
SLEMENTY
TLENERT

aLENENY
ZLEMENY
fiLEnknY

ELENENT
eLemEnT
ELENENT

gLEMeNT 3§
ELeMENT o
ELEMENY @

SCTIONS SETWERN YNE PHNYSICAL

3 15 CoumelTE® YO

CIRD T SYESYSTRM
CTED TO SuSSYSTYEMm

.C' ¢ T9 SUBSYSTEm
NECTED 'O BJSEYSTEMN

CONGECTINgG SLemMERTS

ORIGHRAL 755/

o
s
Lt

OF POCR Qu~ ity

AND THME MODA. SUBSYSTEMNS -

¥
[ 3N L1 LONN | Ll S VYE TR 2
ELEMENTY 1 CTE9 Te SwesvYSYEM 3
QLEMENY 1S CONRACTYAD Y& SUBSVESTEM

AY POInY @
Ay PAINT 2O

P AN AD SN AR SN

POINT

PrOrnY

*CINY
[ L 22 21
SINT

[ -2 24

rRINY

»

(L2124
sOINT

oInt
POINTY

SUMMARY OF THE CYRD LOAD LOCATIONS On THE WISAL 6

1 9F SuUESYSTEM

2 OF gUBSYSTEM
2 OF SUBSYSTER
3 OF SUSSYSTER

4 8F BSUGEYSTER
4 OF SUNSTITER
yETER

¢ OF SUBSYETER
6 OF SUOSYSTEm
T OF SuESVETER

SUSSYSTER
SURSYSTER
9 OF BUBSYETEM

10 GF SUSSYSYEN

POINTY 10 OF SUPSVETEM 2 1S A CYRO L
POINY 11t OF SUBSTYSTER 4 18 A CYAD L

v

14 OF SUASYSTER
14 B¢ ZUPBSYSTEM

SINT 1S OF JNGSYSTEm 4 1S A GV

19 6F SUBSYETEN

SUBSYSTEM
SUBSTYETEM
18 OF SUBSYSTEN
19 OF SUBSYSTEN
10 OF SuUBSYSTEN

20 0F SUBSYSTEM

1 J8S & GVYAG LBAD LOCATION

t I8 A CYPO ¢ LEcaTION
2 IS A GYRG LSAD LECATE
T 18 A GYRe L

T I8 & GYAS LOAD LECAYIDD
2 1% A CYRG LBAD LOBCATI®
1 I8 A & LBAD LECATE

1 18 A gV Lecaries
2 I8 A GV LeCATION
1 18 A& €v l.l. L8CAT)

1 IS A CYR® ¢ LBCATION
2 1S A GBYRO L8CATIOE

1 18 A CYRD LSAD LOCATISHN

1 1% A &v L840 LSCAYIOR
LOCAYISN
Lacariem
4 IS A SYRS L LBCATION

8187 12 OF SUASYSTEM 6 IS & CYRO L8AD LOCATION

4 18 A CVRS L LOCATION
S I8 & GBYRE® L LECATION

L LecaTION
& IS & GYRO LOAD LUCATION

POINT 14 OF JUESYSTEM & IS A CYRD LOAD LOCATION

S IS & CYRS

4 1S & CYRD

S 18 A GYRD LBCAYION
4 18 & GYRO LecayY)

L LOCAaT]

D LOCATIOR

RENOX 97090 P9 WS TWOLP
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ORIGINAL P2ACT IS
OF POOR QUALITY

MENOX 9708 O U TWOLP

SPEEP: 13483 mem
ACCRLERAT I BN, o _mew/seC

T v ¥ —WEVELUYTBNY

CIGPLACRMENTS IR SIvEn DIRECYIEN

Ld A1 A4 A X - -
aynsEr 1Cues tucnes ®ApIAGS fADtans

1 LJ L]

] | T ¥

2 . .

. ® °

s [

L]

?

s

[]

Aesodeesdeandosedesadeneds

eoesieco0e .’0.0’.0....’\Q’...,.d,’,.,

cocodoeoes

’..q'O?ﬁ.O.ﬂ,.‘.OOQ,. oxescoos

socsescses JO! sesececndes -099J

soodecssscssssosesscessrssccosaocess

VELOCITIES 1N GIVEN BIRRCTION
-

THETA-V

THRTA-2

P 314

,?F'P.J9?P9P

9?9J9°99-9°°9°9J9°9J99999°9!?°°J°9999

,POGOOC099.000..,00,00.?00.#000,.0?0.

99?'r dooososccacocosocecocososssccs

osodosscesceosseonsgosscecocasosesces

OODNOOONOOOOIOOINOOONOSONOGONDOOMONDOS

ecodescsocccfescciesedossds

POLINT

ronces

CONY.

BUTRED BY THE SUBSYBTEM NMOOR £M

{POINTS ON PYLOE AND POINTS NOT ON WCDAL SUBSYSTEMS RRCLUDED)

THEYA-R

TuETA-v¥

Tueva-32

TR

2
PEUNBY

LY

Tw-1¥

IN-18
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ORIGINAL PACE IS

22 [ B [ ] L ] ..
23 .. ° ° ..
3 : $ : : OFROCR-QUAL ITY
Lil L] L] R [ J
1" ° .. e ..
20 L] [ ® ..
28 L] 0. [ L 2
ki) L] L) L] L
L] .. L] . .
n [ ] * ®. 9.
32 L] ° (] o
I3 ° L] T » L]
3 [ ® o. o.
n L] [ ..
b L] o L] (] L]
7 L) L] L 38 LN
THE FOLLOWINEG VALURS ARE POR TR TYPR 3 PHYSICAL COW lt'llﬁ EL0NEnTS
FORCES ARE THOSE THMAT T EMgNT RugRYIE B L] [ d
RELATIVE DRAR FORCE 1w Vv BIRELTION ® T SlERCYION ronce
BLENENY DISHLACEMENT OAND CLEARANCE ..l.' roInNY 1 and J R8O 1 < gl WAEN TYOE
RUNAER INChEs INCHNEE  ImINES SUMBSER BundRe shunds PoNEES 4 11 (L1110} POuEE
| [ & .3%00 ¢ . 2800 1 2 . 9. e o. [ %
28 TYHAT THE TVYD 11 34
In S:vEE BSIRRCYIOSG
TLENENTY *oINY ] ¥ 3 T Ingta-2
FOUNEY FUUENS — PUUNDSY TW-I¥
1 1 3 ®. o. .
1 4 34 0. o . ..
k] T L L] o o.
2 <4 as L] .. [ B LN
3 1 " ° e. * .
3 o 38 ® . ®. .. ®.
L] 1 0 B .. 9. ..
. - [ ] ° L .. 0.
| ] ] hd L] .. . [ 8
8 J4 37T o . o ®. ®.

THE CYROSCOPIC FEICES ACTING On TN

ROTORIS) ARE-

SUMMARY OF UNBALANCE FORCES-

POLAR MOMERTY v-ANlS
2
NUMSER NUMBER iu-t8
1 1 °
2 1 8.
] ] L
4 1 o. .
L] t . ®.
¥ T K] LS
* * [ ] .
] ] o.
L] L) []
e x 6.
Tt 2 [ ]
12 2 O .
Lk | k3 L8
ta 2 o
A1) 2 o.
18 2 e.
" 2 .
A1) 2 0.
19 2 o.
™ < LB

NEROX T80 PR 14 TWOLUS

TTRYR FPREST
TIME  POIMT  ROTOR MACNITUDE  ARGLE  PORCE (LS.} PORCE ILD.)
SRCCNOS WUMBER AUMOER En-In DEGREES Y-DIRECTION 2-BlAGCYION
LB T ¥ L{1] LB T I8 S
aLIZRD
FoRce oue

YU APPLIND
FORCES OWLY

LIZEY LXREN (XN []

3. 250
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ORIGINAL PAGE IS
OF POOR QUALITY
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REROM 790 PO 48 Twens

BumBER lu/sscC 1a/88C RAW;S0C

1 14

o _osrens s 984818 -8

OR e 2L T

1.

3

OF POGR QUAL.:Y

o TETENT
o 10te3s
o 118328

LN [N X"X" P
ccociece e

I

9. 003300
~9.003318
9. 993i87

-8

.80
9. 001848
-9 0028048

-0. 016103
-0 . 028078
ad

031483

© 108368
©.1031387
-8 023819

o os4380
-0. 918804

csedossciossdosogocssese ceedossdessse

FORCERS CONY TED BY THE 8
{POINTS ON PYLON AND POiINTS NDT
THETA-B

hd
o
=
-
L]
-«
~

THNETA-Y

TR-18 TE-T8

-20 880 230 . 227
o

000

-0.033

-268._830
-5 890
o

168 789
73 300

[ 4
o
LA
9.
°
]
L
o.
°
o .
L8
°
o .
L2
o.
L]
L8
[ 8
0.
°.
°

odeees

H
00000000100 0000000006]000I0000(0000|2000(00

°.
o.
[- B
2
.
°.
©.
v

T 5

THE POLLOWING VALL - ARR POR TMRE YYPR 3 PHYEICAL C
FORCES ARE THOSE Tnal THE ELEMENT EXERTS ON THNE ARG

AELATIVE sRAD 1-GND  JRWD FORCE 1M Y DIRESTION
CLEMUINT DISPLACEMENT WD CLEARANCE SDIKT POTNT 1 anp J amp
NUMBER INCKHES INCHES  TNCHES  NUMBRR NUMGER POUNDS *OLNDS PoUNDS
[3 ©. 0008 *.2800 ©.2498% ' 2 o. o. °. . ..
THE PORCES YHAT TwE TYPR & PHYSICAL CONNRCTING ELEMENTS (UNCOUPLED POINY
T ERYE UW CRNUND ENE-
PORCE 1IN GIVEN DIRECTION
TLEMENY POINTY x z THETA-Y INEYA-2
POURDY TW-TV TR-1§
1] H 3 °. .. [
1 J 38 -383. 'R
L3 T T L2 L
2 F 38 .. °.
3 1 ' °. °.
3 J 38 ° °.
¥ T 1) L2 LR
. ] [} e. °.
. 1 * °. °.
[ J 37 °. o.

THE GYROSCOPIC FORCES ACTING DN TmE ROYORIS) A

POLAR MOMEWT v-Ax1s
TF TRERYTR “WORINY
auMEER  NUMBER LB-iNeea TR
' 3 381081, 3078 888
¥ - IV T TIS
2 ' 2202 22.213
. v 252 s20 1 268
. ' 271, -0 388
¥ Y T3 X1
' ' s12 -0 887
. ' 17727 <38 398
s ' 82080 s 337
AL T TR T
" 2 278 -1 vas -2 822
" H s28 <23 sas ~as 021




ORIGANAL T
OF POOR GQuaLiiY

-
C O R [ ]

UNMMARY BF

UNBALANCE FORCES-

ROYOR
AUNERR

eIny

SECONMDS NMuUMBER

naCElTUDER

PRASY
cLe reace (is.)
OEGAEES Y-DIRRCYION

)
RECTION

tLo

(ENERALIZED ronce

| 1] PN IR | L BY AR

178 WJ%

DUNDTNIYY
nUNGER

Ty KPPLIY®
PORCES ONLY

1y

decccoscosedecdocsdecede

|

t. !"J 2DAT2900000010000(000

]

ecosoo oo o

253

L1

desodosadosed

CENERALIZED

COORODINATE CENERALJIZED

SENERALIZED

CENERALIZED GENERALIZED WEIGHY

~90.09284) 147 737

0.43288 02

GENERALIZXRO
$T1FF LSS
[3

GERERALIIED

DAMPING VALUZ GENERALIZIED




XTROX 5790 PR Ul TWOP

2 ©. 013000
3 ©.00082179 *0.078913
o ~0.00011803
.
1 ©.00001771 «e.004808
[ 0.00000778 ©.010081
re #.00000034
1" e00 03220
12 9.00000083 ©0.000730
1Y ¥
14 ©.00000184  -0.000441
13 -0.000183 0.087828
X ©.00004338
Y
" 017778 0.072
" 00011087 -0.081081
29 0.042812
L1
21
23 ®.00000421 ©.003
24 ©0.00000088 -0 001328
W B M I1I117}1] EL)
28 0.000000848
27 -0.00000
28 -9.00000148 <0 .001237
L1 g T
30 ©.00018313 ©.000383
3 0.0000080¢ ®.0082129
32 <0.00000480  -0.000802
RN -3
3 -0.0000008 1 ©.000°33
3 ©.00000023 ©. 000080
38 ¢ 00000012 -0 000018
Yy LR v
n -0.00003888 -©.02%
20 ©.00022427 ©o.082480
a0 ©.00001838  -©.002881
L3 - -
a2 °. -0.000888
°. ©.000207
-0 -0
LN O
-0. e. [
©.00043138 0. 178288
0.00014289 ©.081434
" .
so -©.00011380 ©.020487
[ ©.00000708 ©.000912
82 -0.00008438 0.008388
-0.00001311 -0.000718
-0.00003016 ©.007888
©.00002421 -0.088887
=% ;
-0.00001281 ©.003818
-6.00000 ©.002180
.00000830  -0.002818

-0.

2.330
(211
11

3.827
10.402
18.388

-24_ 318

-12.890
28 838
2.927

-17.283
-3.788
22 387

s 238
34 828
-24 890

-30.808
283 810
38 873

412
e
[ 1 1]
-318.732

s 388
264341
-313.988

<11.a88
a

.
138 308
4% 807
¢ o2s
175 843

<113 3368

v
$.108
s 826

1.0308
8. 0028
t . S1at

1.188
2.0328

T.1438
3.2802
3.603E
1.1308

.:l!.l

s sene
a.1108
8 811K

3.s18

1.8208
2.0
$.281¢

1. eose
s 4308
1.0048

V.sise

[ 1]
o)
03
(2]

ORIGINAL PAGE IS
OF POOR QUALITY

IR

03
a2
°3
°3

3
~2._84%F o1
~1.2028 02

?

-1 2028 02
8. 0778 07 ~3.7848 02
oY TRYSY

7 1308 07

oz
o2
o2

02
o2

02
°3
02
(1]

3.7¢08 ©F
4.8118 08

.00000182 000800
0.00000182 -0. 0008
9. .
-0.90000080 ~0.000187
o. [} °.
-9.00000078 ©. 0002348
©.00000022 -0.000078
(1] ©.00000001 -0.000003
70 -3.00000448 ©. 001117
7 0.60000022 -0.000077
3 ©.600000E8 -0.000181
74 0.00081430 0. 071281
78 o.600048807 -0. 012138
” ©.00011883 ©.0090784
18 -0.000007048 ©.00 2
kil LR .
a0 ©.00003408 ©.018878
[ 3] 0.00000138 -0.000803
82 ©.00003002 O . 007481
©c 001888
©.002321
0.00000871Y 9.004187
-0, -0,
-6 00000102 -0.001082
“9.00000173 9. 00
-0.060000323 -0.00088%
LA -8 -9
*0.00000080 ©.000278
©0.00000028 -0.000388
0.00000108 0. .000177
-0 -8
-0. 1 -0.
0.00000474 6. 001887
-~0.0600002138 -0.000828
LN . Lk )
“9.00000088 -5.600228

254




XEROX 9708 MO WS TWwOUr

opt,’jllvnc -~ -:.
Or FU f‘ QU \L'

Timg: ©.01860000 BECONDS

SPEED BSGMENT BVMEER:

(N

e

ROTOA PROFERTIES FPOR [NDEPENDENTY ROTOR {(ROTSR t)-

GPRED: 331). &Pm

5. WPFN/EXT

]
ANGULAR DISPLACEMENT 82770084 AEVOLUTIONS

WY PAEPENYIIS YEX SIPENBINY RUTOR [(ROYOW ¥T-

sPERDs 13483 RPM
ACCELERATIONS ©. ReM/SEC
T .
DISPLACEMENTS 1N GIVEN DIREGCYION
FETNY Y A B < Y
ayMBER tucues 1NCHES INCHES RADIANS RAD1ANS aaplang
] ©. © 00023048  ©.00122808  ©. -0 .00000848  ©.00001490
T T A - - BB N T
3 °. ©.00018170 ©. *0.00000802 ©.00001
N o. ©.00000844 ° -0.000011128  ©.60000333
[] .. 0 00000187 o, .00084031 °. -0 00001084 -6.00000207
1 LB [ , s A
? °. © 00008018 -0. uo:uu °. -0.00002021 0.00000090
[ °. ©0.00008223 °. .00001881 ©.00000028
. ° 0.70008188 o. 00001882 #.00000018
T8 L T LB TOBoTIseY  §.08
1" °. ©.00002963 ©.000088Kt o 00001732 -0.00000287
12 °. ©.00008872 ©.00036078 O -0.00001748 -#.00000178
13 0. ©.00008882 ©.00087%48 o ~0 00001804 -0 000002
1L S ] T SSCISTEY & 80085 Ty ©. ELE g
1} 0. ©.00011382 ©.000872C7 O -0.00001830 - 0002
10 °. ©.00013138 ©.00034239 o©. -0.00001837 -0.00000237
17 0. ©.CO014000  ©.00028144 O -0 00001858 -0 00000187
1) L3 . T . ~S eSS TINT 6 BUSETIT
" 0. ©0.00018803 -0 .000048TS ©. -0.00001800 -0.00080112
20 °. ©.00017368 -0.00010841 O -9.00001389 -0.00000112
21 e. -0.00008768 ©.80148827 O -0.00001728  -%. 00000322
Y L] L2 ] . T T g
23 °. ©.00603714 ©0.00038072 ©. -0.00001808 -0 00000088
24 °. ©.000048288 ©.00083172 ©. -0.00001837 -0.000000
28 0. ©.00008810 0. 00083389 O -0.00001887 -0.00000043
™ L8 LR T ; o Ty,
27 °. ©.00008103  ©.00033988 ©. -0.00001728 -0.00000020
29 °. ©.00008248 ©.0002823%t ©. -0.00001738 -¢.00000027
29 o. ©.00008385  ©0.00004808 o -0.00001307 _-0.00000008
[T 3% T ; LB " O T
3 °. 0.00004008 -0 00017087  ©. 00001872 ©.00000023
22 °. ©.00008173 -0.00032830 O -0.00001302 ©.00000048%
33 °. ©.00003808 -0.00049278  ©. -0.00001810 _ ©.00000084
. , - . 5. . TYY
3 °. ©.00002880 0. -0.00001373 ©.00000172
3 °. ©.00001471 °. -0.00001337 ©.00000173
37 ©. 0.00006438  -0.00038782 _ ©. -©.00001308 0. 00000084
vnunlu In GIVEN DIRRCTION
vo18Y X ¥ THETA-X THETA-Y THETA-2
4114 L1174 2 44
1 °. -0.020487 0.184312 °. -0.007912 ©.002888
2 °. -0.088184 0.c79827 °. -0.007788 °.
3 °. o.123308 o. -0.007877 °.
I3 °. °. -0.003180 °.
] 0. °. ©.001178 -0.
T LB L -5 853007 -0,
1 °. °. -0.003088 -0.
s °. °. -0.003731 -0.
] 0. °. -0.003841 -0,
TS LS : - =5 =
11 °. -0. o. ©.000388 -0.001103
12 0. -0.084830 0. ©.000323 *0.001312
13 o. -0.070801 ° ©.006304 -0.001047
1) °. -0.081338 °. o oo00200
" 0. -0.038088 o. ©.000270
17 0. -0.031088 0. ©6.000182
T L <8 . 7. L3
1" °. 0.007818 °. +0.000078
20 °. ©.024080 o. -0.000080 -0.002111
2 °. 0. 0.001047 -0.000881
- . LB 1L} ] <. 008&8T
23 °. °. -0.000708 -0.000887
28 °. 0.003040 °. -0.000708 -0.000880
2 ©. -o ora802 -©.892208 °. -0. 000888 -0.000877
[ - . v, L3 L)L e
27 °. -0 028480 -o ouo:: °. -0.000888 -<0.001173
28 °. [ -0.014 °. -0.000884 -0.00117Y
28 0. -0.003882 -0.0218 1 0. -0 . 000438 -0.001383
. ; B S LB =T SO TAY
3t °. -0.028387 °. -0.000280 -0.001828
22 e. -0.024020 ®. -0.000188 -©.001000
23 ©. -9. 023002 0. -0.000188 -0.0018832
” ; . o.p ~5 . OEGTRE
3% °. o.0ta882 0. -9.00%102 ©.000108
3 °. 0.008732 e. “0.002101 ©.080220
27 0. -0.02102) 0. -0.000120 -0.00187%
PFORCES CONTRIBUTED BY THE SURSYSTEM MODE SHAPES
nnuu ON PYLON AND POINTS NOT ON MODAL SUSSYSTEMS EXCLUDED)
POINTY " 3 THETA-X THETA-Y THETA-2
”-I'uwrll—‘vwan—*—mwn—rwwn TW-1V TR-TY TW-T¥
1 °. ~21.837 e -430.082
2 o, ©. 000 0. 0.000
| LB -] T -5 000
. °. -7 117 o. =12 190
] °. -3.830 °. NTIRTY)
[] 0. 0. 0. °
Y LR LR T
[ o. o. °.
» °. .. 0.
10 °. ° °
Bl [ 5 LB
] °. [} °.
13 °. 1. °.
14 0. Q. 0. 255
114 T LS LB
18 °. . o.
17 °. °.
18 0. ©.
s L LB
20 °. 0.
2 °. 0. 1221.718

\"

S e e ann



ORIGINAL PAGE IS

-~
-
oeocoocogococoscse

GOG,CO‘DGODQQ

THE FOLLOWING VALUES ARE FPDR THE TYPE 3 PuYSICAL CONNECYING BLENENTS.
FORCES ARE TMOSE THAT THE ELEMENT EXERYS ON THE ROTER OR CASE-

REROR 9798 PE WS TWORS

RELATIVE DEAD 1-8N0  JEND PFORCE IN Y BDIRECTION [4 In 2 OIRECTIO ronce
CLEMENT DISPLACEMEINT ND CLERRANCE POINT POINT 1 eNp J END 1 EN J e MAGNITUDSE
NUMBERA INCHES INCHES INCHSS  NUMBER NUMSER PoUNDS roUNDS POUNDS POUNDS POUNDS

(] ©.0004 o.2800 o.2808 1 2 °. o. ®. .. °.
THE PORCES THAT THR T PHYSICAL CONNEZTING BLEMENTS (UNCOLPLED POINTY
FORCE 1N GIVEN DIRECTION
MENT x ¥ H THETA-Y TRETA-2
[ TNUHEEN TRY PUURDY d L'l PEUNES TW-T¥ TH-(¥
1 1 9. -317.938 273.870 °. °.
1 J 0. .. .
H T LB %" =3
2 < 0. .. °
3 ) °. .. °
3 J o 0. o
] T L — 8. ]
. J °. °. °
s 1 °. °. °
s 3 °. [ °

THE CYROSCOPIC FORCES ACYING ON THE ROTOR(S) ARE-
2

POLAR MOMEMY
RYIA
AUMBER NUMBER IM-LB

*2711 818

-297

ee oo swe

10

(VLR N RERT RN LR PR B B
o-unu.’q-(

SUMMARY OF UNBALANCE PORCRS-

STRTH PHATE
TImE POINT ROTOR MAGNITUDE aNGLE PORCE {Ls | POMCE (LD )
SECONDE NMUMBER NUMBER CM- 1N PECREES VY-DIRECYION 2-OIRECTION

L} T T 1113 L TET . O8F 35T IX%

CENERALIZRD
SENERALIZED FORCE DUE

TSNS TWAYE YO APPLIED
NUMBER FORCES ONLY

272,

LR LR RYY" o

i 256

-
-
OOCOI’O‘OOI’GO“”PV._




ORIGINAL PAGE (S
OF POOR QUALITY

SANERALIZED

doccoocsoooedonccooocoscgoosgosccooscecogooodesosossssce

SENERALIZED GENERALIZRD

GENERALIZED

XERDX 9708 PR B YWOLP

CODRDINATE GENERALIZED GEWERALIIED GEWERALIZED weigny STIFFNESS _ DAMPING VALUL GUNERALIIED
1 10.60138288 -0 184428 $1.288 9 4281 02 °. 21.018% .
L4 B3 B2 g - g : f—
3 -0.00023812 0. 102138 21.232  $.1088 02 o.

. ©.00008423 -0 084084 o 014 o2 °.
] ©0.00000002  -0.009121 .. °.
s ©.00001887 -0.021502 ' 0.
Y -0.00000312 0.008811 .. ©.
s ~0.00000877 ©.003802 ). o,
1d L2 . LB
10 -0.00070043  -0.000078 0.
1 +0.00000180 ©.001012 0.
'z -0.00000118 _ -0.800117 °.
T LR.LL - ; B
14 -0.00000048 ©.00028% 1.0818 07 °.
1] -0.00028771 ©.088727 °. 0. .
'8 ©.00008971 ©.017732 o o. 10 6376
: - iR g 5T 0. XY TIEY
18 -0.00010000 ©.008811 77.808  0.934E 02 22828 of 0. 38.6832
" ©.00009988  -0.520881 12.332  8.881€ ©1 1.028¢ o8 6. “17.8092
20 ~©.00003478 -0.02281) -23 881 1.038 7.72°1 o8 °. ",
L Ll - g : ; B
32 ©.opooosas 0.001184 as.783 . 0. -17.8339
33 ©.00000001 ©.000487 ~1.383 3 °. -3.7181
28 ©.50000078 ©.00112¢ 1 °. ©. 347
[ T 1% LE (& T L R4
28 -0.00000088 °. 2 °. -1.32028
27 ©.00000380 °. 3. °.
28 ©.00000070 . t. 0.
— 1% =5 . SCCITNTN 1 LB
30 0.00080148 .. 0.
3 ~©.0000111% t.812¢ o ~2.838L 01
a2 ©.00000448 s 7228 08 -4 3088 01
3e ©.00000088 -0 000248 3.1 o2 2.4348 07 -1.2038 02
18 »0.00000048  -0.000018 -43.418  Y.143R o2 8.6771 07 -3.7448 02
s -0.00000008 ©.00020 -1 981 1. 8823 02 1.3081 07 8378 o1
38 -0.00018888 0.015788 . 02 °. 0.
30 -0.00003811  -0.083700 2. o2 °. 9.
40 -©.00001858 0. 008780 1.9078 032 1.8128 o8 -2.8368 01
TT “O 55550418 8. : ; BE
(3 -6.00000148 ©.600910 8.7238 01 2.7238 o8 01
a3 -0.00000022  -0.00028! 3.184¢ 02 2.42e2 07 [
a4 +0. 00000027 © 000177 7.1832 02 ¥.0778_ 07 o1
% T E5555518 ; - . BT
. ©.60000003 2.003  2.380% 02 7.1382 07 o2
(3 0.00184018 -220.632  1.001L 03 °.
as 0. 00080448 12.387 _ 1.31308 ©3 °.
8o ©.00010842 82.133  &.1108 o3 . o1 -30.¢708
st -0.00001238 -38.788  s.8118 o3 3. o2 1.218
82 ©_00003948 282,071 1.3878 03 s o2
g : : ; L]
[ ©.00001848 -0 004004 42.178 2. 01
[ ©.00001948  -0.014127 8,779 3. o2
ss +0.00001483 0. 011887 ~83.018 2. 02
113 6.00000792  -0.00793) 37.401 2. o2 257
1] 0.00000734 -0 .00t382 129 18 B, o1
80 10.00000802 ©.903320 ~288 788 4. o3
— - =T " ¥ N [}
s ~0. 00000148 ©.0060718 -43 888§, 2 o2
1] -0.0¢00018) ©.001021 -0 [P s 02
1] +0.00000137 © 000818 1) ', 3. 01
. TSE81YY Lol L T ATEY 7 L&
o -0.60000083  -0.000188 ©20.073  2.064E o2 2.8048 07 o2
.7 ©.00000083 -0 .000484 v 8420 oV .. o2

L}



ATROX $798 PB WL} TWOUP

ORIGINAL PAGE 1S
OF POOR QUALITY

. 90000014 0.000127 3.8831 02 .. [
00000001 ©.000008 -3 2.3918 @) 8. 3
©.00000334 0. 003 e 234 808 4.481% o2 1. ..
B I RN A 38 1 31 T g ; B I
-0.00000011 ©.000.27 -6.832 .. 3.
-0.00000042 © 970288 S100 . 382 .. 3.
+0.60001392 -0. 008900 | LL I T 0. ©.
T g - i B ] L L]
-0.00010322 ©. 058138 17,788 5.6008 02 3
-0 00008810 -0.01303" “80.108 4. .1%00 02 ..
©. 00000988 ©.008383 23 4% s.8112 02 3.
-5 = g ; . -
-0.00002410 -0.007922 -300.0 1.0812 03 8.7140 08 2.39018 o3
-0.00001109 -0.000878 2.8028 02 3.7808 o8 9.2118 ¢
-0. 00002303 -0. 001888 <100 n_;_ 3.8198 03 4.8118 o8 1.3318 o2
*0 . 00001143 -0.00138¢ 1.2208 02
-6.00001324 ©.00103 [
-0.00000883 -0. 001898 1.8100 07
©.00000138 ©.000208 8.2138 09
©.00000182 0.000487 ] 2.8018 07
0 00000187 ©.000380 118.720 1.0048 03 8.233¢8 07
(] - N A -
-0.00000088 -0.001088 -13.881 v.8188 02 1.47880 07 1. 7888 02
©.00000048 0.000884 13.018 3.0448 02 2.8048 07 3.0308 o2
-0.00000080  -0.000084 “7.713  6.paze o) 9. 8818 08 1.0818 02
se ©.00000501 0.000003 2.3018 03 3.43%1 o8 3.073¢ ©3
't -0.00000388 -0.0008%0 . ¢.88:L 02 7.0788 0 ¢.o4se 02
(1] 0 00000183 0.000430 230388 7.817¢ 02 1.3480 o8 1.0488 03
L1 (3R-1.17-1-2.28 Sy - - . ;
100 ©. 60000048 ©0.000111 207.424 2.4988 03 4.3500 08 3.8438 03
TIME ©.0228000 SELONDS
SPEED SEGMENT NUMBERs 4 .
AOTOR PROPEATIES POR INORPENDENT ROTOR {ROTOR 1)
SPRNL: 3311, mPM
. - 1411
ANCULAR DISPLACEMENTS 1.26180832 REYOLUTIONS
—WOYOW PRCPINYTEL YOR SYFERDGENY NSTOR TROYSW I7-
sPRED: 13403, RPN
ACCELERATIONS 0. APM/SEC
14 O] .
OISPLACEMENTS 1N GIVEN DIRECYION i
- Y5V YREYE-¢
numsER INCHES incHEs incHEs RADIANS RADIANS RADIANS
1 0. ©.00013420 0.00174034  ©. -2.00002%74¢ . 060004
. k] “SSTARITE LB - Y TOEBTITIY b BOLsY
3 0. ©.00008648 ©0.00180100 ©O. -. 00002800 ©.000004
. o. ©.060003827 °. «.00002803 ©.00000288
[ °. -0.00008888 9. 0. 00001833  -0.00000137
] L2 LA IIARALLY EQ -5 . 00000811 -5 .0085TIXT
7 °. 0.000128 °. -0.00000813 -0.00001380
s °. 0.00018 °. -0.00000880 -0.00001387
. ° ©.00028188  -0.00018788 O *0.00000881 -0.00001348
TS LB G OBBITAAG -0 osoNAyIT U ~5.8¢ < TSYT
" °. -0.00007848 ©.00034871 ° -0.00001770 -0.00000011
172 0. -0.00007Y . -0.00001762 -0.00000080
13 0. -0.00008801 ©.00088838 <0.00601738  -0.00000133
18 0. -0.00008320 ©.00037880 ©. -0.00001729 -0.003001
18 0. -0.00004002 ©.00018 °. -0.00001728 -0.00000
17 0. -0.00003884 ©0.00018 o. -0.00001112 -0.000002
AL LB L3 o eIy ¢ =8 .
1. 0. ©.00002488 -0.00008080 O *0.00001882 -0.00000371
20 °. ©.0000838v -0.00022270 ©. .00001883 -0.00000371
21 0. ©.00008011 _ ©0.0018221} o 7 .00002247 0. 060000043
T LB LB ; : T =T, 131 ]
23 o. ©.00008730 0.00073880 O -0.00302084 -0.00000088
24 0. 0.00908020 ©.00088872 O. <0.00001081 -0.00000131
a8 0. ©.00008U8T  0.00044808 O -0.00001833 _+0.00000174
w LB [ .1 o8¢ B L LB Ty
27 °. 0.00010887 °. -0.00001776 -0.00000243
F3) °. ©.0001187% °. -0.00001Y83 :0.000002
29 °. ©.0001832% 0. -0.00001881 -0 00000324
L] T CR2 130 3 T KB <. b2}
1 °. ©.0002138¢ o. <0.00001883 -0.00000381
32 0. 9. .00001487 -0.00000407
33 ° 0. .0000148c _-0.00000418
L L} LB . 18 TSSSSTIVS B 003858
3t ° ©.00004 ° ,00002388  ©0.0000012»
38 ° ©0.0000413) . ° ,00002327  ©.00000127
11 ° 0.00024438  -0.000220 0. _0000180C - 0000042S .
SELOCITIS 1% GIVEN DIRECTION
NN X 1] ] THETA- N THETA-Y THETA-Z

258

)



OR &= L

[T 11 tu/ssac tu/ssc 1u/seC RAD/3ET [AD/BRT RAD/SRC OF P,, Ny oLt ntTpn?
COR gurmii ¥
) .. e.021009 (] -0. 000888 s
—— m FEITY
3 .. ..
. 9. . *9 001307
[ .. ° o . 000072 -
R . P u" L T &
b . °. .0
[ ..
[ .. °
10 LB
" .. ~0. 014722 ..
13 . 19188 ®.
13 °® .
18 9.
18 9. ©
e 9. e.e3002 031018 e.
i k4 [ ©.037800 -0.033483 0.
% % =¥
" L] e.81074) - 032810 o.
20 €. 0.001832 -®. 032028 °.
21 o . *.983828 C 078222 3.
1) 9. . LN
°

L4
9.000878

0. 000487
-9 000387
i

,O.I...ﬂ.'_‘.

o3
. 010383

931807

PORCES CONTRIBUTED OY
{PRINTS 8N PYLON AND

THE SURSYSTENM WEDE SHAPES

x v H
“FEUNSY VEUNSE ~FEURST TW=X¥

* °. 2.938 13.269 .. 233208
2 .. ° <9000 °. ©.000
Y | ~§ YIS L
. .. o.888 . 738
[ ] ° 1.327 - 143.188
s . °. °
Y 1 T
s ©.
. °. °.

.. °.

L ;

..

..

L2

..

[ B

o =

..

..

..

..

.

o .

Q.

°.

o.

[

L]

e

N L

32 0.
33 el .
38 o. ..
38 .. . o.
39 o, 6.000 o
R 24 o. L L

™e "ll"llﬂ VALUES AAR FOR THE TYPE 3 PNYSICAL CONNECTING RLE'GENTS.
r YTHOSE THAT THE ZALIMENT ENERTS DN THE ROTYOR SR CA

THE FORCES THAY THE TYPE § PHNYSICAL CONNECTING ELEMFNTS {UNCOUPLED POINTY

aAgRLATIVE [ 121 ] t-qug Jews *ORCE IWm ¥ DINECTION PORCE 1N 7 DIRECTION rFORCER
CGLEMENT DISPLACEMENT GANG CLEARANCE FPOINTY POINT 1 End J4 &m0 1 Enp 4 20" WACHITUDE
NumsEa InCHES INCHES INCRL. BUMEERR NUMBER ~CUNDS PSUNES PEUNDS POUNCS rOUNDS
L ©.0001 © 2800 0. 2408 1 0 e. o. L °. .

THE GYRGSCOPIT FORCES ACYING ON THR ROYOR(S) ARE-

FORCE 14 CIVEW DIRECTION
SLEMENT POINTY x v 2 TNE TRETA-2
BRLEY RLE1Y
] ] 3 °. -380 :u °. ..
1 J 34 o o. ..
. ¥ T ¥ L8 L 8 LB
g 2 4 s °. . °. °.
H4 3 1 X °. 4. es °. °.
3 3 J 3 °. -4.7684 0. 0.
8 T T — 30 LS TY 3% . LD
| 4 L) J [ °. 9.
g [ 1 v °. 0.
) ) 21 o. ..
i

P0LAR MOWERY v-ax1s 1-a
121
NUMBER  WUMSER Le-INes3 %10 “»
. ' 198028
e n. .
3 1
. '
p , 259
= \
b 1 w2
[ 1 27172
. ' 82480
¢ T Ty ]
I 2 278
12 2 s28




ORIGINAL PATE (3

OF POOR QUALITY

3

l WHMARY BF VERALASCE PORCES -

v R PRIRY
L KeTeR HACH]YVSE ANg PORCE (18. ] PoRte (u8.)
DR ] ] an-1n seen IRECTION R-DIRECYION
L] Y L AR 1] LLt 1]
SENERALIZED
nuMSER PORCES oMLY
1 -308. 4878
T
3 23 337
[
s
¥
T
3
[
TS
1
12 .
13 i
BRLJ LR i1
e -18 128
i1 v 188
17 3.218
AL Lig)
18 -9.733
x0 o 73
3 -0.349
i) Y ¥3%
23 o $1)
28 ©.087
38 -0.329
L1
27 [
28 30
20
35
31
2
33

XEROX G700 PR %) ) WOLS

260

"
YET
SENES A, T2ED
| LT [ L e S E XS

COOK” inaTE GENLS,

doocdesseosccocscocosesssossdoaseescciossdoosdecscecsdescocogosceccsoscsococs

ALIZED SENERAL 28D

SENERALIZED SENERALIIRT

CENERAL L ZED

wRiCw?
(21"

S11FPPNASS

SENERs 1 122D
Dlﬂ'lbz‘#l\ll GENERALIZED




RINOX 9790 P8 W TWOLP

ORIINAL &l

OF POOR QU

-4 822 7.0880 o2
13 818 & to8e 02
-0 034043 -33 884 9 .85248 o2
9000138 -0 .

L J 2
“0_00070e

3
Ly

-0 80V708
-9 000018 .
: L
©.%00212 [}
-0.0348681 .
00027818 ~0. ©.
SECTIENY B
. ] -0
©0.900601286 [ .
-0.00003810 -0 []
L) L
00000082 °.
. ©
00000004 ®.
< ¥
©.00000072 ..
©.00000081 [
© 03000087 o
L - L
00788688 +0.001281 .
®00LO1 1 ®.oouaTs -2.8388 @
.00000117 -0.600308 -4.3888 01
" : 2 B Y
.06000030 ©.000080 3 184t 02 . -1.32938 02
.90000037 ®. 000172 7.1428 o2 s.017F ©F -3.7862 02
09000001 -0.000048 1.6828 02 2.3082 07 -3.8378 01
< - BY <Y ATy oY
€000 1888 - v843 8.apat o2 . ..
.000 10672 ° 332 2.0402 o2 .. °.
. 00002782 -0.003188 1.9878 03 1.8128 o8 -2. 8388 01
L1122 7] -3 . BEillEll
© soesoe (3] H -2.s400 o1
-0.000087 3 (3] 2 -1 2028 O2
00000033 -9.000152 7.1430 02 [ -3 7448 @2
5. " LB T &Y ~F SYTL €7
. 00000027 -9.000107 3.2808 02 7.1302 ©O7 -2.2818 o2
00182888 ° 10 3.003E o3 °. °.
° 20 1. 1308 03 °. o.
- LA}
-0 (3} 1 a.1108 @2 I3 os 8.343€ o)
®.00001831 -9.008783 18 . 081 8.8'10 o2 2. o8 t.7688 o2
-0.00003182 -©.010134 *230.894 1.387¢ 03 s.081¢ o8 3. 3848 02
2 . 03 2.7608 o8 e.2118 0
3.81 2 . 1.38t2 o2
2.3728 02 . 1.2388 02
-32 404 2.0182 02 1.
°. 118183 e.32818 03 3
0.00000388 225. 090 V.88 03 1
T SSE8ET0YT g - - ¥
©.00000110 © 000093 s0.118 s aj0z o2 ..
©.00000148 ©_.000378 90.073 1.0048 03 [
L T .
-®.90000178 -28.487 ] 1.4782 ©7 )
0. 00000080 23 179 3. 2.80e¢ 07 2
-0.00000088 -8 380 9. " estE o8 [
©.00000011 . o038 3 s 188E ©7 ..
©.00000001 3.082 2. 3. 43 3
-0.00000248 -0.000722 -208 082 & 7.0182 OF .. .
S 3000188 O o5638F . 18 T3 Y IOV eY v IIsT 8% vsmr sy o o018}
®. 00000007 ©.000072 4.3182 07 3
°. 38 °. .3s0K 08 3.
©.000C68t7 ©.088781 . 0.
-8 <5 L
©.0002337¢ -0.088278 4.4728 01
-0.0000131) -e¢.010008 8.3438 0O
-0.00000087 -0.008082 1.7888 02 -0.7830
L X .
-8.00001128 ©.007393 .
©.00000038 © 008027 -1
-0.00001147 ©.008738 -49.840 3. 3
0000021 ©.003488 -0 472
«0.00000138 9.002031 -8 623
-0.00000182 ©.002308 -28.378
LB O N - =
0.00000084 -0.000877
©.00000018 -0.000840
©.00000028 -0 .co08s2
LB -G
©.00000038 o 000047
-0.000000148 -0.000338 -
-9.00000013 ©.000280 -0.
3 B Ty
©.0020u000 -0.00000)
-0.00000117 0.00102¢ -e.
0.00000080 -0 000808

& ¥ -9 .
9.00000018 ~0.00028 .ensE 02 4.388R O8

261




262

8.0 REFERENCES

Gallard», V. et al., "Blade Loss Transient Dynamics Analysis, Task IL,"
NASA Ck 165373, Volume II, June 1981.

Black, G.R. et al., "Blade Loss Transient Dynamics Analysis, User's
Manual for TETRA program," NASA CR 165373, Volume III, June 1981.

Gallardo, V., "A Linear Whirl-Flutter Theory of an Elastically Supported
Propeller with Flapping Blades," Masters' Thesis, Hartford Graduate
Center, Rensselaer Polytechnic Institute, 1967.

Hartog, J.P.D., Mechanical Vibrations, Third Edition, pp. 323, McGraw-
Hill Book Co., Inc., 1947.

Reed III, W.H., "Review of Propeller-Rotor Whirl Flutter,” NASA Technical
Report, TR 12-264, July 1967.

Adams, M.; Padovan, J. and Fertis, D.G., "Engine Dynamic Analysis With
General Nonlinear Finite-Element Codes, Part I: Overall Approach and
Development of Bearing Damper Element," (to be Published as NASA Report
on Grant NSG-3283), 1980.



