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ABSTRACT

Displacement, velocity, and acceleration admittances were cal-
culated for a realistic NASTRAN structural model of Space Shuttle
for three conditions: T1iftoff, maximum dynamic pressure and end
of Solid Rocket Booster burn. The realistic model of the Orbiter,
External Tank, and Solid Rocket Motors included the representation
of structural joint transmissibilities by finite stiffness and
damping elements. Data values for the finite damping elements
were assigned to dupiicate overall low-frequency modal damping
vatues taken from tests of similar vehicles. For comparison with
the calculated admittances, position and rate gains were computed
for a conventional Shuttie model for the Tiftoff condition.
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1.0 INTRODUCTION

The presence of distributed damping in aerospace structures may significantly
affect predicted dynamic responses, particularly of high-order modes. The
development and implementation of a general methodology framework for evaluating
the effect of distributed structural damping on spacecraft structures was begun
under Contract NAS8-30655, the results of which are reported in Reference 1.

The purpose of the present study is to assess the influence of discrete damping
efements on a structural model of the Space Shuttle using admittance techniques.
The following three phases of the study are summarized herein:

Phase I - Develop a realistic NASTRAN structural model using a preprocessor

for describing joint transmissibilities and a postprocessor for selecting signif-
icant resonances.

Phase IT -~ Develop a conventional normal-mode structural model: compare realistic
and conventional models; and establish criteria for the excitability of high-
order modes.

Phase I1I1 -~ Update the mass, stiffness, and damping effects in the Space Shuttie
structural model; calculate admittances at 1iftoff, max. Q, and SRB cut-off: and
simplify the Space Shuttle structural models for use in attitude control, POGO
stability, dynamic loads and vibration analyses,

- These objectives were accomplished primarily through the calculation of admittances
for a realistic NASTRANstructural model of the Space Shuttle. The admittances
were computed with a postprocessor computer program using modal characteristics,
including a coupled modal damping matrix, from a MASTRAN restart tape. The

damping characteristics were included in the structural model with the aid of a
preprocessor computer program. Damping parameters for the joints in the Orbiter
were calculated using a joint damping predictor computer program.

The results of this study are presented in two volumes. Volume I contains the
technical approach used in describing distributed joint damping in a finite
element model of the Space Shuttle, the method used to calculate individual joint
damping parameters to provide realistic modal damping, and the techniques for
calculating structural admittances using a coupled modal damping matrix. The



computer programs developed to perform these tasks are described in Section 2.0,
with program descriptions and 1istings included in Appendices I, II and III.

The finite element model of the Space Shuttle vehicle is described in Section 3.0.
Sections 4.0 and 5.0 present critical resonances for the conventional and
realistic models for the T1iftoff condition, respectively. Section 6.0 contains
a comparison of the realistic and conventional approaches. Section 7.0 presents

- computer time estimates, and conclusions of all three phases of the study are
presented in Section 8.0.

Volume II, Section 2.0, contains the structural dynamic characteristics of the
Space Shuttle vehicle at Tiftoff, max q and SRB cutoff, including mode shapes
at selected freedoms, modal frequencies, generalized masses, and coupled gen-
eralized modal viscous damping coefficients. Admittances: for the three mass
conditions are shown in Section 3.0 of Volume II.



2.0 TECHNICAL APPROACH

Methodology for developing the realistic NASTRAN Shuttle structural model is
contained in a preprocessor computer program to generate joint damping and
transmissibility data, a joint damping predictor computer program to calculate
Jjoint damping constants which will result in specified modal damping, and a
postprocessor computer program to select significant resonances by the admittance
approach. The methodology developed for each of these three computer programs

is described in Sections 2.1, 2.2 and 2.3, respectively.

2.1 STRUCTURAL JOINT MODELING

Structural damping is comprised of both material (hysteretic) damping and energy
dissipation in structural joints. Material damping may be reprasented in linear
dynamic response analyses by uncoupled modal viscous damping. ratios (s = €/C ).
Energy dissipation in structural joints, which is a nonlinear function of many
parameters, must also be represented by linear models so that linear analysis
techniques may be used. According to Mead (Reference 2}, representing joint damp-
ing by equivalent viscous damping is justifiable for structures subjected to
sinusoidal excitation since sinusoidal response is not appreciably affected by
damping nonlinearities. The 1inear model used successfully in Reference 1 to
represent structural joint transmissibility of beams is the Voigt model.

The two-parameter Yoigt unit, shown schematically in Figure 2-1, consists of a.
spring in parallel with a viscous damper. It is the simplest complex-nctation
model and possesses hysteretic properties characteristic of damping in materials
and stryctural joints., For sinusoidal excitation, the equivalent damping and
stiffness coefficients for the Voigt model, in series with a spring, CT and KT’
are functions both of the structurail parameters (K,Kj,cj) and of the forcing
frequency (B):

e (1)
C. = 1
T k2 7 o2
i 3
KK. (KHK.) + C28%K
Kp = —e iy (2)
(K+Kj) + C,j B
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Figure 2-1, Schematic of Single Degree-of-Freedom Voigt Joint Model



For very low frequencies,

C;(=0) = Cj ( T(E_f%- )2 (3)
Kp(8=0) = Ky { gy ) (4)

Equations (3) and (4) indicate that the total Voigt joint/member stiffness co-
efficient at very Tow frequencies is equal to the static stiffness of the
series spring arrangement,

For very high frequencies,

il
o

CT{B=M) (5)

[
-~
{

K; (8=} (6)
Equations (5) and (6) indicate that at very high freguencies the damper becomes
rigid. These frequency-dependent characteristics of the Voigt model are con-
sistent with the physical observations made by Ungar (Reference 3, page 149),

The preprocessor computer program was developed to implement this methodology by
adding structural damping representations to a NASTRAN finite-element structural
model. The original preprocessor described in Reference 1 modifies the input
data for a conventional finite-element structural model and generates additional
inputs necessary to incorporate the Voigt joint damping model at the ends of
specified BAR and ROD elements.

The original preprocessor has been updated by several modifications. The major
modification is the additional capability for modeiing riveted or bolted joints
in quadrilateral plate elements. The minor modifications include improving the
ROD joint model, the generation of double-field PBAR and PVISC cards, which
eliminates certain format Timitations, and providing the capability of accepting
gridpoints defined in arbitrary cylindrical coordinate systems. By the latter



modification, all gridpoint coordinates defined in cylindrical and rectangular
coordinate systems are simply converted into the basic NASTRAHN rectangular co-
ordinate system.

The procedure used for modeling riveted or bolted joints in plate elements is
consistent with the damping mechanism described by Mead (Reference 2), Accord-
ing to this theory, energy loss between two adjacent plates compressed by rivet

forming or boit tightness occurs in three distinct stages determined by amplitude
of the motion:

(m elastic hysteresis or material damping due to small motions in the
elastic range;

(2) Tocal plastic defomation in the area of the attachment due to motions
in the plastic range;

(3) dynamic friction Tosses due to local relative slipping.

A detailed description of the input and output features of the preprocessor
computer program is presented in Appendix I.

The extreme complexity of the stress distributions and friction characteristics
in the contact areas may preclude the theoretical prediction of local joint
energy losses. The problem of assigning data values to parameters of the NASTRAN
Joint model corresponéing to this theoretical damping mechanism will therefore be
addressed by reference to major substructure modal. damping data rather than to
joint damping data.

2.1.1 Rod Joints

This section describes the procedures used by the preprocessor computer program
to add structural joint models to NASTRAN ROD elements. The preprocessor modifies
the input data for a conventional finite-element structural model and’ generates
additional inputs necessary to incorporate a Yoigt joint damping model at -one end
of each specified ROD element. The damping characteristics of ROD joints are
modeled by modifying the ROD properties and by including material damping.



A schematic of a NASTRAN ROD element with a structural joint at one end is shown
in Figure 2-2. When the user requests a joint to be incorporated at gridpoint A,
the preprocessor establishes the model as follows:

a. Properties of the original ROD are modified to incorporate the
effect of the joint stiffness characteristics.

b. Material damping in the ROD is incorporated based on the damping
constant supplied by the user.

c. A VISC element is added between gridpoints a and b if torsional
damping is required.

The original preprocessor described in Reference 7 constructed a ROD joint by
inserting a new gridpoint at c, modifying the properties of the ROD from a to
c, and inserting a VISC element from a to c.

viodifications were made to the preprocessor to eliminate the need for the additional
gridpoint (c). The user still specifies the Tength of the joint as a fractjon of
the original ROD length, the properties of the joint as fractions of the originaT
ROD properties, and the damping constant of the viscous damper between gridpoints

a and c. The preprocessor now modifies the properties of the original ROD to
incorporate the joint stiffness and damping effects and incorporates a VISC

damping element between gridpoints a and b only if a torsional damping value is speci

The equivalent ROD area (A') and torsional constant (J‘)-are calculated based on
springs in series.

KA
A' = A}- ] (7)
KG{1-KA) + KA
KJ :
d' =g (8)
KG(1-KJ) + KJ
where: KG = joint length factor
KA = joint area factor
Kd = joint torsicnal constant factor
A = original ROD area
J = original ROD torsional constant.

7
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FIGURE 2-2: NASTRAN ROD JOINT DAMPING MODEL



If axial damping is requested (C1 # 0.), a new material card (MAT1) is generated
for the rod which includes material damping (GE).

1, .
GE:C] £ (9)
A-E
. P KG
where: Cl1!' = Ci[KG(]-KA) T KA}
% = original ROD length

E
€1

Youhg's modulus
original axial damping constant,

]

i

If torsional damping is requested (C2 # 0.), a VISC element is inserted between
gridpoints a and b. The damping constants for this VISC element are:

C1' = 0.

cz2!

i

KG
2| rerrRay = ) (10)

where C2 is the original torsional damping constant.

This allows different damping constants to be specified for axial and torsional
motions. '

Default values are automatically specified by the preprocessor for the NASTRAN
data descyibing ROD joints. The default value specifying joint length results
in ROD parameters equivalent to a joint whose length is ten percent of the orig-
inal element Tength. Default values specifying joint member area and torsional
constant are unity; i.e., the area and torsional constant of the equivalent ROD
(with joint effects included) are the same as the original element., However,
joint flexibility effects can be included using different joint factors.

The VISC elements and parameters chosen to define the joint damping characteristics
must result in a physical damping matrix which satisfies kinematic compatibility.
The compatibility relations for the damping matrix are represented by

[866](sg} = 10} (1)

where [BGG] is the NASTRAN viscous damping matrix in physical coordinates, and



{¢R} is an arbitrary-vector of rigid-body transiations and rotations.
Eguation (11) ensures that no damping forces are generated by rigid-body
motions. MWith regard to kinematic compatibility, the NASTRAN VISC damping
element is limited to two applications:

a. With translational damping, the compatibility relations are
satisfied only when the axis of the VISC element is aligned
with an axis of the displacement coordinate system.

b. Without translational damping, the compatibility relations
involving only rotational damping are satisfied for any
orientation of the VISC element.

For the general case of an arbitrarily oriented element having both transla-
tional and rotational damping components, the present NASTRAN VISC element
does not provide the transiation/rotation damping coupling terms required by
Equation (11). Therefore, since VISC elements are used only for rotational
damping in the ROD joint, kinematic compatibility is assured.

2.1.2 Bar Joints

This section describes the procedures used by the preprocessor computer pro-
gram to add structural joint models to NASTRAN BAR elements. The preprocessor
modifies the input data for a conventional finite-element structural model and
generates additional inputs necessary to incorporate a Voigt joint damping
model at one end of each specified BAR element. The damping characteristics
of the joints are modeled with the material damping in ROD elements.

A schematic of a NASTRAN BAR element with joint damping model included at
one end is shown in Figure 2-3. The original element 1ies between gridpoints
a and b. When the user requests a joint damping model to be inciuded at
gridpoint a, the preprocessor establishes the model as follows:

a. Gridpoint ¢ is introduced on the BAR axis at a specified
distance from gridpoint a.

10



8 g "2—’ /
- ip
Y ' BAR ELEMENTS
f . ROD ELEMENTS WITH
* T T VISCOUS DAMPING
2z MPC'S
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b. Properties of the BAR between gridpoints a and ¢ are altered
as specified, either by direct input or by default values, to
provide desired joint stiffness characteristics.

¢. For the BAR element, gridpoints e and f are estabTished such that
gridpoints a, b, e and f form an orthogonal axis system at grid-
point a. &ridpoint e is in plane 1 of the BAR element, and
gridpoint f is in plane 2. The distances from gridpoint a to
gridpoints ¢, e and f are identical.

d. ROD elements (m, n and p) with desired material damping properties
are ‘inserted between gridpoints a and ¢, a and e, and a and f.

e. Gridpoints e and f are multipoint constrained to gridpoint c.

Material damping in a ROD element provides damping along its axis and in
torsion about its axis. Therefore, for a BAR element, three ROD elements

are required at each gridpoint to provide damping forall six degrees of free-
dom. The locations of gridpoints e and f in Figure 2-3 are calculated, in
the rectangular coordinate system, by vector analysis. Vb and Vﬁ are defined
as position vectors from gridpoint a to gridpoint b and from gridpoint a to
the BAR orientation gridpoint, respectively. The components of Vb, for
example, are

L

V1 Xh X4
o3 z, Zs

The vector from gridpoint a in the direction of gridpoint f is calculated as
the vector cross product

A (13)

This results in a vector which is perpendicular to plane 1 of the original
BAR element. The vector from gridpoint a to gridpoint F (V%) is normalized
such that its magnitude is the same as the magnitude of the vector from a to
c (V..

-

12



Vo=V, (|V_[/7[V: |) . (14)
£, Vel/1 fol |

The Tocation of gridpoint f is then calculated by

X Xa a1
el = Vaf ¥ 'r (15)
Zg Za Ves

The vector from gridpoint a in the direction of gridpoint e is calculated
using the cross product of V% and VB.

Veo = Vf X b (16}

The vector from gridpoint a to gridpoint e (Vé) is also normalized such that
its magnitude is the same as the magnitude of the vector from a to c.

v, =V, (V7Y D (17)
e g, ' € &
The location of gridpoiﬁt e is then calculated by

X X v

e a el
Yer 372} * VeZ (18)
Zq 24 Ve3

Default values are automatically specified by the preprocessor for the NASTRAN
data describing BAR joints. The default value specifying joint length results
in a joint member whose length is ten percent of the original element Tength.
The default values specifying joint member area, moments of inertia, and
torsional constant are unity; i.e., the joint member has the same area and
moments of inertia as the parent member. However, factors different from
unity can be used to increase flexibility in the joint.

Damping in the joint is obtained from material damping in the ROD elements
(m, n and p). Material damping in NASTRAN is proportional to the element
stiffness in each degree of freedom. The prdportionality constant, GE, is
input on the material property card. Using one value of the material damping
factor (GE) for all of the RODS in the joint representation, the effective

13



damﬁing for each degree of freedem can be made different by changing their
stiffnesses, i.e., cross-sectional areas and area moments. . The material
damping factor (GE) is based on the specified joint damping constants and
is made arbitrarily large so that the stiffnesses of individual joint RODS
are small and do not affect the joint stiffness.

CE = t: ] (19)

where Ct = Clm + Cin + Clp + C2m + C2Zn +C2p
Then the individual ROD properties are:

A= cm(E—‘}kGf)‘, S czm(e—’}%)
A = mn(f{&%@, 3, = Can (E‘%ﬁ) (20)
2.1.3 Plate Joints

This section describes the procedures used by the preprocessor computer program
to add structural joint models along one edge of some types of NASTRAN plate
elements. A schematic of a NASTRAN quadrilateral plate element with a joint
damping model included along one edge is shown in Figure 2-4. The plate
elements may be referenced by any of the following NASTRAN connection cards:
CQUADT, CQUAD2, CQDMEM, or CSHEAR. For QUAD1 or QUADZ plate elements having
both inplane and bending stiffness, when the user requests a joint damping
model to be included along the edge between gridpoints a and b, the prepro-
cessor establishes the model as follows: ’

a. Gridpoints ¢ and d are introduced along the plate edges at a specified
distance from gridpoints a and b.

b. ROD or BAR elements, if any, located along these edges are attached to
the introduced gridpoints (c and d) for continuity.

c. ROD or BAR elements, if any, located along the joint between gridpoints
a and b are each divided into two members located between gridpoints a
and b and between ¢ and d; each of these elements has half of the original
element stiffness. \

14
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d. Axial ROD elements having axial stiffness and damping are introduced

between gridpoints a and ¢ and between b and d to provide desired stiff-
ness and damping characteristics.

e. Diagonal ROD elements having axial stiffness and damping are introduced
between gridpoints a and d and between b and ¢ to provide desired stiff-
ness and damping characteristics.

f. The out-of-plane (transverse) shear stiffness is considered a negligible
quantity and is therefore not explicitly treated in this model.

g. Depending on the structural characteristics of the joint being repre-
sented, the local moment can be transferred across the joint if desired
by multipoint constraint equations using gridpoints a and b as inde-
pendent freedoms and gridpoints ¢ and d as dependent freedoms.

The preprocessor model for QDMEM and SHEAR plate elements, having oniy

inplane stiffness, is jdentical to that just described except that the rota-
tional freedoms must be muitipoint constrained across the joint except when

BAR elements are used as edge members. In addition, when adjacent plate elements
1ie in a plane, the out-of-plane translational freedom must also be multi-

point constrained except when BAR edge members are used. This is to eliminate
singularities resulting from the absence of bending and shear stiffnesses in
these plate elements.

The preprocessor model for SHEAR plate elements also includes ROD elements
across the joint between gridpoints a and ¢ and between b and d to provide
axial viscous damping.

The multipoint constraint (MPC) equation for the out-of-piane translational
freedom across a joint is automatically generated even when the plane elements
are inclined to the basic rectangular coordinate system. The MPC equation is
determined by transforming the standard "rigid-body" constraint matrix by the
direction cosines defining the vector normal to the plate elemenis. The
direction cosines are determined from the scalar components of the vector
cross-product of the position vectors on the plate corner gridpoints adjacent
to the specified joint gridpoint. The dependent freedom is chosen from the
grid across the joint from the specified joint gridpoint as that freedom
having the largest direction cosine. The MPC feature for the out-of-plane

16



translational freedom is, of course; not required when the plates along the

joint meet at an angle and thereby transfer shear forces by permissible shell
membrane action.

Default vaiues are automatically specified by the preprocessor for the NASTRAN
data describing the structural joints. For the riveted or bolted joints in
quadrilateral plate elements, numerical default values are specified for joint
width, area for axial ROD elements, and area for diagonal ROD elements. The
Joint width is specified as five percent of the distance between gridpoints

a and b. The nominal areas for both the axial and diagonal ROD elements are
defined so as to duplicate the dnplane axial and shear stiffnesses of the
original plate. The default values for these ROD areas are unity. However,
other joint factors based on estimated effectivity associated with the stress
distribution in the contact area near the individual vrivets or bolts can be
specified if required.

2.1.4 Data Preparation for Joint Damping Predictor

Specialized NASTRAN input is automatically generated by the preprocessor for
generating uncoupled partitions of the element damping matrix required for "
the joint damping predictor computer program. This input is described in the
following section.

17



2.2 JOINT DAMPING PREDICTION

This section describes the procedures used by the joint damping predictor

(JDP) computer program to determine data values for the local NASTRAN damping
elements. The specific purpose of the JDP is to evaluate coefficients for
NASTRAN VISC and ROD elements such that specified damping ratios are obtained
for selected total vehicle or major substructure modes. This approach accounts
Tfor the fact that a given local damping element may contribute significantly to
the damping of several different vehicle modes. The JDP program used with the
preprocessor program and such vehicle low-frequency modal damping equations as
those presented in References 4 and 5 permits the rational prediciton of struc-
tural damping for the higher-frequency modes.

The JDP program operates on damping data not readily available from NASTRAN.
Required BULK DATA for this specialized use of NASTRAN is prepared automati-
cally by the preprocessor; specialized NASTRAN DMAP ALTER statements are also
required. The output of this unique preprocessor/NASTRAN run is used as input
by the JDP program. The JDP program reads the following data from the NASTRAN
checkpoint/restart tape:

[4] the matrix of overall vehicle mode shapes

[BGG] the overall vehicle element damping matrix

[DMIG] the partition vector used for separating matrices

into selected subsets.

The JDP computer program requires sets of local damping elements to be separated
from each other so that an influence coefficient approach may be employed. Thus,
when two or more damping elements from djfferent damping sets attach to the same
gridpoint, duplicate gridpoints (having the same coordinates) must be defined.
Modified element conpections are then defined to attach damping elements to the
duplicate gridpoints as required. To assure that the basic stiffness and mass
characteristics of the structure are not affected by these operations, muitipoint
constraint equations are required to constrain the duplicate gridpoints to move
with the original gridpoint.

The preprocessor computer program automatically generates NASTRAN data Tor the
duplicate gridpoints, modified element connections, and multipoint censtraint
equations required to generate uncoupied partitions of the element damping matrix

18



without modifying the dynamic characteristics of the structure. The element
damping matrix [BGG] is then partitioned into distinct damping sets [BGGj].
The set corresponding to j=0 contains damping elements with parameters known.
The other sets (j=1...,n) contain damping elements with arbitrarily assumed
parameter values.

Overall vehicle damping values may be determined from equations of energy loss
per cycle vs. modal kinetic energy such as described in References 4 and 5.
These equations, which are based on aerospace modal test data, enable realistic
damping values to be predicted for selected fundamental vehicle modes. From
these total modal damping ratios for m selected Tow-frequency modes and from
the partitioned damping sets, scale factors can be calculated for the damping

sets with the assumed values. The joint damping predictor automatically per-
forms the following operations:

a. Calculate the contribution to the diagonal of the overall vehicle modal
damping matrix D* due to the damping elements in sets j=1,...,n.

{D*} = {2(g-z JoM*} - {BHHO} (21)
where 5 is the desired total modal damping ratio for the ith selected
mode
Emi is the modal damping ratio representing the material damping

0 is the frequency of the ith mode

M*i is the generalized mass of the i~ mode

{BHHO} is the diagonal of the generalized damping matrix calculated
using the element damping matrix with known parameters [BGGO] and the
partition of the matrix of mode shapes corresponding to these freedoms

and the selected modes.

th

b. Calculate a matrix of damping influence coefficients [C*] such that
{D*} = [C*]{A} (22)
where {A} is a vector of scale factors

C?d = {¢j}§ [BGGj]{¢j}i is the unit generalized -damping contribution

h

of the jth damping set and the it selected mode.

c. Solve for the scale-factor vector {A} using the standard Teast-squares
approach:

(A} = ([ex17ex )T fex1Tiom (23)
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d. Multiply the element damping sets by Aj (j=1,....n) and calculate -the
updated generalized damping matrix for verification of the analysis.

The basic output of the joint damping predictor computer program is the scale-
factor vector {A} by which the damping parameter values assumed for the initial
preprocessor/NASTRAN run are multipiied. The vector {A} is calculated such that
rationally specified modal damping values for selected fundamental vehicle modes
are obtained in the NASTRAN model. Subsequent system dynamic characteristics of
this model, combined with other models similarly calibrated, comprise realistic
and consistent damping ratios for the higher-order modes.
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2,3 ADMITTANCE MATRIX CALCULATION

The original post-processor computer program was developed to select critical
modes for low-frequency control-system studies and higher frequency vibration
analyses of the Large Space Telescope (Reference 1) using structural dynamic
characteristics obtained from a NASTRAN restart tape. The basic calculations
were performed, for ease of computation, using uncoupled normal modes. A study
indicated that the effects of modal velocity coupling could be significant to
responses in certain frequency ranges (Reference 6). The original postprocessor
has therefore been updated to use admittance techniques for selecting critical
resonances for subsequent dynamic response and loads studies. The NASTRAN
calculation of the required coupled modal damping matrix is accomplished with
DMAP ALTER statements in the NASTRAN EXECUTIVE CONTROL deck.

The postprocessor reads the following structural dynamic characteristics from the
NASTRAN checkpoint/restart tape:

[¢] the matrix of wode shapes for selected modes and freedoms

{M*} the matrix of generalized masses for selected modes

[D*] the matrix of generalized coupled modal damping terms for
selected modes

{w} the matrix of modal frequencies for selected modes

The coupled modal damping matrix is calculated by applying the modal transformation
to the viscous damping matrix BGG generated by NASTRAN in physical coordinates

[0+] = [41'[B66] [4] (24)

The postprocessor computer program accepts this data and, with options 4-6,

selects critical resonances within a specified frequency range, using an admittance
approach, Discussions of the methodology for options 1-3 may be found in Reference
1 and in Appendix III as part of the user's manual. The computations for the
admittance approach are performed primarily in generalized modal coordinates for
maximum numerical efficiency. The admittance matrices are then transformed back

to physical coordinates for the selection process. Each term in the complex
admittance matrix, in physical coordinates for a specified frequency (B) is
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defined as the response at one degree-of-freedom due to a unit sinusoidal input
of frequency B applied at another degree-of-freedom. The responses of interest
are assumed to be either displacement or velocity, and the unit input could be

gither force or moment. The displacement admittance matrix for frequency 8 in

Phyﬁical‘coordinates is defined by

(x(38)3 = [Ay (P (36)0F (802 (25)

where:
{X{jg)}

It

column of complex physical displacements at the response
freedoms at frequency B,

[AD(P)(jB)] = complex displacement admittance matrix in physical
coordinates,
{F(g)?} = column of unit sinusoidal inputs at frequency g applied

at the input freedoms,

The admittance matrix in physical coordinates is related to the corresponding
matrix in modal coordinates as follows:

P),. M), -
1A, P 380 T = [og30a, M (ie) 108 1" (26)
where:
[¢R] = matrix of mode shapes by column Tor the response freedoms,
[¢I]T = matrix of mode shapes by row for the input freedoms.

The modal displacement admittance matrix is expressed in terms of the dynamic
characteristics output on the NASTRAN restart tape as follows:

-1
" (38)7 = [E~(? - 62T + gorov] | (27]
where:
ws = modal frequency of the 3o mode ,
Mii* = generalized mass of the Tth mode,
Dik* = generalized damping term coupling the ith and kth modes.
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IT desired for computational purposes, an optional screening may be performed
to identify modes with pétentiaﬂly significant coupling for inclusion in the
subsequent calculation. The screening précess is based upon the presumption
that potential coupiling exists if the magnitude of an off-diagonal term in

the coupled damping matrix is sufficiently large in comparison with the
diagonal term and if the frequency of the mode associated with that off-diag-
onal damping term is sufficiently close to the excitation frequency. Potential
coupling exists if [D*

il . (28)
0¥y
d if T-v,7z. < LA 1T +xv, ¢ (29)
anda 17T, . ? j mj N 2 J

where ¥y and Y, are constants used to specify the degree of coupling for the
screening process and

*
R
I 2w, mx
i

is an equivalent modal viscous damping coefficient,

Reference 7 presents a similar modal coupling assessment criterionfor lightly
damped modes. Coupling can be ignored if

28,/[(8/u5)? - 11 /% << (30)
for B/wj > 1 and provided that D?j/D?i ~ 1 or smaller.

Inverting Equation (27) by partitions results in the following expression for
the modal displacement admittance matrix:

A ™ (833 = 1¢y M7 + 510y ™ (31)
where: -1
10, ™1 = -[8,7 + [ I8y T CA ]| Ay = 0~(u? - e ]
1e,™1 %= - 1oy ™ 1 308,17 8,1 = 8[0*]
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Transforming back to physical coordinates using Equation (26} results in a

computational expression for the displacement admittance matrix in physical
coordinates,

| |
=
o
—
0
S
——
[ S}

w
—r
—

i

Lopdiey ™ 0e 7 + dLagd00, M 104,17

[CD(P)] + j[DD(P)] (32)

The derivation for the velocity admittances is, of course, directly analogous.
The modal velocity admittance matrix is

A, ™ (3613 = 6, ™7 + 300,11 (33)
where : -1
ey ™1 = [r8,3 + 1Ay 28,1127 8,1 = [0*]
1o, 7= - 18,17 1A, 212, 1 (A1 = - 1P - gPme]

and the velocity admittance matrix in physical coordinates is

1, (38)7 = Tagdie, ™ are 17 + Lo 10, M 1re, T

= 1¢, P71 + 5o, (P (34)

For both displacement and velocity admittances, the desired amplitudes and lead
phase angles are determined from either Equation (32) or Equation (34) as follows:

14557601 = [o, P 007 + 0y, (P(s) )
045(8) = tan” [0, P (a)re P e)]

where i and j are indices referring to se]ected'fesponse and input freedoms.

For each pair of response and input freedoms, the admittance amplitudes and Tead
phase angles (defined from 0° to +180°) are tabulated versus increasing frequency
(g) as the primary output of the postprocessor., The rank corresponding to each
admittance amplitude is also included in this data tabulation.

24



Acceleration admittances are calculated from the corresponding displacement
admittances. The displacement amplitudes are multiplied by 32 and the dis-
placement phase angles are shifted +180° for the acceleration admittances.

For each pair of response and input freedoms, the admittance amplitudes and
Tead phase angles (defined from 0° to j}80°) are tabﬁ]ated versus increasing
frequency (8) as the primary output of the postprocessor. The rank correspond-
ing to each admittance amplitude is also inciuded in this data tabulation.
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3.0 REALISTIC STRUCTURAL MODEL

A realistic NASTRAN structural model of the Space Shuttle was developed using
the preprocessor to incorporate structural joint stiffness and damping char-
acteristics. The objective of the modeling task was to develop a sufficiently
detailed structural model to accurately represent the dynamics of the structure
below approximately 25 Hz while keeping the mass degrees-of-freedom to a
reasonable number for computational efficiency. The number of mass degrees-of-
freedom established as a goal for, each of the three Space Shuttle half-model
components were: External Tank (ET), 100; Solid Rocket Motor (SRM), 50; and
Orbiter, 150. )

Detailed descriptions of each of the Space Shuttle component models including
structural joints are presented in the following sections along with a descrip-
tion of the model developed to represent SRM propellani dynamics.

~

3.1 SPACE SHUTTLE STRUCTURAL MODELS

External Tank and Solid Rocket Motor models were developed using structural

drawings supplied by MSFC and the NASTRAN model of the Orbiter was obtained

from JSC/SMD, Reference 5, and modified for use in this study. Solid Rocket
Motor propellant data and Space Shuttle mass data were supplied by MSFC.

Each of the three vehicles in the Space Shuttle half-model has its own coord-

inate system. The relation of each coordinate system to the overall coordinate
system is shown in Figure 3-1 and Table 3-1.

3.1.1 External Tank

The External Tank (ET) half-model consists of 86 gridpoints, 484 stiffness
degrees-of-freedom and 96 retained freedoms. The tank shell, and intertank
structure were modeled using QUAD1, QUADZ, TRIAT and TRIAZ NASTRAN plate
elements. Ring stiffeners were modeled using BAR elements. BAR and ROD
elements were used to represent the Orbiter support structure. The gridpoint,
BAR and ROD, and plate identification numberings are shown in Figures 3-2
through 3-4, respectively.

The forward and aft elliptical LH2 tank domes are modeled using constant
thickness plate elements (QUAD2 and TRIA2). Nonhomogenecus plate elements
(QUADT and TRIA1) are used to model the cylindrical LH2 tank skin to account
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TABLE 3-1 SPACE SHUTTLE COORDINATE SYSTEMS
COORDINATE ORIGIN
VEHICLE X, m(in.) Y, -in (in.) Z,m (in.) "
EXTERNAL TANK 0(0) 6{0) 10.16 {400.) -
SOLID ROCKET MOTOR 13.89 (547.) "6.36 (250.5) 10.16 {400.)
ORBITER 19.08 {751.) 0(0) 8.51 (335.).

The range of gridpoint numbers for each vehicle is as follows:

External Tank (ET) 0 -

Solid Rocket Motor (SRM) 500 -
Orbiter

forward fuselage’ 11000 -

fuselage payload section 12000 -

wing 13000 -

© thrust structure - 14000 -

vertical tail 5000 -

payioad -

" 6000

299
999

11999
12999
13999
14999
5999
6999

NOTE: The preprocessor inserts gridpoints with numbers in the range 7000 -
9000 for the structural joints.
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for the longitudinal stiffeners machined into the skin panels. The ring
stiffeners at stations Xp = 1129.9, 1377.6, 1624.3, 1871.0, and 2058.0 and the
longeron at the aft Orbiter attachment fitting are represented by BAR elements,

The LO2 tank skin is modeled using homogeneous plate elements (QUAD2 and,
TRIA2). Ring stiffeners at stations Xp = 744.85 and 851.0 are modeled using
BAR elements and include the effect of the slosh baffles attached to them.

The ET intertank structure consists of skin panels stiffened longitudinally
by external hat section stiffeners and, in the area of the SRM attachment
beam, by stiffeners machined into the panels. The effect of 4 of the 5
internal ring stiffeners are included in the properties of the QUAD! and
TRIAT elements used to represent the stiffened intertank skin panels. The
ring stiffener at station Xp = 985.7 and the SRM attachment beam running
through the intertank are modeled with BAR elements.

ROD elements are used to represent the Orbiter forward attachment struts at
station Xp = 1129.9.

Details of the aft Orbiter attachment fittings are shown in Figure 3-5. Truss
members are modeled using BAR and ROD elements. Ball joint and pin joint
characteristics in the Orbiter attachment truss are modeled by appropriate
joint and member parameters.

External Tank and Tiquid propellant weights are Tumped at 37 gridpoints.
Lumped masses for 1ifioff, max q and SRB cut-off conditions are shown in
Table 3-2. The propellant is assumed to be "frozen® to the ET structure.

3.1.2 SoTlid Rocket Motor

Each Solid Rocket Motor (SRM) consists of 9 cylindrical propellant case seg-
ments with a nose cone and forward compartment attached at the forward end,
and a tail cone and rocket nozzle attached at the aft end. The steel SRM case
is represented by a single beam along its centerline using BAR elements as
shown in Figure 3-6. The SRM attachment points are constrained to the center-
line model using multipoint constraint (MPC) equations.
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Table 3-2: External Tank Mass Data
Half-Vehicle Mass, kg (1b-sec2/1n)

GRID
NUMBER LIFTOFF MAX Q SRB CUT-QFF

10 152.  (0.9) 145, { 0.8) 145. ( 0.8)
16 10200. (58.2) 5981. (34,1} 1111, (6.3)
17 20400. (116.4) 11963. (68.3% 2221, (12.7)
18 20400, (116.4) 11963.  (68.3 2221. (12.7)
19 20400. (116.4} 11963,  (68.3) 2221. (12.7)
20 10200. (58.2) 5981.  (34.1) 17111, (6.3)
31 20766. (118.5)

32 - 47531, EEWJ%

33 41531. (237.0 all other masses are

4 . 41531, (237.0) the.same as 1iftoff

35 20766. (118.5)

46 7370, (42.1)

47 14740.  (84.1)

48 14740.  (84.1)

49 14740.  (84.1)

50 7370.  (42.1)

82 2255. 12.9; 946 (8.6) 660. (3.8)
83 4511. 25.7 1892.  (17.3) 1319,  (7.5)
84 4511.  (25.7) 1892,  {17.3) 1319. (7.5)
85 4511.  (25.7) 1892.  (17.3)  1319. (7.5)
86 2255.  (12.9) 946, (8.6) 660.  (3.8)
701 3490. (19.9) .

102 6379.  (39.8)

103 6979.  (39.8)
104 6979. (39.8)

105 3490.  (19.9)

121 1645. (9.4)

122 3289. (18.8)

123 3289. (18.8)

124 3289. (18.8)

125 3289. (18.8)

126 1645. (9.4)

131 307. (1.7)

132 603. (3.4)

133 603.  (3.4)

134 603. (3.4)

136 301. (1.7)
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‘Also shown in Figure 3-6 are the Maxwell-type viscoelastic models used to
represent the compliex modulus of the solid rocket propellant in the axial and tor-

sjonal directions. Propellant masses and spring constants are derived in Section
3.3.3.

The SRM model consists of 24 gridpoints, 86 stiffness degrees-of-freedom and
60 retained freedoms. SRM case and propellant weights lumped at 10 gridpoints
along the centerline are shown in Tables 3-3 through 3-5 for 1iftoff, max g
and SRB cut-off, respectively. SRM nozzle weight is not included in the
model.

3.1.3 Orbiter

A NASTRAN finite element model of an early version of the Space Shuttle
Orbiter was obtained from NASA/JSC (Reference 8) and was modified for this
study. The model consists primarily of shear plates (SHEAR) and membrane
elements (TRMEM and QDMEM) with BAR elements along their edges. Gridpoint
and element numbers for the Orbiter model are shown in Figures 3-7 through
3-12. The vertical tail and wing are attached to the fuselage with BAR
elements. ’

The Orbiter model consists of 462 gridpoints, 2460 stiffness degrees-of-
freedom and 136 retained freedoms. Orbiter weights are Tumped at 48 grid-
points as shown in Table 3-6. Space Shuttle Main Engine {SSME) weights are
not <included in the model.
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Table 3-3: SRM Mass Properties (Liftoff)

GRID MASS _2Ixx ) Lo lay )
NUMBER kg{1b-sec/in) kg-m“(in-1b-sec”) kg~m~(in-1b-sec”)
501 5982. (34,1) 2.50E3 (2.21E4) 1.17E4 (1.04E5)
503 56249,  (300.4) 1.66E5  {1.47E6) 5.14E5 (4.54E6)
504(L) 46833. (267.2) 0 0
610(A) 46833. (267.2) 40.4 (357.1) 0
611(A) 468, (2.7) .40 (3.6) 0
505 91562. (522.5) 2.96E5 (2.62E6) 9.16E5 (8.10E6)
506(L) 46833. (267.2) 0 0
620(A) 46833. (267.2) 40.4 (357.1) 0
621(A) 468. (2.7) .40 (3.6) 0
507 91332.  (521.2 3.01E5 (2.66E6) 9.09E5 (8.04E6)
508(L) 86833,  {(267.2 0 - 0
630(A) 46833. {267.2) 40.4 (357.1) 0 _
631(A) 468. (2.7) .40 (3.6) 0
509 93117.  (531.4) 3.10E5  (2.74£6) 9.20E5 (8.13E6)
512(L) 46833, (267,2) 0 0
640 (A) 46833. (267.2) 40.4 (357.1) 0
641(A) 468. (2.7) 40 (3.6) 0

5) 1.82E5  (1.61E6) 5.01E5 {4.43E6)

513 53002.  (302.

lateral mass
axial mass

e

x>

o
1o
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GRID
NUMBER

501
503

504 (L)
610(A)
611 (A)
505

506 (L)
620 (A)
621 (A)
507

508 (1.}
630 (A)
631(A)
509

512 (L)
640 (A)
641 (A)
513

(L)
(A)

Table 3-4:
MASS ,

kg(Tb-sec®/in)
5982. (34.1)
36422.  {207.9)
6100. (34.8)
6100. (34.8)
59. (0.3)
63174.  (360.5)
6100. (34.8)
6100. (34.8)
59. (0.3}
64478,  (368.0}
6100. (34.8)
6100. (34.8)
59, (0.3)
§7038.  (382.5)
6100. {34.8)
6100. 34.8)
59, (0.3)
41609. (237.4)

1ateral mass
axial mass

SRM Mass Properties (Max, Q)

IXX

kg-mz(in—1b-sec2)

2.50E3
1.17E5
0

(2.21E4)

(1.03E6)

- (1.78E6)

39

(1.81E6)

{1.89E6)

(1.19E6)

oz,

kg-m~{in-1b-sec”)
1.17E4 {1.04E5)
2,3555 (2.44E6)

0

0
4.82E5  (4.26E6)

0

0

0
4.91E8 (4,34E6)

0

0

0 .
5.10E5 (4.51E6)

0

0

0 .
3.14E5  {2.77E6)



GRID
NUMBER

501
503

504 (L)
610 (A)
611 (A)
505

506 (L)
620 (A)
621 (A)
507

508 (L)
630 (A)
631 (A)
509

512 (L)
620 (A)
641 (A)
513 -

nn

Table 3-5:

MASS
kg(?b—secz/in)

5982. (34.1)
10258, {58.5)
0
0

1083g. (61.8)
i2140.  (69.3)
14700.  (83.9)
15436. é88.13

Tateral mass
axial mass

AKX

SRM Mass Properties (SRB

kg-mz(in-lb—secz)

2.50E3
3.52E4

5.05E4
0

0
0

5.31E4

40

(2.21E4)
(3.12E5)

(3.30E5)

(3.69E5)

(4.47E5)

(4.69E5)

Cut-0ff)

I

e

ZZ

kg-mz(in-1b—sec2)

1.17E4
7.41E4

(1.04E5)
(6.56E5)

(6.92E5)

(7.76E5)

(9.39E5)

(9.86E5)



FIGURE 3-7: ORBITER MATH MODEL
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FIGURE 3-9: - ORBITER - FUSELAGE PAYLOAD SECTION
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Table 3~6: Orbiter Mass Data

GRID MASS GRID MASS

NUMBER kg(Tb-sec/in) NUMBER kg(1b-sec?/in)
11017 1290.5 (7.37) 13037 688.4 (3.93)
11021 - 390.3 (2.23) 13064 559.0 {3.19)
11023 1212.1  (6.92) 13066 605.1 (3.46)
11026 642.3 (3.67) 13096 500.1 (2.85)
11049 227.5 (1.30) 13098 618.8 (3.53)
11053 1791.7 (10.23) 13100 899.3 (5.13)
11055 837.5 (4.78) 13134 357.0 (2.04)
11058 670.8  (3.83) 13156 355.0 (2.04)
12018 2695.8 (15.40) 14001 287.3  (1.64)
12020 661.9 (3.78) 14005 2208.4 (12.61)
12023 384.4 (2.20) 14013 748.2  (4.27)
12044 2651.7 (15.14) 14016 1420.0  (8.11)
12046 564.9  (3,23) 14029 94,1  (0.54)
12049 231.4  (1.32) 14032 399.1  (2.28)
12070 2289.8 (13.08) 14034 2759.6 (15.76)
12072 663.9  (3.79) 14039 719.8  (4.11)
12075 204.0  (1.16) 14042 446.2 (2.55)
12096 1720.1  (9.82) 14045 546.2  (3.12)
12098 667.8  (3.81) 5001 . 553,1  (3.16)
12101 182.4  (1.04) 5005 105.9  (0.61)
13001 111.8  (0.64) 5007 100.0  (0.57)
13016 424.6  (2.43) 5011 424.6  (2.42)
13035 233.4  (1,33) 5015 88.2  (0.50)

5019 196.1  {1.12)

5021 140.2  (0.80)

* Includes OMS Kit Mass
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3.1.4 Payioad

The payload is modeled as a rigid body as shown in Figure 3-13. Its mass
properties represent the Large Space Telescope (LST). The attachment structure
is modeled using BAR elements with pin flags to represent the statically deter-
minant payload supports. The weight of the Orbital Maneuvering Subsystem (OMS)
kit in the aft portion of the payload bay is included in the weights on the aft
bulkhead (forward bulkhead of the thrust structure}. Payload and OMS kit mass
properties are shown in Table 3-7.

3.2 STRUCTURAL JOINTS AND DAMPING

Structural joints were included in each of the three half-model vehicles. The
joints were inserted in the structure by the preprocessor computer program.
Free-free mode shapes of each vehicle were obtained with arbitrary damping in-the
joints to provide a starting point for the determination of proper joint damping
coefficients. ET and SRM damping constants were calculated by hand while the
damping coefficients for the orbiter were calculated using the joint damping
_predictor computer program. A1l damping parameters were calculated at Tiftoff.

A study was performed to determine the extent of Coulomb type damping in the
SRM/ET forward attachment ball joint and the orbiter/ET aft attachment ball joint.
An equivalent viscous damping coefficient (Reference 9) was calculated for the
SRM/ET forward attachment as follows:

¢ = . (35)
where:
F = an = friction force
= amplitude of motion
w = frequency of vibration
r = friction coefficient
Fn = normal force

For rotational motion, the friction force in Equation (35} fis replaced by the
friction moment and the amplitude of motion is in radians, Using the moment due
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Table 3-7: Payload and OMS Mass Data

PAYLOAD (half-model)
W - 3715. kg (21.2 1b-sec2/in.}

1, - 2657, kg-m° (50040. Tb-in-sec?)

1, - 28850, kg-m> (2.552x10° 1b-in-sec?)

I, - 28850, kg-n® (2.552x10° 1b-in-sec?)
OMS KIT (half-model)

W - 2723, kg (15.54 Tb-sec’/in.).
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to the preload in the ball joint bolt (8.9 x 10° N x .178 m), a friction co-
efficient of 0.46, an estimated amﬁ]itude of rotation of 2.43 X 10-3 radians,
and a frequency of 18.8 rad/sec, the equivalent viscous damping coefficient is
2.0 x 107 N-m/rad/sec. Applying this damping to the Space Shuttle modes given
in Reference 10, results in unrealistically high modal damping for some of the
modes, It is concluded that the high preloads in the ball joints preclude joint
motion and therefore no coulomb damping is generated. Further, it is assumed
that the spherical bearings designed into the SRM/ET aft attachment struts,

the Orbiter/ET forward struts and the Orbiter/ET aft support truss contribute
negtigibie damping to structural deformations. Therefore all structural damping
is assumed to be generated by internal structural deformations of the joints in
the Shuttle components and by wmaterial damping.

Desired modal damping values were obtained from the empirical damping study
performed for the Space Shuttle in Reference 4. In that study, expressions were
derived which relate energy dissipation per cycle (D) to the kinetic energy (T)
of the vehicle based on data obtained from existing space vehicies. Two expres-

sions were derived for bending: One which includes Saturn I data and one which
does not.

For bending {without Saturn I data):

D= .153 T-893 (36)

For bending {with Saturn I data included):

D = .286 T-746 (37)
For Tongitudinal modes:

D = .057 T'I.'!04 (38)
For torsion modes: ,

D = .101 T'l.279 (39)

where D and T are in SI units.
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Equivalent viscous démping is related to energy dissipation per cycle and
kinetic energy.

_ D
L= T (40)

Therefore, an expression for equivalent viscous damping can be obtained for
bending, longitudinal motion and torsion from Equations {36) - (39).

For bending (with Saturn I data):

_ .286 -.254 (41)
81 T Tdm |
For bending {without Saturn I data):
_ .153 --.110
1i}
For longitudinal motion:
_ 057 ~.104
5. T A T (43)
For torsional motion:
_ L1071 +.279 (44)
T T

Kinetic energy, written in terms of modal parameters, is:

T= Mm2

XZ | (45)

r| —

where M is the generalized mass in kilogram, w is the modal frequency in radians
per second, and X is the modal displacement in meters.

A similar study was performed for a Boeing 747 airplane, and the results are
documented in Reference 5. Energy dissipation versus kinetic energy are shown
in Figure 3-14, The best straight line fit through these data points was found
using linear least-squares regression and is shown in Figure 3-14. The equation
of this line is: ’

D = .2196(1) -1 (46)

Also shown in the figure is the Tine derived by Chang (Referenceli) whose equation
is:
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D= .313(1) P (47

Equation (46) was used to determine the equivalent modal damping for the Orbiter.

_ 2196

-.089
L

T (48)

The calculation of realistic modal damping from these equations is, therefore,
dependent upon the determination of the kinetic energy, T, for that mode. This
is, according to Equation {45}, equivalent to determining the maximum modal
deflection which can only be determined from the dynamic analysis for which the
model is being constructed. Therefore a rational method must be used to deter-
mine the kinetic energy to be used in the damping equations.

One method which could be used is based upon the determination of the modal
deflection which results in the maximum allowable strain in a critical element.
For tension and compression of aluminum or steel siructures, the uliimate
allowable strain (Reference 12} is:

ey = 002

For torsion of a thin-walled circular tube, the material is in a state of pure
shear where the stresses and strains are:

Y = ro

S, Gy (49)

Hera 6 is the angle of twist per unit Tength of the shaft and r is the radius
to the outer fiber. From a uniaxial tensile test, the yield stress is

= 50
Gy Esy ( )

According to the Mises yield condition, the allowable shear stress (ry) and the

allowable normal stress (cy) are related by

= 51
Ty Uy / V3 (51)

or

S, = Eey, / Y3 = Gre (52)
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Therefore, since G = E/2(14u), the allowable angle of twist per unit length is:

- 2{1+y)
5. = L TS (53)
a %y r /3

For Ey = 002 and ¢ = .3

0, = 118/r (rad/m) (54)
Limit allowable strain and angle of twist can be obtained by dividing by the
ultimate factor of safety (F.S.).

33
1]

e /F.S.
y
(55)

e; ea/FQS.
Subtracting the strains caused by static forces gives the 1imit allowable strain
for dynamic loading. The maximum allowable defiection of the predominant mode
can then be found by calculating the ratio of -allowable dynamic strain to the
strain in the critical element due to a unit modal deflection. Then the kinetic
energy of that mode can be calculated from Equation (45).

Structural joints and damping values for each vehicle are discussed in the
following sections.
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3.2.1 External Tank

The only mechanical joints on the ET are at each end of the intertank shell
where it is atfached to the LH2 and L02 tanks, These joints consist of two
flanges bolted together as shown in Figure 3-15. Plate joints were inserted

at both interfaces using the preprocessor computer program. Free-free mode
shapes and modal damping matrix were obtained using arbitrary damping values in
the structural joints. Final damping parameters were calculated by ratioing
these arbitrary values based on estimated kinetic energy in appropriate modes.

Damping parameters for the axial joint members were derived from the first
free-free ET bending mode (f = 3.7 Hz) and Equation (41).

The maximum strain for this mode occurs in the interstage, forward of the ET/
SRB attachment beam. The limit allowable strain is:

| J— -002 — -002 — .00]33 (-56)

The static strain in the forward interstage due to 1.7 g longitudinal accelera-
tion at 1iftoff is:

el, = .00115 (57)

Therefore, the 1imit allowable strain for dynamic events is:
sé = .00018 (58)

Assuming that the dynamic strain due to bending and axial motion are the same,
we have:

sé = Eéx = 9.0)(10—5 (59)

The strain in the interstage due to a unit (1.0 m) deflection of the first ET
bending mode is 0.0445, Therefore, the modal deflection (q) which results in the

limit allowable bending strain is:
5
9.0x10 -
= —04gs  * 2.02x10 3 m (60 )

The kinetic energy of this mode is then
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(3.15x197)(2.02x 1073)% = 64.3 N-m (61)

Then, using Equation (41), the desired damping ratic for the first ET bending
mode is

T- - 254

r = .0228 = .0079 (62)

The damping parameter for the axial joint members in the ET intertank joints
is then calculated by multiplying the damping parameter used in the "unit”®
damping case by the ratio of the desired damping ratio shown above to the
damping ratio obtained in the arbitrary damping case. This calculation gives

Cp = 4.68x10° N/m/sec.

Using this damping value, the modal viscous damping ratio for the first ET
free-free longitudinal mode (10.0 Hz) is z=.013.

Calculations of fhe damping parameters for the diagonal joint Wmembers based on
allowable torsional motion of the ET resuited in unreasonably high modal damping
values. Therefore a representative value of torsional kinetic energy was
selected from the test data used in Reference 4 to develop the torsional damping
equation, Equation (39). The range of kinetic energy used in Reference &
results in ET torsional mode damping from r=,008 to z=.024,- For conservatism,
the Tow value of kinetic energy was used as a representative value for the
external tank resulting in modal damping of:

z=.008 (63)

Based on the arbitrary damping case, the damping constant for the diagonal-plate
joint members which would give this value of modal damping is:

CD =2.084 X% ]05 N/m/sec (64)

Joint damping parameters are summarized in Table 3-8. ATl damping parameters
are assumed to remain constant for all flight conditions.
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TABLE 3-8: STRUCTURAL JOINT DAMPING PARAMETERS
BAR JOINTS
ELEMENT
JOINT LOCATION I.D. Clm cln | Clp c2m c2n C2p
9 10 10
SRM CASE JOINTS 502 - 508 & | 2.99 x 10 0 | o 0 1.34 x 10 1.34 x 10
510 - 512 | (1.71 x 107) (1.19 x 109 | (1,19 x 10"y
ORBITER WING ROOT | 3108, 3109, 0 o | o | 3.428 x10° 3.428 x 10° | 3.428 x 10°
3111, 3112, 7 7 7
e (3.034 x 107) | (3.038 x 107) | (3.034 x 107)
3116, 3118.
3119, 3120,
3121
VERTICAL TAIL ROOT |15024 - 0 o | o |2.302x10° 2.302 x 10° | 2.302 x 10°
15027 (2.037 x 105 | (2.037 x 10%) | (2.037 x 10%)
15030 -
15037
UNITS: C1 = N/m/sac (1b/in/sec}
€2 = N-m-sec (1b-in-sec}
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TABLE 3-8: STRUCTURAL JOINT DAMPING PARAMETERS (Continued)

PLATE JOINTS

JOINT LOCATION ELEMENT I.D. CA ‘ Cb
ET INTERTANK JOINTS 26 through 33 4.68 x ]06 N/m/sec 2.08 x 105 N/m/sec
(26,700 1b/in/sec) (1190. 1b/in/sec)
ORBITER FUSELAGE JOINTS . 12432, 12433, 7422, N/m/sec 1.159 x 108 N/m/sec
%gﬁﬁﬁ: s (42.5 1b/in/sec) (6.62 x 10° 1b/in/sec)

12450, 12451,
12456, 12457,
12462, 12463,
12468, 12469,
12474, 12475,
12480, 12481,
12486 - 12515,
12610, 12612,

13021, 35860. N/m/sec 35860. N/m/sec

ORBITER WING JOINTS . 13019 -
]3822 - }§8§9= (204.8 1b/1in/sec) (204.8 1b/in/sec)
13082 - 13084




3.2.2 Solid Rocket Motor

The nine cyiindrical SRM case segments are connected together using pin/clevis
Joints as shown in Figure 3-16. Ten joints were inserted in the centerline
representation of the SRM using the preprocessor computer program. Damping
constants were supplied to provide damping in the axial and the two beam bend-
ing directions. Free~-free SRM modes and modal damping coefficients were cal-
culated using arbitrary damping in the structural joints to provide the basis
for kinetic energy and damping parameter calculations.

Damping constants for bending were calculated using the first free-free bend-
ing mode and Equation {41). The 1imit allowable strain is:

e = %9%§-= .00133 (65)

The static strain in the SRM case is caused by thrust loads and internal pres-
sure loads.

e' ey = -00119 (66)

Then the 1imit allowable strain for axial and bending dynamics is:

sy = -00014 - (68)

Assuming that the dynamic strain due to bending and axial motion are equal:

Ell) = EE'i.X = 00007 (69 )

The maximum strain jn the SRM case due to a unit (1.0 m) deflection of the first
bending mode is 0.0187. Therefore, the modal deflection (g) which results in the
1imit allowable bending strain is:

_ 7.0x107°

_ -3 5
5Ter— = 3.74x1077 m (69)

Using Equation (45) to calculate the kinetic energy for this mode:
(70)

"2 Z 516, Nem

T =-% (7.38x107 ) (3. 74x10

Then, from Equation (41), the desired damping ratio for the first SRM bending
mode is:

-.254 _

¢ = .0228T .0047 (711
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The modal damping produced by the arbitrary joint damping values is z = .00287.
Therefore, the damping constant necessary to give the desired modal damping in
bending is:

C2n = C2p = 0047 _ 10
" P = 5ozg7 Carp = 1-3W10°7 N-m/rad/sec (72)

For axial motion, the damping constants were calculated using the first long-
jtudinal SRM mode and Equation (43). The maximum strain in the SRM case due

to a unit (1.0 m) deflection of the Tongitudinal mode is 0.106. Therefore,

the modal deflecflection {q) which results in the Timit allowable axial strain i

_7.0x107°

_ -4

From Equation (45), the kinetic energy for the longitudinal mode is:

T = % (5.06x10°)(6.60x10™)% = 1102. N-m (74)

Then the desired modal damping ratio for the first longitudinal mode, from
Equation (43), is:

.104

= 00454 T = ,0094 (7))

The modal damping produced by the arb1trary joint damping values is ¢ = 4. 06x10~
Therefore, the damping constant necessary to give the desired modal damping is:

Clm = —449925— C ey = 2.99x109N/m/sec (%)
4,06x1078 unit :

Joint damping parameters are summarized in Table 3-8. Al1 joint damping
parameters are assumed to be constant for all flight conditions.
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3.2.3 Orbiter

Structural joints were inserted in the Orbiter structure at ten stations
along the fuselage, at two spanwise stations in the wing and at the wing and
vertical tail roots. The fuselage joints are Tocated in the payload section
side panels and fuselage bottom panels at stations Xg = 559.5, 655., 751.,
826., 901,, 973., 1047., 1133., 1191., and 1243., as shown in Figure 3-17.
Wing panel joints are Tocated in the upper and lower surface panels at sta-
tions Yo = 195.0 and 280.2, as shown in Figure 3-18. Wing and vertical

tajl root joints were inserted in the BARS which attach the wing and vertical
tail to the fuselage as shown. in Figure 3-19.

Symmetric and antisymmetric orbiter modes were calculated with structural
joints included. The damping elements in each joint were assigned to one of
five damping sets and arbitrary damping parameter values were used. These data
were used by the joint damp%ng predictor computer program to calculate proper
damping parameter values necessary to obtain proper modal damping in specified
modes. Details of the methodology used in the joint damping predictor computer
program are found in Section 2.2.

The number of modes for which desired modal damping is specified mus; be equal
to, or greater than, the number of damping sets, Therefore, jor this case,
desired damping for at Teast five modes is required. The five selected modes,
the desired modal damping and the modal damping resulting from the damping
parameters calculated by the joint damping prediction computer program are
shown in Table 3-9. Damping parameter values calculated for Orbiter joints

are shown in Table 3-8.

3.2.4 Paylead
Damping at the payload attachment fittings was not modeled because iis res-
onant frequency is higher than 50 Hz, and would not contribute significantly

to the damping at frequencies corresponding to the first 50 Space Shuttle
modes.
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Table 3-9: Comparison of Desired and Actual Orbiter
Modal Damping

Madal Damping (t)

Mode Description Desired Actual

Sym. wing bending ) 0110 0110

5 first sym. fuselage, bending .0088 .0088

34 vertical tail bending 0105 .0105
36 first antisym. fuselage bending 0101 L0101
37 first fuselage torsion .0065 L0065
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3.3 SOLID ROCKET MOTOR PROPELLANT DYNAMICS

The dynamics of the solid rocket motor propellant could have a significant
effect on total vehicle dynamics. The propellant is a viscoelastic material
whose properties are characterized by complex elastic moduli. Finite-
element modeling of the solid propellant using a Maxwell-ftype viscoelastic
model is described in Section 3.3.3. Parametric vaiues used in this MaxweTll
model were determined from two studies. Section 3.3.1 demonstrates that a
Maxweli-type viscoelastic model can accurately represent the observed
frequency-dependent stiffness characteristics of the solid propeillant.
Relationships between the Maxwell parameters and the propellant shear
modulus are presented. Section 3.3.2 presents a modal analysis of a solid
propellant segment using solid finite elements.

3.3.1 MODELING OF COMPLEX MODULUS
The complex shear modulus of a viscoelastic material is wriéten:

G=G"+j@&" (77)
Test data for the TP-H1123 propellant used in the SRM were provided by
NASA/MSFC and are shown in Figure 3-20. The fact that stifiness increases
as the frequency increases suggested the applicability of a Maxwell-type
structural model (Reference 13)to represent these characteristics
(Figure 3-21).
For the Maxwell model, the complex shear stiffness is:

: — 3 1T 78
K(3B) = K + K¢ (/%)

and is proportional to the complex shear modulus

k(sg) = £ (&' + j&") (79)
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The real and imaginary components of the Maxwell model stiffness are given
in Reference 13 as follows:

e 2 2,1
K¢ K, + Kznz(l + nz) (80)

KY = Kym, (1 + ng)“' (81)

where Nos the loss factor, is:

c.8

_ &
n, = % {82)

Substituting Equation (82} into Equations {80) and (81):

sl BE T @

2

)]

As shown in Equation (79), for a block of propellant having unit area and
unit length, the stiffness components given by Equations (83) and (84) are

g
S

numerically identical te the shear modulus components of Equation {33).
Therefore Equations (83) and (84), with known data values of G' and G"
substituted for Kg' and KS", may be used to find the Maxwell parameters

Kys K2 and C, which closely match the complex shear modulus characteristics.
The Maxwell model accurately represents either the real or imaginary compo-
nent of the shear wmodulus as shown in Figure 3-22. The parameters of Case A
were chosen to be used for the SRM propeliant because the imaginary component
matches the test data very closely and the real component is only 6.3 percent
below the test data at the frequency of the first longitudinal propellant
mode (11.6 Hz). '
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3.3.2 Propeliant Modes

The dynamic characteristics of the solid propellant were determined from

a solid finite-element model of a propeliant segment 406.4 cm (160 in.) in
length. The propellant, cantilevered from a rigid tank wall, was modeled
using the NASTRAN WEDGE element as shown in Figure 3-23. The propellant
density is 1.772 g/cm3 (1.657E-4 l%EE%EE ). The shear modulus at zero
frequency, 344.7 N/cm2 (500 psi}, was used for propellant mode calculations.
The Young's modulus of 1034.2 N/cm2 (1500 psi) was used with a Poisson's
ratio of 0.45.

Symmetric and antisymmetric modes and frequencies were calculated and are
tabulated in Table 3-1Q0 The first longitudinal mode frequency is 11.6 Hz
and the first torsional mode frequency is 16.7 Hz.

3.3.3 Propellant Structural Model

The SRM consists of four individual propellant sections. Three of these
éegments are 812.8 cm (320, in.) Tong and the fourth is 343.3 cm (332. in.)
jong. The analysis of Section 3.3.1 shows that the Maxwell-type model
accurately represents the'comp1ex modulus of the viscoelastic propellant.
Therefore Maxwell structural models were used to model each of the four
propellant segments as shown in Figure 3-6. The propeliant masses are con-
nacted to the centerline structural model using NASTRAN ROD and VISC elements.
The mass freedoms were specified to allow propeliant motion in the X and RX
directions only. . '

The propellant masses and primary spring constants (K]) were established to
represent the first longitudinal and torsional propellant modes as determined
in the propellant mode study (Section 3.3.2). Propellant masses weré deter-
mined by muTtiplying the generalized mass of the first mode by the ratio of
total propellant segment mass to Propellant mass used in the modal analysis.
The remaining propellant mass was added to the SRM centerline mass points.
Total segment masses were obtained from the SRM weight breakdown supplied by
NASA/MSFC (Reference 14). The values of K1 (axial and torsional propellant
stiffness at zero frequency) were obtained from the generalized stiffness (kg)
of the first longitudinal and torsional propellant modes and were assumed to
be constant for each of the four propellant segments.
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TABLE 3-10: SRM PROPELLANT MODAL' DATA

MODE FREQUENCY GENERALIZED MASS TYPE*
NUMBER Hz kg (1b-sec2/in.)
1 11.6 10300.  (58.8) A
2 13.3 5400.  (30.8) A
3 16.3 7250.  (41.4) A
4 16.7 4330.  (24.7) A,L
5  SYMMETRIC 18.2 4730 (27.0) A,L
6 19.0 3960.  (22.6) A,L
7 20.1 9250.  (52.8) A
8 21.5 5960.  {34.0) A
9 22.1 4350.  (24.8) A.L
10y 230 5380.  (30.7) A.L
1 1 13.3 5710.  (32.6) A
12 16.3 4450,  (25.4) A.L
13 16.7 15600,  (89.2) T
14 17.4 5900,  (33.7) A
15 ANTI- 19.2 3920. (22.4) A,L
16 SYMMETRIC  20.1 8470,  (48.0) A
17 21.8 3140.  (17.9) A.L
18 22.9 4820.  (27.5) A.L
19 23.5 8220.  (46.9) A
20 23.6 3940.  (22.5) A,L

* A - axial mode
L - lateral mode
T - torsion mode
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(Ky)g = & (kghyy = 2.492 x 107 /m (1.4235 x 10° Tb/in.)
(K )py = 4 (kg)ipy = 4417 x 107 N-m/rad(3.91 x 105 in-Tb/rad)

The Maxwell parameters, K2 and C2, were determined from the results of the
complex modulus study (Section 3.3.1). From Equations (83) and (84), the
components of the complex stiffness are defined when K1, n and KZ/K] are
known. Using the results of the complex modulus study

Ko/Ky = 2.76
and
= -3
n=1.7826 x 10 “ g
Therefore, using the values of K1 calculated above,
(K,)y = 6.880 x 107 N/m (3.9289 x 10° Tb/in. )
(Ko)py = 1.219 X 10° N-m/rad (1.079 x 107 in-1b/rad)
2°RX
And, assuming a constant loss factor (n):
(CZ)X = 122630, N-sec/m (7003.6 1b-sec/in.} ——

(CZ)RX = 2173. N-m/rad/sec (19234. in-1b/rad/sec)

SRM free-free modes were calculated with the four propellant models included.
The resulting modal parameters for the first twenty flexible modes are ‘summarize
in Table 3-11. Mode numbers five through eight are the longitudinal modes
associated with each of the four propellant segments and modes 9 through 13 are
propellant torsion modes.
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TABLE 3-11: SRM FREE-FREE MODAL PARAMETERS

FREQUENCY

Hz

GENERALTIZED MASS
kg {1b-sec2/in:)

10.
10.
10.
11
11
14.

.43
.43

16
16
92

.43
51

02

15.58
16.66
16.66
16.66
16.66

16.
16.
23.
23.
25.
28.
_28.

81
81
35
35
74
04
04

9.57E4
9.57E4
9.68E4
9.68E4
1.07E5
1.76E5
1.09E5
2.14E5
1.51E7
1.31E5
1.17E5
1.00E5
1.21E5
1.23E5
1.23E5
1.77E5
1.77E5
1.93E5
2.97E5
2.97E5
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( 546.0)
( 546.0)
( 552.5)
( 552.5)
( 612.6)
(1006.2)
( 619.6)
(1219.8)
(86016. )
( 748.6)
( 666.4)
( 571.3)
( 690.2)
( 703.1)
( 703.1)
(1010.8)
(1010.8)
(1102.5)
(1693.0)
(1693.0)

TYPE

Ist
1st
2nd
2nd
axia
axia
axia
axia

bend, pitch
bend, yaw
bend, pitch
bend, yaw
1, propel
1, propel
1, propel
1, propel

tors, propel
tors, propel
tors, propel
tors, propel
tors, propel

3rd
3rd
4th
4th
1st
5th
5th

bend, pitch
bend, yaw
bend, pitch
bend, yaw
long., case
bend, pitch
bend, yaw



3.4 SPACE SHUTTLE MODES AND MODAL DAMPING

Sixty free-free modes were calculated for the Space Shuttle half-model at each
;of the three trajectory times using NASTRAN; 30 symmetric modes and 30 anti-
symmetric modes. Antisymmetric modes were calculated first, and DMAP ALTER
statements were used to write the modal information on a user tape. DMAP ALTER
statements were also added to-the symmetric modes run which combined the anti-
symmetric modal data from the user tape with the symmetric modal data and wrote
the combined set of modes and the merged modal damping matrix (BHH) on the-
NASTRAN checkpoint/restart tape. The symmetric modes were written first,

then the antisymmetric modes.

The first 25 symmetric flexible modes and 25 antisymmetric flexible modes were
selected to be used by the postprocessor computer program to determine critical
resonances. The frequencies and generalized masses for these 50 modes for each
mass condition are Tisted in Tables 3-12 through 3-14. A complete set of struc~
tural dynamic characteristics for each mass condition including frequencies,
generalized mass, modal damping and mode shapes at selected points on the Space
Shuttle structure are listed in Section 2.0 of Volume II.

The equivalent modal viscoﬁs damping ratios for the 1iftoff condition shown in
Table 3-12 are calculated from the diagonal terms in the coupled modal damping
matrix (BHH}. The structural joints incorporated in the model result in modal
damping ratios in the range of .002 to .020 for the primary structural modes
while some of the higher frequency modes have damping ratios greater than 1.0.
The modes are local modes characterized by large amplitude motion in the joints
which contribute large amounts of damping.

The joint damping parameters were assumed to be constant for all trajectory %ime
points. Equivalent modal viscous damping ratios for the max q and SRB cutoff con-
ditions are tabulated in Tables 3-13 and 3-14, respectively. The damping in the
primary medes at max g are somewhat higher than at 1iftoff and are even higher
for SRB cutoff. This suggests that joint damping parameters do not remain constan
throughout flight and that they should be recalculated for each mass condition.
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Table 3-12:  SPACE SHUTTLE MODAL DATA, LIFTOFF‘

EQUIVALERT
MODE MUMBER__ FREQUENCY* GEMERALIZED MASS™™ DAMPING RATIO
& 1 D.1376G230F 02 0.31618E 06 .003
5 0.1752668%EF 02 0.53878E 06 .005
'3 0.18133037E 02 D.20164E 06 . .048
7 0.19370438E 02 0.23247E8 06 .003
8 0.22939240€ 02 0.19507E 05 .289
9 0.25795609EF 02 0.71901E 05 .170
10 0.28701675E 02 C.34791E 05 .306
11 0.28964275E 02 0.33672E 05 .007
12 0.3009635%9E 02 0.29977E 05 .098
13 0.31403139E 02 §0.32339 05 .012
14 0.32383567E 02 0.35672E G5 .967
15 0.327293855 02 0.17819E 056 .056
16 5 0.34836258E 02 0.33781E 06 .014
17 = 0.3657778%E ©2 0.13810F 04 .387
18 = 0.38610626E 02 0.10745E 05 .292
19 =" 0.35318533E 02 0.43755E 04 124
20 0.41914459E 02 0.10181EF 05 .349
21 0.48226747E 02 0.12909E 06 .267
22 B8.465329636F 02 0.76124E 06 4,316
23 8.514619755 02 0.13862E 06 .388
26 0.52124176E B2 0.48587E 05 001
25 0.52243576E 02 0.54716EF 05 .005
26 0.52839355E 02 0.89283E 05 .004
27 0.52912048E 02 0.93129E 04 4,154
28 __ ¥ 0.55303269E 02 8.39785E 05 3.082
36 A 0.11956779E 02 0.95077E 05 .017
35 0.12445990E 02 0.56738E 04 .002
36 0.16301208E 02 0.489463E 05 .160
37 0.173094185 02 0.48436E 06 .007
38 0.20951965E 02 0.62331E 05 671
39 0.23871975E 02 0.65545E 064 .935
40 0.27019847E 02 0.15617E 06 525
41 6.29155258E 02 0.71354E 04 .164
42 0.30047516E 02 0.36676E 06 .035
43 0.36799728E 02 0.51000E 04 .300
A 0.316353008 02 0.48226E 06 1.563
45 o 0.32753357E G2 0.12161E 05 .381
44 = 0.33122925E 02 3.19105E 05 .721
47 = 0.36515673E 02 0.10426E 05 .275
48 = §.378881338E 02 0.60696E 04 3.051
49 > B.38871368E 02 0.64075E 04 742
50 — 0.43667697E 02 0.75786E 05 234
51 = 0.45840668E 02 0.96341E 04 1.291
52 0.51102036E 02 0.32159E 05 2.064
53 06.521311808 @2 0.475%7E 05 .001
54 0.522270058 02 0.10977E 06 007
55 0.59475189% 02 0.15469E 054 .005
55 0.60764755%E 02 0.78698E 04 6.525
57 0.65136735E 02 0.23504E 05 .829
58 _ Y 0.67310837E 02 0.121832E 06 .358
* rad/sec ** kitograms
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10DE NUMBER

Table 3-13:

ey

A

-

SYMMETRIC

ANTISYMMETRIC

¥ KOO0 OCODDOCOCOO0OOOO0OO0O00OO0CDOO0O0O000O0OLDO0O0 0O

8.

- .

OO0 oOoOCoCcLoOoOOoOoOC O

[ o o Y v Y o [ o
¢ e+ e >

£

-

.

.

-

*

FREQUENCY*

15798579k

.19863353E

22897659¢E

«.26014236E
.251543538E
.28750290E
.29368500E
«29516068E

30276510E

.32516328E
+32923279E
.33142456E

36732986E

37009567k

39742020E
42457657E
44633228E
67920227E
48343109€
48527176E
49307709E
52916168E

.55542759¢E

5668%227E
5852323%E

»13293739%E

1551292380E

.18812180E
.20997523E.
.23715759E
. 25793839E
:28850006E
.29790405E
.30732376E
.31451477E
.32616564E
.33011047E
. 35698917E
.38564667E
. 389014 28E

44356186E

.G6534348E
.47931808E
.GB82436439E
.51123524E

56279%68E

.58737076E
.62650467E
.67074478E
.71453018¢E

rad/sec

g2
02
02
02
02
02
gz
g2
g2
02
02
a2
g2
62
0z
g2
(14
02
02
02
g2
g2
02
02
02
g2
82
02
gz
a2
02
gz
02

0z -

02
82
o2
02
02
0z
02
02
a2
(14
02
02
02
82
g2
02

COOo0OODOOOOQOOQOo0ocooc

0.16388E
0.260068E
0.10801E
.18544E
.10913E
.27003E
.196B2E
.2G37TE

)

.13386E
.33558E
.25770E
.36005E
.13292E
.27215E
41007E
L66609E
.59381E
.66023E
.10363E
.7T3052E
.BGT754E
.53302E
.10033E
.20368E
L62323E
.39855E
.27648E
.11191E
.28859E
.55375E
L3T773LE
0.35870¢&
0.18735%E
0.36952E
.71497E
.71085E
.55165E
.38636E
LGB699E
.11183E
.14940E
.57895E
.13857E
.G65802E
.27750E
.18500E
.80243E
0.18895E
0.28199E

COOo0OoO0O0LOOoOOoC OO0 OO oo oc OO

Qoo

.34978E.

SPACE SHUTTLE MODAL DATA, MAX Q

GENERALIZED MASS™ par

a6
06
gs
a5
g6
]
05
08
05
g6
05
05
06
04
04
05
05
05
05
G4
04
0%
05
06
]
85
06
05
06
g5
g4
05
06
05
04
04
65
04
04
04
06
g5
05
15
65
05
06
a4
05
05

**  kilograms

EQUIVALENT
iPING RATIO
.014

.063
. .020
371
.055
.186
.232
.025
.052
.048
241
.698
.002
.377
424
.369
116
.001
.001
. 0017
4.480
4.540
1.870
1.410
.108
.029
011
.414
.051
1.420
1.240
.052
.038
> .203
.085
2.730
.300
.567
1.250
2.430
.329
1.140
.002
.024
1.230
2.110
.004
8.840
7.170
3.390



Table 3-14: SPACE SHUTTLE MODAL DATA, SRB CUTOFF

EQUIVALENT
MODE NUMBER FREQUENCY* GENERALIZED MASS™ DAMPING RATIO
& T kI 0.20559047E 02 0.25567E 05 .190
5 D.26607239E 02 0.39173E 05 .258
3 0D.27987335E 02 0.27441E€ 05 .154
7 0.28358627E 02 6.27970E 05 .242
8 0.30375334E 02 0.50671E 05 17
9 0.31237579E ©2 0.13397E 06 .003
10 0.32712769E G2 0.63435E 05 T .955
11 . 0.33140091E 02 0.19225E 07 .022
12 0.35107529E 02 0.50326E 04 .153
13 0.35248657E D2 0.32385E 06 .001
14 0.37567795E 02 0.170C05E 04 .263
15 0.40280258E 02 0.32143E 04 .385
1% ! 80.44707397E 02 0.32038E 05 .463
17 = 0.46505005E 02 0.46722E @5 2102
18 £ 0.4932834%E 02 0.74425E 04 4,440
19 > 0.52415176E 02 0.12404E 05 3.480
20 0.547%3798E 02 0.20719E 05 2.300
21 0.56951309E 02 0.11173E 06 .823
22 8.57882385E 02 0.70118E 05 1.305
23 0.66516739E 02 0.14556E Q6 .481
24 0.65359177E 02 0.3623SE 05 2.070
25 0.71718246E 02 B.75559E 04 1.430
26 0.73347260E Q2 0.45761E 04 1.710
27 0.76281036E 02 0.20253E @5 .622
28 ¥ 0.7688%214% Q2 0.46221E 05 .080
36 A 0.15647510E 02 0.23900E 05 118
35 8.22611206E B2 0.24493E 05 1.309
36 0.25484436E 02 0.9%066E 06 -.310
37 0.26599609E 02 8.11383E 05 1.070
38 6.29311096E 02 0.264523E 05 .058
39 0.30888367E 02 0.31855E 05 .031
40 0.318211%8EF 02 0.33824F 0% .099
41 0.33145477E 02 0.10697E 05 1.100
62 0.33345005E 02 0.39287E 0S5 .503
43 0.33950378E 02 0.61392E 04 .695
44 0.38024887E 02 0.46639E 04 3.860
45 2 D.403583837E 02 0.35964E 04 .988
46 o 0.43295227E 02 0.13758E 06 .390
&7 o 0.49701279E 02 0.1502%9E 05 1.527
48 = 0.50916428E Q2 0.48697E 05 - 1.698
49 v 0.55457457E 02 0.10987E 056 .367
50 = 0.62247055E 02 0.82898E 04 6.500
51 << 0.65659256E 02 0.22044E 05 8.720
52 8.66961060E Q2 0.14647E 06 .759
53 0.71676025E 02 0.25396E 05 g.420
54 0.75262177E 02 0.28321E 04 4.390
55 0.8169%339%E 02 0.446440E 04 1.605
56 0.83266098E Q2 0.14946E 05 1.826
57 0.85406967E 02 0.12034E G5 6.950
58 __ 1 0.36414337E 02 0.92264E 06 4.030
* rad/sec. %  kilograms
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4.0 CRITICAL RESONANCES FROM CONVENTIONAL MODEL (LIFTOFF) 2

Critical resonances for the Space Shuttlé at Tiftoff were obtained using
uniform modal damping and conventional modal selection techniques. The
conventional model was obtained by removing the distributed structural joint
damping from the realistic model. A umiform modal viscous damping ratio, ¢ =.010,
was used to reprasent structural damping in all the modes. Modal resonances
were ranked according to rate or position coefficients calculated using post-
processor Option 1. The coefficients represent the steady-state dynamic
amplification at resonance which occurs at a point on the structure due to a
sinusoidal force input at another point. Rate or position coefficients for the
jth requested mode are calculated for the selected freedoms as in the following
examples:

3 - bomia
R(140323, 7014), = —120323,] "7014,] (85)

P(140322, T10264); - "140922,1 1110264, (86)
CZEj) Wy M*j ‘

where R and P denote rate and position coefficients, respectively, Gridpoint
- freedoms for the input point and response point are‘specified in parentheses.
The Tast digit of each I.D. is the input or output freedom specified at the
gridpoint indicated by the preceding digits. For exampie, P(140322, 110264).
js the position coefficient calculated for the jth mode at gridpoint 11026 ig
the freedom 4 (ex) direction due to a unit sinusoidal force at gridpoint 14032
in the freedom 2 {(y) direction.

At the resonance condition, the modal displacement response always lags the
input generalized force by 90 degrees and the modal velociiy response is always
in phase with the input generalized force. If the mode shapes at the response
point and the input force point have the same sign, then the physical displace-
ment response lags the input force and the physical velocity response is in
phase with the input force. The positive or negative sign on the coefficients
shows whether the physical response is in phase or out of phase with the modal
response, respectively. The positive sign on the coefficients indicates, of
course, that the mode shapes at the response point and the input force point
have the same sign.
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The excitation and response degrees of freedam chosen for this study are

shown in Table 4-1. One outboard SSME gimbal and one SRB gimbal were chosen

as the excitation points (three degrees-of-freedom each). The response points
were chosen to demonstrate the application of critical resonance selection

uéing admittance techniques for three technical disciplines; guidance and
control,.P0G0, and dynamic lToads. Position gyro, rate gyro and accelerometer
responses are calculated for use in attitude control studies, LOX tank aft

dome acceleration admittances- for POGO investigations are calculated, and payload
attachment acceleration admittances are calculated to demonstrate the use of

the method for dynamic loads calculations.

The fankfng of rate and position coefficients for the selected excitation/
response points are shown in Tables 4-2 and 4-3, respectively. The zero coeffi-
cients shown in some of the rankings indicate that the mode shape of either

the excitation freedom or response freedom is zero for that mode. For example,
if the excitation point is on the plane of symmetry (e.g., gridpoint 14032),

the symmetric modes (modes 4 through28)will not be excited for a force in the
y-direction because the centerline gridpoints are constrained in the y-direction
for symmetric modes. Therefore, only antisymmetric modes (modes 34-58) will

be excited by this force. Likewise, coefficients for response points on the
plane of symmetry (e.g., gridpoint 9005) are zero for either symmetric or anti-
symmetric modes.

Acceleration coefficients are determined by multiplying the position coef-
ficients by o2
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TABLE 4-1: SPACE

LOCATION

Excitation Points
SRM Gimbat* (+y)
SSME (+y) gimbal**

Response Point (displacement)
IMU**

Response Points (velocity)
SRM forward rate gyro*
SRM aft rate gyro*
Orbiter rate gyro**

Response-Points‘(acce1eration)
Crew comp. inst. unit**
LOX tank aft dome ***
Payload keel support *=*

* SRM coordinate system (in.)

SHUTTLE RESPONSE AND EXCITATION LOCATIONS

1823.8
1450.

414.0

483.25
11511.0
1312.5

380.6
862.1
1047.

**  Qrbiter coordinate system (in.)

*%% ET coordinate system (in.)

N zZ GRIDPOINT DIRECTIONS
0. 0. 5i3 Xa¥.2Z
53.0 334.0 14039 X,¥sZ
0. 419.0 9005 Rx’Ry’Rz
-30.5 52.8 901 Rx,Ry,’Rz
0. 73.0 802 Rx’Ry’Rz
5.8 407.3 8004 Rx’Ry’Rz
10.0 406.5 9001 XY 2
21.7 0. 52 X
0. 307.0 12076 ¥
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RATE COEFFIGCIENTS.

FREQUENCY

D.13764E
D.17525E
0.18133E
0.19270E
0.22939LC
0.25796E
0.28702E
0.25944C
0.30094E
0.3L1603E
0.32334E
0.3272%E
0.34G836E
0.36L78E
C.38611E
0.38819E
D.41914C
0.48225€E
0.49330CE
0.51462E
0.52124E
0.52244E
0.E283%E
0.52912E
0.55803E
0.11957E
0.12446E
N, 1AR01F
0.1730%€
C.20952E
0.23872€E
0,27020E
0,29155E
0.30048E
0.30800E
0.31635E
0.32753E
0.33123E
0.36920E
0.37888E
0,33871E
0.43468E
0.45041E
0.51102E
0.5213}E
0.52227€
0.5%475E
0.60748E
0.65135E
0.67311E

oz
02
1 4
02
02
02
02
02
02
02
a2
02
02
0z
02
02
0z
0z
02
02
o2
02
02
0z
02
02
02
nz
02
oz
02
a2
02
02
02
a2
02
02
02
g2
a2
g2
02
02
b2
2
02
02
02
02

HODE HWO.

Table 4-2:

RESPONSE FRDH =

COEFFICIENT
=~0.24174E-07
~0.15796E-07

0.72667E-07
-0.19169E~-08
-0.,65894E-07

0.21146€-07
0.142846E-08
0.52910E-08
-0.10401E~D8
0.27622E-09
0.22211€-07
0.13854E-08
-0.124600E-08
-0.57213E-08
-0.314970E~-07
0.10417E~07
0.12213E-07
~0.12111E-08
=0.34072E~-10
0.114%0E-08
-0.45962E~12
~0.26646E~10
-0.50853E-11
~0.46347E-09
~0.97199E-10
=0.%26093E~-0%
0,228491E-08
-0.43307C-07
0.66416E~07
0.18881E-07
~B.63954E~-07
0.40000E-07
~0.11101E~-07
~0.65835E-09
0,71583E-08
0.59469E-03
0,23014E~09
-0.10975E=-07
~0,17046E~07
0,16720E-07
-0.,31508E-08
0.11887E-048
0,22192E-08
0,15346%E-08
0,32374E=-11
~0.74939E-12

D.19550E~10
“0.,40134E-09
-0.99571E~10
-0.14542E~-08

9014
RANK
a

14

1
26

2
10
29
22
35
ac

g
3o
3
21

7
18
15
12
45
34
50
44
47
35
43
36
2¢

5

2
11

I3

6
1¢
37
19
20
41
17
12
13
23
33
25
27
48
49
46
39
4z
28

RATE COEFFICIENTS FOR CONVENTIONAL MODEL

INPUT FRDM =

5131

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525C
0.13133E
0.19370E
0.22939E
0.25794E
0.28702E
0.28944E
0.30096E
0.31¢03€
0.32384L
0.32729E
0.34836E
0.36578E
0.38611E
0.38819€
0.41914E
0.48225E
D.49330F
U.51462E
0.52124E
0.52264E
0.52839E
0,52912€
0.55803E
0.11957€
0,12446E
0.16801E
0.17309E
0.20952E
0.23872E
0.27020E
0.29155E
©0.30048E
.30800E
0.31435€E
0.327538
D.33123E
B.34920E
0.376B5E
0.38B71E
0.43468E
0.45841E
0.51102E
0.52131E
0.52227E
0.59475E
0.60748€
0.65135E
0.67311E

02
g2
oz
092
02
02
02
o2
02
0z
0z
02
02
oR
0z
o2
02
b2
02
0z
02
0z
02
oz
02
0z
g2
g2
b2
02
02
a2
02
02
¢2
oz
02
02
02
0z
o2
o2
02
o2
02
o2
g2
a2
0z
o2

MODE HO.
1
5
6
7
8

9
10
11
12
13
14
15
14
17
18
19
20
21
22
23

- 24
25
26
27
28
34
35
14
37
ia
39
40
41
42
43
44
45
46
a7
48
69
50
51
52
53
54
55
56
57
58

RESPONSE FRDH =

COEFFICIENT
0,51351E-09
0.82126E-1D
~0.17142E-08
0.33006E-10
-0.19824E~-07
0.15329E-07
-0,645245C-10
0.25162E-08
~0.36190E~09
0.920895E~10
0.67389E-08
D.7264%E-09
-0.26155E-09
-0.18290E-C&
-0.74082E~08
0.11403E-07
-0,48860E-08
~0.61437E~09
-6.17341E-10
0.40217E-09
~0,74653E=12
-D.57974E-10
-0, 31594E~11
~0.2036%E-09
-0.34677E-10
0.34364€-08
-D.425556-08
0,59745E-08
~0.13144E8-07
0.16B53E-07
-0.17914E-07
0.11655E-07
-0.30352€-08
-0.20843E-10
0,17423E-08
0.15191E-08
0.66971E-10
-0.33285E~08
-0,55764E-08
0.50562E-08
~0,50095E-09
-0,29637E~09
0.16353E-08
D,15776E~08
0.29936E-11
D.64946E~11
0.33190E-10
-0.1689%75-08
-0.20911E-058
0,27156E~08

9015

RANK
29
38
23
41

1

4
41
19
33
37

9
28
35
21

8

7
13
3]
4t
32
50
40
48
36
42
15
14
10

5

3

2

[
17
45
22
27
39
16
11
12

30 .

34
25
26
49
47
43
24
20
18

INPUT FRDNM =

T 5131
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RATE CQEFFICIENTS.

FREQUENCY
0.13744E 02

0.17525E 02.

0.18133E 0z
0.19370E 02
0.22039E g2
0.25796E 02
0.28702E 02
0.2B%44E 02
0.36096E 02
0.31603C 02
0.32354C 02
0.32729E B2
0.34036E D2
0.36578E 42
0.38611E 02
0.38B19E 02
0.41914E 02
0.482256 02
0.49330E 02
0.514628 0z

L0.52124E 02

D.52244E 02
0.5233%E 02
6.52%917E 2
0,55805E €2
D.11957E 02
0.12456E 02
D.16&01E 02
0.17309E 02
0.20952E 2
0.228726.02
0.27020E 02
G.292155€ 4z
0.30048E 02
0.30800E 02
0.31635F 02
0.32753E 02
0.33123€ 02
G.34920C 02
0.37838E D2
0.38371€ @2
U.a3468E 02
0.45841E 02
D.51102E 02
0.52131E 02
0.52227E 02
0.59475E8 g2
0. 60748E 0z
0.65138E 02
0.67311E 02

MODE HNO.

RESPONSE FRDM =

COEFFICIENT
~0.20589E-09
~0,35886E-07
~0.40149E-08
~0.79132€-09

0.134536-09
~0.59378E-09
~0.10453E=-09
~0.59551E-09
~0.32152E=-09

0.99123E~09
~0.40352E-08
-0.30832E-09
-0,10076E-08
~0.60581E-09
-8,40672E~07
-0.60283C-03
~0.41174E-08
~D.55752E~10

0.44190E-12
0,12297E-08

0.847106-13
~0.251058-09
“0.40717E~-}1

0.70595E-10

D.43689E-11
~0,16932E-09

0.792256-08

0,85646E=09
~0.58609E-07
~0,56027E-03
~0.25541E=07
~0.59628E~-07
~0,51649E-08
~0.19935E=10

t.51632E-10
~0,37248E-09
0.47859E-1¢
0.18733E-08
0.11671E-07

B.69354E-08
~0.92069E-09

0.15324E-09

0.11942E~06

G.443746-10
“0.04467E-11
~0.%5671E~12
~0,13027E-09

0.17475C-08

0.51410E-89
0.20336E~D7

9016

RANK

31

4
15
249
k14
26
38
27
30
21
14
31
20
25

3

9
13
40
49
18
50
32
47
3%
46
35

8
22

2
10

5

i
11
44
43
29
41
16

T
12
23
34
19
42
45
48
37
17
28

6

INPUT FRDY o

5131

RATE COEFFICIENTS.

FREQUENCY
0.13764E 02
0.17525E 02
0.18133E 02
0.1%9370E D2
0.22939E€ 02
0.25796E 02
0.25702E 02
0.28944%E 02
0.30096E QN2
0.31603E 02
0.32384E 02
0.32729€ 62
0.348356E D2
0.346578E 02
0.38611E 02
0.35819E 02
0.41914E 02
0.482250 02
0.49330E 02
0.51462E 02
D.52124E D2
0.52264E D2
0.52B39E D2
0.52912E 02
0.55803€ 02
0.11957E 02
8.124450 02
G0.16801E g2
0.173D9%E @2
0.209528 02
0.238728 02
D.27020F o2
0.291585E o2
0.30048E 02
0.30300E 02
0.316358 D2
0.32753E 02
D.33123E 02
0.369208 D2
0.37B88E 02
0.38371E 02
D.43466E D2
0.45841E 02
0.51t02E o2
9.52131EF p2
0.52227E 02
0.59475E 02
0.40748E 02
0.§51358 02
0.67311E 02

HODE NO.

RESPONSE FRDM =

+ COEFFICYERT

0.12475E-08
0.245008=-07
0.39027E~D4
~0.47924E-06
D.16076E~07
~0.35910E~07
D.260754E~08
0.10907E-07
6.78343E-08
0.18193E-08
=0.13115E~-07
=0.10471E~08
D.16444E-08
0.26339E-07
0.22117E-07
~0.70626E-09
-0.123:85-08
G.70446E~08
~0.14562E-09
0.17940E-07
~0.91270E-11
b.12558E=-09
~0.30615E-11
~0.79146E-08
~0.19739C-08
~0.85381E-09
0,959540-08
~0.86143E~-07
0.40272E-08
~0.,83914E~08
=0.12757E-06
0.12317E-D6
~0,55933E-07
=0.791L0E~08
-0.,13163E=-07
-0.5533105-07
0.66957E-09
0.10040E~C6
0.48476E-07
=0.40G70E-07
~0.56082E-08
0.23865E-07
0.26497E-07
0.29070E~-08
-=0.11068E-10
0.16823E-11
~0.119356-0%
-0.61526E~-08
-0.52065E~09

-0.93532E-08

9014

RANK
37
13

2

1
18
11
33
21
27
15
20
39
36
14
16
41
38
28
46
17
4B
45
49
25
34
40
22

6
31
24

4

3

+
26
19

8
42

5

9
1D
30
15
12
32
a7
50
4¢
29
43
23

INPUT FRDM =

5132


http:0.23872E.02

gLl

RATE CODEFFICIENTS.

FREQUENCY

0. 13764
0.17525€
0.18133€
0.19370¢
0.22939E
€.25796E
0.28702E
0.28964E
1.30096E

. 11603E
0.32384E
0.32729E
G.34834E
0.36578€
0.38411E
0.38E19€
¢, 41914E
0.4B225E
C.59330E
0.5L462E
0.52124E
0.52244L
0.52039E
D.52912€
0,55803F
0.11957€
0. 1244 6E
0.14801E
0,173035€E
0.20552€
C.23872E
0.270208
0.22155E
0.30048E
0.30800E
0.11635E
0.32753E
0.33123E
0.36920E
0.37888E
0.38871E
0.43468E
0.45841E
0.5L1B2E
0,52131E
0.52227E
0.59475E
0.60748E
0.65135€
0,67311E

1]
a2
[LF3
02
02
LY
02
02
02
0z
02
0z
0z
02
a2
[tF3
02
62
ez
az
02
02
02
02
oz
0z
02
az
o2
oz
o2
6z
o2
02
02
02
02
0z
0z
a2
02
02
D2
0z
0z
g2
02
02
02
02

RESPONSE FRDM =

MODE NO. COEFFICIENT
4 ~D.24500E~10
5 ~0.12894E-09
[4 -0.92171E-08
7 0.82516E-08
8 0.48364E-08
% =0.26030E-07
10 ~0,82705E-10
Il 0.51871E-08
12 0.27Z260E-08
13 0,61186E-09
14 -0.3979CE-P8
15 ~0.54%10E-D2
1é 0.2990RE-D9
17 0.77804E~08
15 0.52145E-08
19 =0.77314E-09
20 G.49479E-0%
21 0.24]102E-08
iz =0.74]133E-10
23 0.62794C-08
26 -0.14824E~10
25 0.75334E~10
246 ~=0.153%5E=-11
27 -0.34784E~D8
28 ~0.70423E-07
34 0.30532E-00
is -0.17677E-07
16 §.10655E-07
37 -0.79701E-0%
30 =0.74922E~08
39 =0,35732E-D7
40 D.37355E~D7
41 -0.15292E-07
62 -0.250569E-09
43 ~0.32039E-08
L1 ~0G.14085E-07
45 0,.19485E-07
46 0.30451E=-D7
a7 0.15859E-07
48 -0.12117E~07
49 ~0.59164E-09
50 =0.59502E-08
51 0,19532E-07
52 D.29261E-D8
53 -0.10235E-10
54 ~0.14560E=-20
55 ~0.20242E-09
56 ~0.25904E-07
57 -0.10934E-07
58 0.17467E-07

7015

RANK

44
42
15
14
23

4
43
22
29
i5
24
36
38
17
21
33
a7
10
45
19
47
44
50
25
34
27

7
16
3z
13

2

1
10
19
26
11
41

3

9
12
31
20

6
z8
49
48
40

5
13

1

INFUT FRDH =

5132

RATE GOEFFICIENTS.

FREQUENCY

B.13764E
0.17525E
0.1B8133E
0.19370E
0.22932€E
0.25796E
0.28702E
0.28944E
0.30096E
0.3)603E
0.32384E
0.32729F
0.34B834E
0.36578BE
0.38611E
0.38619E
0.41914E
0.48225C
0.49330E
D.51462E
0.52124E
0.52244E
0.5283%E
0.32%12E
0.55803E
0.11957E
0.12446E
D.16801E
D.1730%E
0,209752k
D.23872E
0.27020E
b.29155E
0,30048E
0.30800E
0.31635E
0.32753E
0.33123E
0.34920E
0.37888E
D.33371E
0.4346BE
0.45241C
0.51102E
0.52131E
D.52227E
0.59475E
0.46074BE
0.465135F
0.67311C

02
D2
0z
02
02
o2
02
02
o2
a2
oz
02
0z
02
02
02
02
02
02
o2
02
[t
0z
02
02
o2
n2
D2
02
0z
o2
a2
02
o2
0z
)4
02
02
02
n2
nz
02
oz
02
02
02
o2
02
0z
o2

RESPONSE FRDH =
MODE NO. COEFFICIENT
4 0.10625C-10
5 0.579136~07
6 ~0.21563E-07
7 -0.,19783C-086
8 -0.32813E-10
9 0.10168E~08
10 ~0.19117£-D9
11 -0.12276E-08
12 0.24218E-08
13 0.65286E~08
14 0.23849E-03
15 0,23341E-09
14 0.118516-08
17 0.25771E-08
18 0.2B564E-07
19 0.40571E-09
20 0.41695E-D9
21 0.324286=09
22 0,18886E-11
23 0.192095—07
24 ¢.16321E~11
25 0.32622E-09
26 ~0,205858~11
27 0.12055£-03
28 0,568724E-10
34 =-0.13267E-09
35 0.33231E-07
36 0,16699E~D8
37 -0.35538E-08
38 0.24701E-08
39 ~0.509465-07
40 -0.15109E-04
41 -0.26022E=07
42 ~0.23955E-09
43 ~0.76556E-10
48 0.34539E-08
45 0.13924E-09
46 —D.17142E-07
47 ~0.33192E~07
48 ~0.11828E-07
49 ~0.163832-08
50 0.307655-08
51 0,192606-07
52 0.83538E-10
53 0.28877E-10
54 0.10252E~11
55 0.79527E~09
56 0.26790E-07
57 0.26882E~08
58 6.13080E-06

901é

RANK
46
4
11
1
44
3p
3a
27
23
16
24
37
29
21
8
32
32
35
48
12
49
34
47
2a
41
40
6
25
17
2
5
2
1D
36
43
18
39
13
7
15
24
19
14
42
G5
50
31
.9
20
3

INPUT FRDM =

5132



FLl

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
0.18133E
0.19370E
0.2293%E
Q.257%6E
0.23702¢€
0.28904E
0.30094E
0.31603E
0.32384E
0.32729E
B.34836E
0.36578E
0.33611E
0.338819E
0.61914€
0.48225E
0.49330E
0.51462E
0.52124€
0.52244E
0.5233%E
0.52912€E
0.55803E
0.11%57E
D,12446E
0.16B01E
0.17309E
0.20952E
0,23E72E
0,27020€
0.29155E
0.30048E
0.3080DE
0.31635E
B.32753E
«0,33123E
0.36920E
0,37688B4¢E
0,38871E
0.41468E
0.45841E
D.51102E
0.52131E
D.52227E
0,.59475¢
0,60743E
D.65135E
0,67311€

02
62
0z
02
0z
02
il
02
oz
02
02
02
o2
02
a2
2
o2
n2
02
0z
02
nz
oz
02
nz
02
02
02
02
0z
o2
o
02
1
02
02
oz
1]
0z
0z
(1}
02
02
02
02
02
LI
D2
oz
B2

MODE NO.

RESPONSE FROW =

COEFFICIENT
~0.81%37E-06
0.16782E-07
0.,22422E~06
~0.96611E-09
D.425000-06
0.249%25E-06
~0.163355-03
0.20595£~08
-0.12151E~10
0.75533E-10
~0.19975E-08
0,6767LE-09
=0.26285E-09
=0.173745E-07
-0.75513E-08
0.74137E-08
~0.44)123E~-07
-~0.10459E~-D6
-0.14693E-08
-0.4E8970C~09
=0, 26757E-10
-0.74604E~10
-0.11248E~10
~0.45982E~08
-0.51964E-08
0.52790E-07
0.11729E-08
~0.43667E-06
~0,13727E-07
0.22966E-06
0.136B7E~06
-0.284¥0E=-03
~0.T7B659E-08
~0.85894E-08
=-0.11861E-C8
0.41228E-07
-0.k5751E-D8
0.54056E~08
—0,.35464E-0B
-0.32997E~07
-0,31340E-08
~0.1145%E-06
-0,20024E-08
-0,.4233BE~07
=0,.54400GE-11
0.81537E-10
~0.44038E-10
-0,52757E~08
-0.16961E-08
0,10093E-08

B014
RAKK
1
16
6
39
3

4
33
e
45
44
31
40
LT
15
20
21
11

9
35
%1
47
45
4%
25
24
10
37

2
17

5

7
28
19
18
36
13
34
22
26
14
27

3
30
12
50
43
hé
23
32
3a

IHPUT FRDH =

5133

RATE COEFFICIENTS.

EREQUENCY

0,13764E
0.17523E
0,10133E
0.19370¢
D,22939C
0,25794E
0.28702E
D.28%44L
0.3009¢E
0.31603E
0,323G64E
0.32729E
0.34834E
0.36578BE
0.33611E
0.38819E
D.41914E
N.4B225E
0.,49330E
0.51462€E
0.52124E
0.52244E
0.5283%E
0,52912€E
0.55803E8
0.11957E
0.12440E
0.16501E
0,173D9E
0.20952E
0.22872€E
0.27020E
0.29155E
0.3004BE
0.30800€
D.31635E
0.32753F
0.33123E
0,36920E
0.37806E
b,3I8BY1E
D,43468E
0.45841E
6.51102E
0.52131E
0.522237E
0.5%475E
0.60746E
0.65135C
0.67311E

0z
02
0z
o2
0z
02
62
0z
a2
02
g2
02
02
02
a2
[t}
oz
oz
02
0z
02
(14
oz
02
oz
02

oz

0z
0z
oz
02
02
02
02
114
a2z
o2
I3
02
a2
o2
02
a2
02
b2
02
[1F]
o2
[
0z

HOBE HNO.

48

RESPONSE FRDN =

COEFFICIENT
0.17405E-07
-0.,87254E~10
-0,52955E-08
0,166356=10
0,12906E-06
0.18119%9E-0¢
0.51966E-10
0,979455-09
~0.42281E-11
B,25456E=10
=0.40605E-09
0.354837E=0%
~0.54014E=10
-.555450E-08
-0,17872E-05
0.01158E~0D8
0,17651E=07
-0.25782E-07
~0.74806C=-09
-0,)1714CE=-09
-0.4345DE-10
-0,646752E=10
-0.58501E-11
~0,2020%E~08
-0.18539£~08
=-0.19235E-0¢
~0,71841E-08
0.54010E-07
0.27143L-08
0.20595C-06
0.383396-07
-0,£275%0E~D9
-0.21504E-08
-0,27219E-09
~0.28BY0E=-0Y
0.10499E=07

+ =0.45637E-09

0,16396E~D8
=-0,11602C-08
-0,982Y4E-08
~0.49842E-0%

0,26571E-07
~0.14762E-08
=0,43460E-07
=0,50309E~11
-0.706464E-09
~0.74743E~10
-0.22212e-07
-0.365619E~07
=0.18849E~08

9015

RANK
13
40
18
87

4

3
43
29
50
46
33
3¢
42
17
25
14
12

8
31
39
45
44
48
22
24

2
20

5
19

1

7
30
2]
3a
37
14
35
24
25
15
3g
10
27

6
49
32
41
11

?
3

INPUT FRDH =

5133



SLL

RATE COEFFICIENTS.

FREQUENCY

0.13764E
6.175288
¢.18133E
§.17370E
6,22939E
0.35736E
t.28702¢€
0,289948
0.30096E
0.31503E
0.3235084E
0.32729E
0.34836E
0.36578€E
0.38611E
D,38819%€
0.61914E
0.480225E
0.493320EF
0,51462E
B.52124E
0.52244E
0.5283%E
0.52912E
0.55803¢E
D.11%57E
0.124456LC
0,16801E
C.17309E
0.20952E
0.23872E
0.27020E
0.29155E
C.30048E
0.30800E
C.3FA3Z5E
0.32753E
0,33123E
0.36%920LC
0.37833E
0.32871E
0,43458%
0.45541%
0.51102E
0.52131E
0.52227E
0.59475E
0.6075CE
0.65135¢€
0.67311E

02
o2
2
nz
t2
133
02
0z
0z
0z
02
0z
0z
0z
12
0z
02
02
a2
02
[0
02
02
o2
02
0z
o2
02
02
02
02
02
02
o2
o2
02
02
62
o0z
02
02
o2
02
02
02
02
02
o2
02
nz

HOBE HG,

L =B T R

10
11
12
13
14
15
16
17
la
19
20
2l
22
23
24
25
26
27
28
34
is
36
37
38
3®
40
41
42
43
44
45
46
47
48
49
58
51
52
53
54
55
56
57
58

RESPONSE FROM =

COEFFIGCIENT
-0.69737E-08
0.39189€-07
~0,12389E6-07
-0.39882E-09
-0.B7563E-09
-0.70774E-08
0.I20126-09
=-0.,23180E=D?
=0,37563E~11
B.27161E-0%
D.36326C-09
-0, 150850~09
=0.21530E=-09
-0.108397E~-08
~{.%7592E-08
~0.42903E-08
0.14375E-07
-0.48143E-08
0.19063E~10
=0.52409E-09%
0.49315E-11
~0.1%379E~02
~0.75763E-11
D.70039E-09
0,23357E-D9
0.B3551E~08
0.406(3E6-03
0.84652E-08
0.121)4E-D7
~0.65151E-07
0.54643E-07
0.42351E-08
-0.36596E-08
=0.26009E-C9
-0.465984E-11
-0.25745E-08

c~0.32756E-09%

=-0.92296E~09
0.24z83E~08
-0.95926E-08
-0.91603E-09
=0.14772C-07
~0,1¢777E~0
-0.12225E-08
0.14195E-10
0.45692E-10
0.29345E~09
0.229271E-07
0.87571E=-08
~0.14115E-07

9016

RANK

16

L)

8
k¥
29
15
43
39
50
kT
33
42
40
24
14
18

5
17
&5
31
49
G4
47
30
38
14
20
13

?

1

2
19
21
37
48
22
34
27
23
11
28

&
26
25
46
44
35

4
12

7

INPUT FRDM =

5133

RATE COEFFICIENTS,

0
0
0
0
0
0
1]

9.

0
1]
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1]
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

FREQUENCY

L13764E
175258
J1B133E
1 9ITOE
+22939E
L2573 6E
.2BTO2E
ABVGAE
+30074GE
.31403E
+32384E
«32729E
CIGHIGE
+36578E
+33611E
+3B8819E
LAEP14E
JHBR2SE
LA9330E
.51462E
+52124E
LHBR2LG4E
528398
529128
<55303E
f1IPLTE
L12640E
.16301E
+17309E
ROU52E
238728
27020
.29155E
J30NGEE
305008
+31636E
.32753E
V331238
BE920F
.37888E
L3B871E
L G3468E8
+AS8H1E
-511028
«B2131E
.52227E
59475E
+GOTHSE
J65135E
LBPILNE

o2
n2
114
02
02
02
02
02
02
o2
02
o2
0z
02
b2
o2
02
o2
[t
D2
114
nz
g2
0z
02
oz

02.

02
02
02
62
02
02
0z
o2
o2
oz
Bz
0z
o2
o2
02
oz
02
02
o2
oz
az
02
02

MODE KQ.

o
(=Rt N - SN T Y

11
12

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
30
35
34
37
38
39
Ge
41
a2
63
G4
a5
aé
a7
3]
49
50
51
52
53
54
55
56
57
58

RESPONSE FRDH =

COEFFICIENT
=0.19498E~07
-0.15805C-07

B.6724)1E-D7
=0,17486E-03
—0.4694650E-07

0,2)509€~07

0.15220E~08
0.4D525E~08
~0.83027E~0?
0.77875E~10

0.151145-07

0.34829E-09
=0,87395E~09
~0,15331E~-08
~0,20359E-07

~0,37591E-08 -

26278E-07
~0,23057E-08
=-0.73391€-10
-0.432996-09
-0.16786E-11
-0.62750E-10
=0.19725E~11
=4.42991L~10
0.24135€-10
~0G.45363E~08
0.66063E-D8
~0.424T73E-07
0.51256E-07
0.30119&-07
-0.66956E=-07
6. 37714E-QT
-0.96293E-08
~0,5982%E-09
0.58580E-08
0.43499E~08
0.17130E-09
-0.78467E-08
~0.11161E-07
0.11273E~-07
-t.256203C-08
0.25584E-08
~0.18227E~08
0.24190CL=-08
G.25636E-E)
0.14747E-10
#.26816E~11
=0.47164E-09
0.61975E~09
0. 406850-09

9024

RANK

11
13
"2
30
1
9
31
22
34
41
12
33
3z
24
19
23
8
28
42
39
50
43
4%
G4
45
20
18
5
&
7
3
6
16
36
19
21
40
17
15
14
25
26
29
27
48
46
47
37
35
38

INPUT FRDM =

5131



git

RATE COEFFICIENTS,

FREQUENCY

B.137C4E
©.17523%
0.26133F
0.19370F
0.22939%
D.25794E
p.28702¢
D.2B9640E
£.30696E
0,.31603E
D.32384€
0.32729€
0.34836E
0.365748E
0.38411E
0.38819€
0.42914E
U.48225E
C.49330E
0.514¢62E
0.52124E
0.52240E
0.52839E
0.52%12€
0.558D3E
G.11957E
. 124968
N.16801E
0.17309€
0.2C9526
D.23872€
0.27020€
0.29155¢€
D.30Q4GEE
0,3B800E
D.31435E
0.32753€
0.33123€
0,36%20E
0.37868E
0.38871E
0. 434688
0.458G1E
80.51102E
0.52131E
0.52227E
0,59675€
0.4074BE
0.65135E
0.67311E

02
o2
o2
1
02
o2
nz
92
02
a2
22
02
02
02
02
02
o2
a2
az
a2
gz

HODE NO.

'3
5
&
7
8
]

RESPONSE FROM =

COEFFICIENT
-0, 9056 56-08
0.273¢0E~08
-0.22602E~0%
~0.42491E~10
0.2640€3E~07
-0.122358~07
0.825526-09
“0 .21 1E3E~Q8
6.13752E-09
-0.13331E~09
~0.23697E~43
~0.33497E~09
-0.45779E~11
G, 25207E~09
-0.11672E~08
-06.70789E~08
0.92132E~08
~0,. TSU7LE~09
-8.24516E-10
-0 15515E~09
-0.65343E~12
-0, 24405E=10
-0.832726E~12
“9.23541E=10
B.27456E~11
0.72126E~08
~0.9206TE~DE
-5.11070€~07
0.20253C~07
-0.269696~07
0.15710E~07
~0.420326~08
0.83495E~09
-0.16951E~10
~0.63704E~09
~0.11074€~08
-0.236998~10
0.15257E-08
0.26867E~04
0.23693E~07
-0.35B43E~0F
0.79592E~99
-0.80737E~09
8.99164E-09
0.12375E-11
0.67955E-11
D.7027TE-11
~0.55974E~09
-0.56578E~0%
0.92444E~09

7028

RAHK

7
13
34
338

3

5
22
15
34
37
14
30
&
3z
17

INPUT FRDH =

5121

RATE CDEFFICIENTS.

Wﬂﬁ.

“FREQUENCY

0.i376%E
0.17525E
6.13133F
0.19370E
0.229398
0.25796F
0.28702¢
0.2894848
0.30698E
0,31603C
0.32384E
0.32729%
0.34836€
0.36578€
Q.38611E
0.388)%E
0.41914E
0.48225E
0.45330F
0.51462E
G.52134E
0.52244%E
0.5283%E
0.529128
0.53803E
Q.11957E
0,12466E
0.14801E
g9.1730%E
0.23952E
0.233872E
0.27020E
0.27155€
0.3G0aBE
0.3030GE
0.31635¢€
0.32753E
B.33123€E
D.35920E
0.37838E
0.33871E
0,43463E
0.45861E
a.511028
0.52131¢
Q.53227E
a.5947%5E
0.6Q748E
0.65135€
0.47311E

o2
02
o2
o2
az
B2
02
02
0z
02
0z
02
02
uz
a2
6z
02
ae
az
a2
az
az
a2
az
b2
a2
02
02
02
az
az
02
02
a2
0z
02
0z

HODE RO.

wnTY OF THE
PAGE 15 POOR

.

RESPONSE FRLDH =

COEFFICIENT
0,95170E-10
G.21771LE~07
0.61790E-08
0.30342E~08
-0.28%09&-08
=0.11294E~0B
0.52273€E-09
0,28605E~0B
=0.366138=09
0.20D92E-GB
=0.26439E~08
-0.20523E~09
-0.65600E-0%
-0.40BEGE~07
-0.18759L-07
~0.17219E~08
-0.11440E~08
=0 55049E~10
0.197578-~11
0.49628E~008
0.330216-12
~D.93221E~1D
0.13135E~11
0,31124E=~09
D.17T9LE~1D
0.52035E~07
0.12152E~06
=-0.32008E-09
-0.34106E-07
J.89739E~0D
0.14537E~07
0.33210E~07
D,32305E~08
0.32369E~1D
=0.75183E~1D
~0.621106~092
=0.1G6478E=1D
~0.23027E~08
~0.39912E~07
~0.59570E~08
B.56931E~09
0.5%889E-~10
0.15359E~9
=0.237276~10
~0.491118~11
~0.35208E~13
-0.45876F=1D
8,4202BE-09
0,16286E~09
0.56TH3E=~08

2326

RANK

34

g

8
13
14
21
28
15
3a
18
16
33
24

INPUT

FRDH =

511



L11

RATE COEFFICIENTS.

FREQUENCY

D.13764E
0.175258
D.181338
0.193708
0.22939€
0.25796E
0.28702C
0.28%44E
0.30096E
0.31603E
0.32384E
0.32729E
0.34834E
0.36578E
0.38611E
0.33819E
0.41914E
0.68225E
0.4%9330E
0.51662E
0.52124E
0.52244E
0.52839€
0.52912E
0.55803E
0.11957E
0.12446E
D.16801E
0.17309E
0.20952E
0.23872E
0.27020E
0.29155L
0.30048E
0,30800E
0.31635E
0.32753E
v.33123E
D.346920F
0.37888E
0.38571E
0.6434G68E
0.45841E
0.51102€
0.52131¢&
0.52227E
0.59475E
0.60748E
0.65135E
0.67311C

D2
02
02
o2
0z
134
02
02
02
oz
02
0z
nz
02
oz
b2
02
0z
02
02
02
02
22
02
02
a2
02
92
62
02
02
02
02
g2
0z
02
02
02
02
n2
02
02
02
LK
0z
02
02
02
02
02

MODE NO.

WS ot

10
11
12
13
14
15
14
17
18
19
20
21
22
23
24
25
26
27
28
34
35
35
37
38
39
40
4l
a2
43
a6
45
(13
a7
L]
49
50
51
52
53
54
55
56
57
58

RESPONSE FRDM =

COEFFICTIENT
0.10052E-08
0,24814E=07
0.36113E-06
-0.43715E-04
0.16993E=07
=-0.36526E=-07
0.27821E-08
0.83542E=-08
0.625396-08
D.5129)E~D?
-0.95144E-08
=0.64116C-02
0.10018E-08
0.15030E-DY
0.,14308E-07
0.25486E-0%
-0.24505E-08
0.13411E-07
-0.31366E-09
~0.57407E~Q8
-0.33333E~10
0.81539E-10
=-0.99237E=-12
=0.73416E-09
0.49013E-09
~0.40304E~03
0.27752E-07
~0.7E749E-07
0.3¥080E-08
-0.13386E-07

.~D. 13355604

0.12086E~-0¢
~0.48516E-07
~0.71893€-03
~0.10772E~07
~0.4033SE~07
0.49839E-09
0.71781E-Q7
0.31742E-07
-0.27017E-07
-0.46640E-08
0.51360E~07
-0.21763E-07

0.45755€E-08

=0.87649E~11
-0,375%6E-110
=0.16370E-10
-0.72304E-08
0.32407E-08
0.23742E-08

4024

RANK
36
14

2
1
16
19
34
23
27
40
22
39
37
17
18
1]
35
19
43
26
47
45
50
38
%2
30
12
5
12
20
3
&
8
25
21
9
(33
&
11
13
28
7
15
29
%9
46
48
24
31
33

INPUT FRDH =

132

RATE COEFFICYENTS.

*FREQUENCY

0,13764E
0.17525E
0,18133E
Q.19370C
0,22939€
0.25795E
0.287028
D.28%44E
0.30096E
0,31603E
0.32534E
0.3272%E
0,.34836E
0.36578E
0.38611E
0.3851%E
0.41914E
D.48225E
0.49330E
0.51462E
0,521 24E
0.52244E
0.5283%E
0.52%12E
0,EE801E
0.11957E
0.124446E
0.146B801E
0.1730%E
0.20982L
G.23872E
0.27020F
0.29155E
0.3004CE
0.30800E
D.316356
0.32753E
0.33123E
0.36%20E
0.37885E
0,38871E
0.43468E
0.4586]E
0.51102E
0.52131E
0.52227E
0.59575E
0.60740€E
0.65135E
0.67311E

02
02
n2
02
02
02
14
¢z
02
02
oz
02
02
02
02
02
o2
02
B2
D2
0z
a2
02
0z
a2
0z
0z
o2
14
02
o2
02
02
oz
02
L]
62
62
b2
o2
0z
L]
o2
nz2
nz
o2
u2
02
nz
02

MODE HNO.

RESPONSE FRDM =

COEFFICIENT
0.46736E-09
-0.4374)E~-08
~0.121B2E~08
-0.10623E-07
~0.58705E-08
0.20777E~07
0.15090E-08
-0.43617E~03
-D.10394E~08
~0.87801E-09
0,13992E-08
0.25318E-09
0,52478E-11
=0.10723E-08
0.82028E~-09
D.47994E=-09
=0.93298L-09
0.43665E-08
«D.10678E-09
~-0.24225E-08
=0.12777E~10
0.31712:8-10
=0,417206-12
-0.40201E-09
0.55758E-10
0.44083E-08
~0.38676E-07
=0.19%a0E-DT
0.17131E-D8
0.11986E-07
0.31335E~07
-0.137246C~-07
0.492063E-08
=0.20369E-09
0.11715E-08
0.10268E~07
~0,68950E-10
-0.12127E~-07
~-0.,75837E-09
-0.56302E-0%
~0.63798E~-D%
0.15979E~07
~0.96402E-08
0,18757E-08
-0,42308E-11
=0.15255E~-10
~0.59996E-10
=0.919491C-08
~0.28538E-08
0.594940E-03

025

RANK
37
16
26

9
15
3
24
18
29
31
25
39
48
28
32
36
30
17
41
21
67
45
50
33
44
13
1
4
23
8
2
&
19
40
27
10
G2
7
33
35
34,
5
11
22
%49
46
43
12
20
14

INPUT FRODM =

5132



8l

RATE COEFFICIENTS.

FREQUEHNCY

0.13764E
0.175258
0.18133¢8
0.193708
0.2293%8
0.257968
0.287028
0.28944E
0.30096E
0.31603E
0.32384E
0.32729E
0.34836E
0.36578E
.33611E
0.38319E
D.41914E
0.43225E
0.49330F
0.51442E
0.52124E
0.52244E
0.520837E
0.52912€
0.55803E
0.11957€E
0.22446E
D.163801E
0.1730Q7E
0.20952E
d.r3a72¢€
0.27020E
0.29156E
0.30048E
0.30800E
8.31635E
0.32753E
%.313123E
0.3569208
0.37B83E
0.38871E
0:4346BE
0,45L41E
0.51102E
0.52131E
0.52227E
0.59475E
0.56074BE
0.65135E
0.67311E

02

n2

D2

02

02

02
B2
n2
02
o2
¢z
¥4
02
o2
n2

02
02
02
n2
n2
o2
22
02
02
a2
02
4
0z
02
L
02
02
02
02
02
02
14
02
bz
0z
02
o2
0z
02
02
62
02
02
o2
02

HOPE MNO.

RESPOHSE FRDH =

COEFFYCTENT
~0,69112F=11
-0.361828-07

0.332938-07

0.75855E-06

0.705306-09

0.191736-08

0.95561E-09

0.53968E-08
0.275786~08
0.132323E-07
0.156118~08
0,15512E-09
0.75200E-09
0.25900E-03
0,13184E-07
0.11¢75E-09
0.11585E-09
0.32019E=09
0.84438E-11
0.77801E-07
0.65572€-11
0.12113E-09
0.66082E-12
0.53150E-08
0.36130E-09
0,50474E-09

0. 46848E~06
~0.56722E-09
~0.20630E~03
-0.39834E-09

0.29096E-07

0.10643E-06
0.1¢276E-07
0.38894E-09
0.13822E-09

B.64083E-08
~0.47943E=-10

0,21065E-07

0.11351E-06
0.16276E-07
0.10133E-08
0.11020E-08
0.1B335E-08
-0.44B81E-10
0.16790E-10
0.79038E-13

0.273956-09

0.64429E-00

0.85144E-09
0.34504E-07

92026

RANK
48

INPUT FRDM o

5132

RATE COEFFICIENTS.

FREQUENCY

0.13744E
0.17525E
0.18)333E
0.19370E
0.22939E
0.25796E
0,28702E
0.28944E
0.30096E
0.31603E
0.323384E
0.32729E
0.34836E
3.35573E
0.38611E
0.38819%E
D.41914E
0.48225F
0.49330C
0.51462E
0.52124E
0.52244E
0.52839E
0.52912E
0.55803C
0.11957E
0.12446E
D.16801E
O.17309E
0.20%52%
0.23872E
D.270208
D.29155E
0.30a48C
0.30800€
8.31635C
0.32753E
0.331238
01369208
0.37885¢E
0.38871E
0.43463E
0.55651E
0.51102C
0.52331E
0.52227E
0.59475E
0.6074BE
0.55135E
0.57311E

62
02
0z
o2
02
0z
g2
02
02
02
02
2
02
02
o2
02
02
02
g2
G2
0z
02
a2
D2
02
02
02
0z
oz
0z
02
02
02
02
02
02
02
02
02
02
02
02
02
02
62
0z
02
02
02
02

MODE NO.

RESPONGE FRIDM =

 GOEFFICIENT
-0.66090E~06
0.18751E~D7
0.20748E~D6
-0.88126E~09
0.453464E~06
2.25424E~06
~0,17451E~08
0.15775E~08
~0.56999E~11
0.213356~10
~0.1a4%92E~08
0.41636E~09
~0.18717€~09
~0.10729E~07
~0.488520~08
~0.26753C~08
~0.87710E-07
~0.19910E-06
~0.31459E~08
0.18454E~09
~0.97722E~10
~0.48435E~10
~0.36524E-11
~0.42453E~09
0.12503E~06
0.25392E~06
0.33907E~08
~0.3B395E~06
~0.10594E~07
0.36636E-D6
0.14330E-06
~0.26¢7837E~08
~0.63229E-08
~0.78052E-08
~0.970067E~0Y
0.3006G6E-D7
~0.11725E-08
0.38450E=-08
~0.23222E-08
~0.21911E-07
~0.26071E-08
~0.25664E-06
0.1644EE-0B
~0.666376-07
~0.430826-11
~0.18222E-08
~0. 6G405E=11
~0.61995E-08
0.10557E~07
~0.31014E-0%

Y024

RANK

1
15

3
58

2

5
31
33
a7
44
34
a0
a2
16
22
27
11

9
25
43
45
4%
50
39
35

é
24

3
17

4
10
z6
20
19
17
13
36
23
29
14
28

7
32
12
49
kY|
48
21
18
41

INPUT FRDH =

5133



6L1

RATE COEFFICIENTS.

FREQUENCY

D.13766E
b.17525E
0.18333C
0.19370E
0.2293%C
0.25796L
4.28702E
0.2894%E
B.30096E
0.31603E
0.32384LC
n.32729C
0.24836E
0.345576E
0.33611E
¢.38819E
D.41714E
0.48225E
0.4%3350E
0.51462E
0.52124%E
0.52244E
0.52839E
0.52912€
0.5%8D3E
0.11957C
0.124%6E
0.1CELQ1E
D,17309E
0.20952E
0.23872E
C.27020E
0,29155€
D.3004BE
D.30800E
0.316358
0.32753E
0.33123¢8
0.35920E
0.37848E
0.38871E
0.43668E
0.453461E
0.51102E
0.52131E
D.52227E
0.53475E
0.607438E
0.65135E
D.67311E

02
02
02
02
0e
02
g2
o2
02
oz
02
oz
02
02
12
02
0z
02
0z
a2
nz
o2
02
o2
oz
02
02
g2
02
02
nz
0z
02
ne
nz
oz
02
02
02
o2
a2
02
0z
02
oz
02
02
o2
1
02

HODE NO.

RESPONSE FRDY =

COEFFICIENT
-0.30697E~-08
~0.29599E-08
-0.69988E-09
=0.21415E~10
=0.156665-06
“0.14462E-D6
~0.,94315E-09
~0.823588~=07

0.14]122E-11
-0.36528E~10

0.21312E-09
~D.16362E-09
-0.96045E-12

0.76545E-09
-0.2B006E-09
~0.5038CE~08
=0,332840-07
~0.64326E-07
-0.105765~03

0.66124E-10
~D.3745BE~10
-0.18839E~10
-~0.153556~11
~0.,23356E~09

D.1G67BE~09
~0.40373C~06
=0.47254E~008
~0,10007E~04
~0.58395E~08
~D,32504E~06
~0.33622E~07

0.30422E~09

0.591610~07
~0.22116E~0%

D.10556E~09
~0.74540E~08

B.162205~09
~0.652975~09

0.55480£-10
~0.456626-09
~0.35661E~09
-0.767298-07

0.72860E-0D9
~0.273188-07
«0.20797E-41
~J.73938E~-09
~D.22138E=10
-0.78B37E-08
-0.929680-08
~0.464)1L8E-09

9025

RANK
3
18
25
45
A
5
20
21
48
43
15
36
50
22
32
16
10
o
19
40
4z
46
49
13
18
1
17
3
15
2
9
3
2a
14
39
14
17
26
41
29
10
T
24
11
47
23
44
13
12
27

INPUT FRDM =

5133

RATE COEFFICIENTS.

FREQUENCY
D,13764E 02
0,17525¢ D2
0.18133E 02
0.19370E 02
0,22939E 02
0,257%6E 02
0,2B702E 02
0.28%44E D2
0.300%6€ 02
0.31603% 02
0.32384E 02
0.32729E 02
U.34836E 02
D.3657%E 02
0.38611E 02
0.38849E 02
0.41916E 02
D,648225E 02
0.49330E 02
0,51462% D2
0.52124E 02
0.52244E 02
0.52839€ 02
D.52912E 02
D.55603E 02
B.11957E 02
D.12446E 02
0.1680LE 02
B.1730%E D2
0.20952C 02
0,23872E8 02
0,27020E 02
0.25155E 02
0.3006B8E 02
0.30800E 02
0,31635E D2
0,32753€ 02
0.33123EC 02
0,36920E 02
0,378B8LE 02
0,38871E 02
D.43468BE 02
0,458%1E 02
0.51102E D2
0.52131E @2
0.52227E 02
0. 5947%E &2
0,60748€ 02
L,0.65135E 02
0.67311E @2

MODE WO.

RESFONSE FRDK =

CORFEICIENT
D.32258E-08
~0.23131E~07
0.19128E-07
0.15292E-08
0.1882LE-07
=0,133500-07
~0.60044E-00
0.11134E-08
~0.42775E-11
0.55075E-09
0.23778E-09
-0.10025C~09
=5.14050E~09
-0.18488E~08
~B.45012C~-0A
-0.12255C~08
0.41330E-08
-0.47534E-D8
0.85227E-10
-0.21236E-08
0.19224E~10
-0.71959E~10
0.24321E-11
0.30879E~08
0.95112E6~09
—0.319256-07
0.57239£-07
-0.28753E-08
0.70472E-08
0.16916E-07

. -0.312198-07

-0.235B7E-08
0.22890E-08
0.42232E-09
0.12454E~10

~0.47767E~08
0.112783€-39
0,11342C-08

~0.8303BE-03
0.1Y57BE-07
0.56643C~09
~0.52914E-03
=0.13860E~09
0.65364E~09
0.82531E~31L
0.38308E~11
0.10109E~0%
0.55244E=03
0.27737E-08
~0,39392E-03

9026

RANK

19

4

5
27

3

7
33
30
48
35
37
42
36
26
1¢
28
17
15
43
25
45
44
50
20
31

2

1

21

11
9
3

23

24

36

46

14

40

29

10
8

14

13

39

32

47

49

ql

12

22

18

INPUT FRDM =

5133



0¢l

RATE COEFFICIENTS.  RESPONSE FRDM = 90044 INPUT FRBHM = 5131 RATE COEFFICIEWTS.  RESPONSE FRDM = 50045 INPUT FRDM = 5131

FREQUENCY  MODE NO. COEEFICIENT  RARK FREQUENCY  MODE NO. COEFFICIENT  RANK
0.13764E 02 4 0.0 50 D, L3764E D2 4 -0.54056E~08 9
0.17525E 02 5 0.0 49 0,17525E 02 5 -0.16462E-08 15
0J1B133E 02 I3 0.0 &8 0,.18133E 82 [ =-0.16567E=-07 [
0.19370E 02 7 0.0 47 0.19370E 02 7 0.51215E-09 19
0.22939E D2 a 0.9 46 G.22939€ 62 8 -0.69202C-07 1
0.25796E 02 9 0.0 45 0,25/96E 02 9 -0.15557E-07 7
0.23702E 02 10 0.0 44 0.28702E 02 10 0.281B2E~07 5
0.28044E D2 Pl 0.2 ] 0.28944E 02 11 =0.34513E-08 10
0.30094E b2 12 0.0 H2 0.30096E 02 12 =-0.34259E=-08 11
0.31603E 02 13 0.8 41 0.31603E 02 i3 ~0.,25800E-08 13
D.32384E D2 |34 0.0 40 0.32384E 02 14 B.49854E-07 2
0.32729E 02 15 0.9 39 0.32729E 02 15 0.284B8E-08 14
0.36334F D2 Vé 6.6 38 0.34836E 02 16 =-0.740481E~09 15
0.36578€E D2 1% 0.0 37 0.36578E 02 17 0.3122%9E=-D3 12
C.38611E 02 18 0.0 36 0.38611E 02 18 0.48754E-07 3
g.38319€ ©2 19 0.0 35 D.3BB19E &2 1% -0.38078E~07 4
C.G1914E G2 20 0.0 34 0.419140 02 20 -0.82595E-08 8
0.48225E D2 21 0.0 33 0.48225E 02 2l 0.12561E-09 20
0.493308 02 22 0.0 32 G.49330C 02 22 0.12134E-09 21
0.51462E D2 23 0.0 31 0.51462E 02 23 -0.540180-09 18
0.52124E 02 © 24 0.0 30 0.52124E 02 24 0.63324E-13 25
6.52244E D2 25 0.0 29 0.52244E 02 25 0.520746E=10 23
6.52339C D2 24 0.0 28 0.52839€ 02 24 -0.62938E~11 24
0.52912E B2 27 0.0 27 0.52912E Q2 27 -0,69719E-09 17
2.55503E D2 za g.0 26 0.55803E 02 28 0.96308E-10 22
G.11357E 02 34 ~0.14079E-07 6 0.11957E 02 34 0.0 50
G.12446E 02 35 0.12932E-07 8 U.12444E 02 35 0.0 49
0.16501E 02 36 0.41334E~07 4 0.16801E €2 36 0.0 48
0.173109E 02 37 ~0.63734E-07 2 0.17309E Q2 37 0.9 47
209528 02 38 -0.51899E-07 3 0.209528 02 38 6.0 46
0.23372€ 02 39 0.864947E-07 1 D.232728 02 39 ¢.0 45
6.27D20E D2 40 -0.831708-08 12 D.27020E 02 40 6.0 46
0.29155E€ 02 41 -0.15102E~07 5 0.29155E 02 41 0.0 43
0.30048E 02 42 -0.256458~09 19 0.30048¢ 02 42 t.0 42
0.30B800E 02 43 0.329638E-08 15 0.30800E D2 43 6.0 41
0.31635E 02 44 0.59412E~03 13 D.316355 D2 44 t.0 40
0.32753E 02 45 -0.83192E~-10 21 0.32753E 02 45 ¢.0 39
0.33123E 02 46 0.35342E-08 14 B.33123E 02 46 0.0 38
0.34920F 02 67 0.13010E-07 7 b.36920E 02 47 0.0 37
0.37588E 02 48 ~0.11282E-07 9 0.3788BE 02 48 6.0 36
0.38671E D2 49 -0.25866E~08 17 0.38871E 02 49 0.0 35
D.43468E 02 50 ~0.121B6E=-0% 20 0.4346BE 02 50 0.0 34
0.45341E 02 51 ~D,10699E~10 23 0.45341F 02 51 0.0 33
0.51102E 02 52 -0.27683E-08 16 D.51102E 02 52 0,0 32
0.52131E 02 53 0.22733E-11 25 0.52131E 02 53 0.0 31
0.52227€ 02 54 ~0.62%36E-11 24 0.52227E 02 54 0.0 30
0.5%475E 02 55 . 0.764196-10 22 0.57475E 02 L5 0.0 29
0.60743E 02 54 . -0.94277C-058 11 0.60748E 02 56 0.0 28
B.65135E 02 57 0.22672E-08 18 0.651350 02 57 0.0 27
0.0 26

0.67311E €2 58 0.10517E~07 10 0.67311E 02 54



Lzl

N
RATE COEFFICIENTS. RESPONSE FRDM = 90046 IHPUT FRDH = 5131 RATE COEFFICIENTS, RESPONSE FRDM = 90044 INPUT FRDY = 5132

EREQUENCY MODE KO. COEFFICIENT RANK FREQUENCY MODE MO, COEFFICIENT RANK
0.13764E 02 G 0.0 50 D.13766% 02 4 c.0 50
0.17525E 02 5 0.0 49 0.17525E 02 5 0,0 49
0.18133E D2 & 0.0 48 D.18133E 02 13 6.0 48
0.19370F D2 7 0.0 q7 0.19370E 02 7 [} &7
0.22939E 02 8 0.0 LX) 0,22939E G2 3 0.0 46
0.25796E 02 F4 0.0 95 0.257%6E 02 9 0.0 45
0.23702E 02 10 0.0 44 0.28702E D2 10 0,0 464
0.28944E 02 11 0.0 43 0.2B944E £2 11 0.0 43
0,30096E 02 12 0.0 G2 ’ 0,30096E 02 12 0,0 a2
0.31403E 02 13 0.0 41 0,31603E 02 13 0.0 aql
D.32384E 02 14 0.0 40 0.32384E 02 14 0.0 40
0.32729E 02 15 0.0 39 0.32729€ 02 16 0.0 19
0.34836E 02 16 0.0 38 0.34836E 02 16 0.0 33
0.36578F 02 17 c.0 37 0.346576E 02 17 0.0 37
0.38611E 02 18 0.0 36 D,38611E 02 18 0.0 36
0.32319E D2 19 ¢.0 35 0.38819E 62 19 0.0 35
0.61914E 0Z 20 0.0 34 0,41914E 02 20 0.0 34
0,68225E 02 21 &4.0 33 0,4B225E D2 z1 0.0 33
0.49330E 02 22 0.0 iz 0.49330E 02 22 0.0 32
0.51462E 02 23 0.0 31 0.51462E 02 23 0.0 11
0.52124E D2 24 a.o0 30 0.52124E 02 24 0.0 30
0.52244E D2 25 ¢.0 29 0.52244E 02 25 0.0 29
0.52839E 02 26 0.0 28 0.52839E 02 26 0.0 28
0,52912E6 02 27 G.0 27 0.52912€E 02 27 0.0 27
0.55303E 02 28 ¢.0 26 ¢.55803E @2 238 0.0 26
0.11957¢ 02 34 0.406438E6=-08 16 0.11957E 02 34 -D.12509E-07 13
0.12446F D2 35 0,33674E-07 5 0.12444E 02 . 35 0.56324E-07 7
0.16301E Dz 36 0.91195E-Da 9 0.14891F 02 36 0.73710E~07 4
0.17309%9E 02 37 0.957BBE-07 1 0,17309E 02 37 -0D,38646E~08 13
0.206952E 02 2] -D.276585~-07 7 0.20952E 02 38 0.23066E=07 12
D.23872E 02 39 =0.93995E~07 2 0.23872E 02 39 0,16944E~06 1
0.27020F 02 40 0.30053E-D7 & 0,270620E 02 40 -0.26653E=-07 18
0.27185C 02 41 0.52135E-08 13 0.29155E 02 (3} ~0.76090E~07 3
0.30048E 02 42 ~0,19543E~09 21 0.30048E 02 42 =0.34421E~08 1%
0.30800E 02 43 0.2626G0E~D% 20 0.30800E 02 43 -0.60424E-08 15
0.31635E 02 44 B.L4AGT5E-D8 10 0.31635E €2 G4 -0,55090€E-07 ]
0.32753E 02 45 ~0,98292E-10 22 0,32753E 0z 45 ~0,25717E~-0% 22
D.33123E 02 a6 0.29638E~08 17 0,33123€E 02 46 ~0,32330E-07 9
0.36920E 02 97 0.35646E~07 3 0.36920E 02 &7 =0,36999E~07 8
0.37888E 02 48 ~0.30872E=07 4 0,378086E 02 48 0,27038E~07 18
0.38871C 02 49 0,62712k-08 12 0.38871E 02 49 ~0.46039E~08 17
0.43448E 02 50 -0,12920€E-08 19 0.4346B8E 92 50 -0.24465E-00 20
0.45841E 02 51 -0.10508L-07 a 0.45841C 02 51 -0.12775E-0¢% 23
0.51102E 02 52 0,19933E-0D 18 0.51102E 02 52 ~0.523620-08 16
0.52131C 02 53 -0.96994C~11 26 0,52131E 02 53 ~0.,77719E-11 25
0.52227E 02 64 0.10924E=10 24 D.52227E 02 54 0.14139%E~10 24
0.5%475E 02 5% -0.69002E~10 23 0.59475E 02 55 -0.66652C-09 21
G.5074508 02 56 0.42721E-08 15 G.60748E 02 56 =0,14453E=-06 -4
0,651358 02 57 -0.45%13E~-08 14 0.65135E 62 57 0.11855E=-07 14

0.6T3L1E 02 58 0,70564E-03 11 0.67311E 02 58 0,67647E-07 5



éel

RATE COEFFICIENTS.

FREQUENGY

0,13764E
0.17525E
0.18133E
0.19370E
0.22939E
0.28774E
0.28702€E
0.28964%E
0.30094E
0.31603E
0.323B64E
b.327298
0.34836E
0.36578E
B.38611E
B0.38L19E
0.41914E
0.48225E
0.49330E
0.51462E
0.52124E
0.52244E
0.52839E
0.52912€
G.55803E
0.11957E
0.12446E
B.16R01E
0.17309C
0.20952E
0.23872€E
0.27020E
0.29155E
¢, 30048C
0.30800€
0.31635E
0.32753E
0.,33123E
0.36920E
0,37333E
D.323871E
0.43468E
0.45841E
0,51102¢
0.52131¢€
D.52227F
0.59473E
0.60748E
0.65135E
0.67311E

0z
D2
D2
14
0z
D2
02
0z
02
0z
nz
b2
oz
b2
D2
02
02
oz
02
nz
o2
b2
0z
a2
o2
D2
o2
02
o2
02
b2
o2
02
0z
b2
o2
nz2
b2
o2
o2
nz
02
b2
o2
B2
02
n2
02
0z
gz

RESPONSE FRDM =
MODE NO. COEFFICIENT
4 0.27896E~09
5 0.25845E-08
& -0.88975€E~-07
7 0.12804E=-06
B 0.16683E-07
? 0.26618E-07
10 0.51516E-07
11 -0.71142E~08
12 0.25835E-07
13 -D,19627E-07
19 =0.2%436E~07
15 -0.21532E-08
16 0,84E899E-09
17 -0.13285E~07
18 -0.34264E~07
19 0.25817E=-08
20 0,83641E-09
2k ~0,73061E-09
22 0.5186GE~09
23 -0,34343E-08
24 0.1R2575E~11
25 -0,6745569E-10
26 -D.2160Z2E~11
27 ~0.Y1%05E-07
28 0.19E558E-08
34 0.0
35 n.a
36 0.0
37 0.0
38 0.0
39 0.0
al g.0
41 G.0
42 o.0
43 0.0
44 0.0
45 _ 0.0
(13 0.0
a7 0.0
463 0.0
69 0.0
50 0.0
51 0.0
52 0.0
53 6.0
54 0.0
55 0.0
56 0.0
57 0.0
58 0.0

90045

RANK

~
S

[
[P L Sl LR

— -
PO R

N o et R e
Gyt ©sain

24
Il
b7
50
49
48
47
46
45
[T
43
42
41
40
- 39
38
37
36
35
39
33
32
31
30
29
28
27
26

INPUT FRDH =

5132

RATE CODEFFICIENTS.

FREQUENCY

D.13744E
0.,17525E
0.18133E
0.19370E
D.2293%E
0.25796E
0.2B702E
0.28964E
0.30096E
0.31603E
0.32354E
0,32729E
0.34836KR
0,36570E
0.36611¢
0.,35817%E
0.41914E
0.48225E
0.469330E
0.51462E
0.52124E
G.52240E
0.52839%E
0.52912E
0.55603E
D.11257E
0D.12G4A6E
0.16801E
0.17309E
0.20952E
0.23872E
0.270208
0,29155E
0.30048E
0.30800E
§.31635E
0.32753E
0.33123E
0.369208
0.37655E
b, 385871C
0.434605F
0.45641E
0.51102E
0.52131E
t,52227E
t.59475E
0.6074B8
0.65135¢
0.67311E

02
0z
02
oz
02
02
02
a2
02
02
02
g2
02
02
0z
02
0z
1)
02
82
02
o2
o2
02
o2
02
02
02
02
02
02
0z
02
oz
82
02
o2
0z
o2
02
g2
o2
g2
02
02
02
02
02
02
o2

RESPONSE FRDM =
HODE NO. CNEFFICIENT
4 6.0
5 6,0
6 0.0
7 0.0
8 0.0
9 0.0
10 0.0
11 0.0
12 0.0
13 0.0
14 0.0
15 0.0
14 0.0
17 0.0
18 U.0
19 0.0
20 0.0
21 0,0
22 0.0
23 0.0
24 0.0
25 0,0
26 u.o
27 c.o
28 ¢.0
34 0.35929E-08
35 0.14146E-04
36 0.16262E~07
17 0,.58082E-08
18 D,12293E=-07
39 -0.13749E-06
40 D.%6309E=07
43 0.26267E-07
4e -0.23483E~08
43 ~0.4B8264E-09
44 ~0,782T4E-07
45 -0,28597€-09
46 -0.27113E-07
47 -0,10137E=0D6
48 0.B3573E-07
49 C.11162E-07
50 -0.259396-07
51 ~0,12547E=06
52 0.,37703E~08
53 D.33160E-10
54 ~0.24523E-10
55 0.42124E~09
56 0.65693E-07
57 -0.26008E-07
58 0,45387E-07

0046

RANK

50
49
43
47
46
45
a4
43
42
41
40
39
s
37
36
35
34
33
a2
a1
30
29
28
27
24
19

2
14
17
15

1

5
11
20
21

7
23
1o

4

3
16
1z

3
18
24
25
22

8
13

?

INPUT FRDH =

5132



gel

RATE COEFFICIENTS. RESPDNSE FRDHM » 90044 INPUT FRDHM = 5133 RATE COEFFICIENTS. RESPONSE FRDM = 90045 INPUT FRDH = 5133

FREQUENCY  MODE NO. COEFFICIENT  RANK FREQUERCY  MODE HO. COEFFICIENT  RANK
8.13764E 02 4 0.8 %)) 0.13764E 02 4 -0.18322E-056 3
0,17525E 02 5 0.0 49 0D.175258 02 5 0,17487E-08 15
0.1B133E 02 6 0.0 48 0,18133% @2 & -0.51119€~07 4
0.19370E &2 7 0.0 47 D.1937DE 02 7 0.25812C-0%9 19
0.22939E €02 B 9.0 a6 0.22939E 02 8 0.45053E-06 1
0.25796E 02 g 0.0 45 0.25796E 02 9 ~0.18388E~-06 2
0.28702€ 02 10 B.0 46 0.2870R2E 02 10 -0.32369E-07 5
0.2894GE 02 11 0.0 o3 0.28944E 02 11 -0.13434C-08 17
0.300%4E B2 12 0.0 42 0.30096E 02 12 =-0.40071E-10 23
0.31603E 02 13 0.0 41 0.31603E 02 13 -0.381657C=-09 18
0.32384E Q2 14 D.o 40 0,32384E o2 14 -0.443355E-08 14
0.32729E 02 15 0.0 39 0.32729E 02 15 0.13%15E~08 16
0.34836E 02 16 0.0 ia 0.34836F 02 16 ~0.15862E-09 21
0.34578E 02 17 0.8 37 0.36578E 02 17 0.963335-03 10
0.33611E 02 18 D, 36 0.38611E 02 18 0.11553E-07 B
D.33819E 02 12 G.0 35 0.38B19E 02 19 ~§.27100E-07 7
D.GL914E D2 20 0.0 34 0.41914E 02 20 D.29839E-07 [
D.43225E 02 21 0.0 33 0.%48225E 02 z1 0.10847E~07 2
0.49330E 02 2z 0.0 3z 0,49330E 02 22 D.52345%E-08 12
D.5l442E 02 23 D.0 31 0.51442C 02 23 B,23022E=~09 20
0.52126E 02 24 p.0 in 0,52124E€ 02 26 D.36B65E-11 25
0.522448 02 25 0.0 29 9.52244E 02 25 D,4D019%E-10 | 22
0.52339E Pz 26 0.0 286 4.52839E D2 zé ~0.79505E-11 24
0.52912E 02 27 D.o 27 0,529128 02 27 -0.69171E-08 Il
0.55803E 02 28 0.0 26 0.55803E 02 28 0.51488E~-08 13
0,11957E 02 34 0.78806E-06 1 0,11957E 02 34 0.0 50
G.12446E 02 35 0.46373E-08 14 0.12446E 02 . 35 0.0 49
0.146801C 02 38 0.37365E=-06& 3 0.16801E 02 34 0.0 48
0.17309E 02 37 0.13173E-07 10 0.17309€ 02 37 0.0 a7
0.20952E 02 38 ~0.63130E-06 2 0.20952E 02 38 0.0 46
0.23872E 02 39 ~0.18180E-D6 4 0.23872E 02 39 0.0 45
0.27020E 02 40 0.59072E-09 21 0.27020BE 02 40 0,0 44
0.29155E 02 41 ~0.10701E-07 12 0.29155E 02 41 a,0 43
0.30048BE 02 462 -0.37373E~D3 15 0.30048E 02 42 0.0 42
9,30800E 02 43 ~0.544286~09 22 0.30300E 02 43 0.0 41
0.31635E 02 44 0.41066E~D7 7 0.31635E 02 . 44 0.0 40
0.32753E B2 45 0.60498E-D9 20 0.32753E 02 45 2.0 39
0.33123E 02 46 -0.17408E-08 18 0.33123£ 02 a6 0.0 38
0.36920E 02 47 0.27067C-08 16 0.356920E 02 a7 0.0 37
0. 376888E 02 48 0.21928E-07 9 0,37888E 02 48 .0 36
0.38871E 02 69 ~0,251356~-028 17 0.38871F 02 49 0.0 35
0.4346B6E 02 50 0.11747E-07 11 0.43468E 02 50 0.0 34
0.45861E D2 51 0.96553E-11 4 B.45841E 02 51 0.0 33
6.51102E 02 52 0,.762460E-07 6 0.51102E 02 52 0.0 32
0.52131E 62 53 ~0,33203E~11 25 0.52131€ 02 53 0.0 31
0,52227E 02 54 0.48531E~09 19 0.52227E 02 54 0.0 30
0.594/5¢ 02 55 ~0,E7214C=09 23 0.59475E 02 55 0.0 29
0.60748E 02 54 ~0.12393E-04 5 0.60748E 02 56 0.0 28
0.65135E 02 57 0.38619E-07 ] 0.65135E 02 57 0.0 27
D.L7311E 02 58 ~0,7299%7E~08 13 0,67311C 02 ° 5B 6.0 26



¥el

RATE COEFFICIENTS. RESPONSE FRDH =  9004¢ INPUT FRDH = 5133 RATE COEFFICIENTS. RESPONSE FRDM = 5014 INPUT FRDM = 140391

FREQUENGCY  MODE MO. COEFFICIENT  RANK FREQUENCY  MODE NO. COEFFICIENT  RANK
0.13764E D2 4 0.0 50 0.13764E 02 4 D.39623E-06 3

0.17525E 02 5 0.6 a9 0.17525€ 02 5 0.29316E-07 14

0.18133E 02 & 0.0 48 D.181336 02 6 -0.67413E~06 2

0,19370E 02 7 8.4 47 0.19370E 02 7 -0.29917E-07 13

6.22939E 02 a 0.0 46 0.22939C 02 8 0.98228E-06 3

0.25796E 02 9 6.0 45 0.25796E 02 9 -0.28991E-06 %

0.28792E 02 10 t.0 44 0.28702L 02 10 -0.10283E-07 23

D.28954E D2 11 0.0 43 0.28944€ 02 11 ~0.61563E-08 27

0.30096& 02 12 0.0 42 0.30096E 07 12 -0.23355E-07 19

0.31603E 02 13 .0 41 0.31603E D2 13 -0.51429E-09 41

0.32324E 02 14 0.0 40 0.32384E 02 14 -0.20576E-06 5

D.32729E 02 15 0.0 39 D.32729E 02 15 —0.11954E~07 22

D.34836E 03 14 0.0 38 0.34836E 02 16 -0.30533E~03 32

D.36578E 02 17 0.0 37 0,36576[ 02 17 0.15380E-07 21

0.38611E 02 18 ¢.0 36 0.33611E 02 18 0.17759E~D3 36

0.38815E 02 19 2.0 35 0.33B1%E 02 19 0.307818-07 . 12

0.41914E 02 20 0.0 34 0.41914€ o2 20 0.753465-07 7

0.42225€ 032 21 9.0 13 0.48225E 02 21 ~0.47475E-07 9

0.49330E 02 22 0.0 32 0.49330F 02 22 ~0.11670E-08 39

0.51442E D2 23 0.0 31 0.51462C 02 23 ~0.43157E=-10 45

0.52124E 02 24 0.0 30 0.52124E D2 24 -0.26487E-11 50

0.52294E 02 25 0.0 29 0.57264F 02 25 -0.10807E-09 64

0.52839€ G2 26 t.0 28 0.52839E 02 26 -D.10704E-10 a7 o v
B.52912E D2 27 9.0 27 0.52912E 02 27 -0.244826-08 i3 w
0.55803F 02 23 6.0 26 G.55803E 02 28 ~0.22969E~09 43 E ;
0.11957E 02 34 ~0.22635E~-06 2 0.11857E 02 34 0.18322E-08 35

£.12448E 02 5 0.17284E-07 12 0.12444E 02 5 -0.31422E-09 42 Et’
0.16801E 02 36 0.82437E-07 5 D.16801E 02 36 0.73406E-07 8 =
6.17309E 02 37 ~0.19798E~07 11 0.17309E D2 37 —0.54546E-08 28 =g
#.20952E 032 38 ~0.33643E-06 1 D.20952€ 02 38 0.32792E-07 11 .
0.218728 D2 39 0.20117E-06 3 0.23872€ D2 29 -0.12506E~06 5 ~ B
0.27020E D3 40 ~0.21345E-08 19 0.27020E 02 40 ~0.,23956E-D7 17 = =
0.29155€ 02 41 0.35940E~03 17 0.29155E 02 41 0.85B5BE-06 24 £ 5,
0.39648E 02 42 ~0.25697E-03 18 . #.30048E 02 42 -0.35660E~08 30 e I
0.30800E 02 . &3 ~0.43690E~10 24 ¥.30800E 02 43 ~0.235538-07 18 . -
0.31635E 02 “q 0.56345E=07 8 0.31635E 02 44 -0.26B76E-07 16 7 o
0.32753E 02 45 0.67274E-00 22 0.32753E 02 45 0.31941E-08 31 =
0.33123E 02 46 ~0.14598E-08 20 0.33123E 02 46 0.79403E-0D8 25 .
D.36920€ 02 47 0.74162E-08 14 D.36920E D2 4y 0.53265E-08 25 v
0.37883E 02 48 0.67779E-07 7 D.37888€ 02 48 0,27112E-07 15 =
0.36871E 02 49 0.62395E-08 15 0.38871F 02 49 D.20451E-08 34 L
0.45468E 02 50 0.12455E-06 & U.43668E 02 50 0.16472E-07 20

0.45841E 02 51 0.94827E~08 13 0.45841F g2 51 0.370695-07 10

0.51102E 02 52 ~0.54911E~07 10 0.51102E 02 52 0.68040E-0B 26

0.52131E 02 53 0.16300C-10 25 . 0.52131F 02 53 0.301206-1) 49

C.52227E 02 56 ~0.11886E-08 21 0.52227C 02 54 0.634628=11 48

G.57475E 02 55 0.15563E-09 23 0.59475E 02 55 B.162646E-10 46

0.65748 02 56 0.56158E-07 2 G.4074BE 02 56 0.16541E-08 37

0.635135E 02 57 ~0.78209E-07 0.65135E 02 57 -0.112809E-08 i

[
0.67311E 02 58 ~0.48973E-08 14 0.67311E 02 53 0.)11341E-08 40



Gl

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0,17525¢
0.18133¢
0.19570F
0D.22939E
0.25796E
D.28702E
0,28944E
D.30096E
D.31603E
D.32384E
D.32729E
0.34336C
0.36578E
0.38611E
B.33816E
D,419214E
0.658225E
0D.49320E
9.51462€E
D.52124E
0522441
0.5283%9E
0.52912E
0.55803E
0.11957E
0,126%6E
0.148018
0,17309E
0.20952E
0.23872E
0.27Q20E
0.29155E
0.30048E
0.30800E
0.31635E
0.32753¢
0.33123E
B.35920€
0.373B8E
0.38B71€E
0.43468E
0,45841E
0.51102E
0,52131E
0.52227E
0.55475E
0.60748E
0.6%135E
0.67311E

0z
02
e
02
02
02
a2
02
oz
02
02
02
gz
(13
02
02
02
0z
0z
¥4
o2
oz
o2
o2
'H
gz
g2
gz
[oF4
g2
02
02
az
0z
02
02
02
o2
o0z
02
6z
4
g2
02
02
02
[
o2
02
02

HOPBE No.

a7

RESPONSE FRDH =

COEFFICTENT
-0.33744E~0D8
=0.15262E-09

0.20664E-07

B.51512E~69

0.29552E~06

=0.210160-06

0.32612E-09
~0,.2926BE-08
~0.81263E-08
~0,17297E~09
~0.62427C-67
~0.562687E-08
~0.63378E-09
0.49166E=08
0.42030E~09
0.33696E-07
-0.30142E-07
~0.16311E-07
~0.593956~09
~0.15106E-10
~0.43020E~11
~0.64824E-10
~D.55874E-11
-0.10759E-08
~0.819468~10
~0.65735E~08
0.58541E~09
-0.90791E~08
0.11191C~08
0.29278E-07
~0.35429E-07
-0.69810E~08
0.23474E—08
~0.1136AE-D9
-0.573248-08
-0.484%4E-08
0.92950E-0%
D.24084E~08
0.174326-08
0.81990E-08
0.325186-09
~0.41070E-0D8
6.27325E-07
0.69844E-00
0,27853E-11
-§.54982E-10
0.24185E~10
0.696%2E~08
-0.24799%E~-07
-0.21178E~08

9015

RANK
13
41
10
36

1

2
g
25
15
40

3
2l
33
23
37

5

6
Il
34
47
69
44
48
3
43
20
35
12
30

7

4
17
27
42
22
19
32
26
29
14
39
24

8
16
50
45
46
18

9
28

INPUT FRDM = 140391

RATE COEFFIGIENTS.

FREQUENCY

0.13764E
0.17525E
0.18133E
0,19370E
0.22939E
0.257926E
0.2B702E
0.28944E
0.30096E
0.31603E
0.32384E
0D.32729E
34836E
.36578E
W38611E
.38819E
L41914E
+AGBZ25E
VG9330E
.51462E
L53124E
L522a4E
0.52832E
0.52%12E
0.55803E
0.11957E
V12446€
.14B01E
17307E
L 20952E
.23872EC
.27020E
.29155¢E
+30048E
. 30800k
+31635E
327536
.33123E
L369208
+378B3E
«38471E
JA346BE
JABBGLE
+51102E
.52131E
0.52227E
0,5%%75E
0.4074BE
6.65135€
B.67311€E

oooCoDoo0

o

OCoOQOoOoCOoLRLoOoOLDODDOo O

02
0z
02
jtF]
[
02z
o2
02
[ 1}
o2
ez
02
02
02
02
o0z
g2
02
02
02
02
02
02
D2
02
02
02
02
02
0z
062
02
02
02
02
0z
02
0z
n2
o2
02
02
o2
02
02
a2
g2
02
0z
oz

MODE HNO,

RESPONSE FRDM =

CODEFFICIENT
0.33577€~-08
0.68909E-D7
0.48296E-D7
-0.12350E-07
-0.2004%E-08
0.32093E-08
0.75382E~09
0.69267E-09
=0.721%6E-03
=N.18656E-08
0.374176=07
0.26647E-08
-0,24417C-08
0.16285E-08
0,22951E-08
-0,17813L~07
-0.25400E-07
~0,21946E-08
0.15136E-10
~0,44188E-10
0,48816E~-12
=0,28072E-09
~0.71972E-11
0.37290E-0%
0,10324E-10
0.28563E~09
-0.10899E-08
=0.14230E-08
0.4939%9E-08
~0.97309E~06&
-0.49943E-~07
0,35711E-07
0.39945E-D8
-0,10859E-0%
=0.13698E-0Y
0.16783E-08
B.66%92%9E~09
~0,13557E-D4
=0.36485E-08
0,B0031E-08
0,59759E-09
0,21235E~08
0,1994%E~D7
0,19696E~09
=0.78587E~11
0.355664E-11
=0.94923E~10
-0,72023E-08
0,60970E~08
-0,15860E~07

5016

RANK

20

1

3
1o
26
12
33
34
14
27

4
21
22
29
23

8

[
24
45
4%
50
39
43
37
(13
38
32
30
17
11

2

5
18
42
41
28
35
31
19
12
56
25

7
40
47
4%
43
15
16

2

INPUT FRDM = 1403%)



9zl

RATE COEFFICIENTS.

FREQUENCY

D.13764E
D.}7525E
0.18133¢
0.19370E
0.22939E
0.25794€
0,28702€E
0.2B944E
0.30096E
D.315603E
0.32304E
0.32729E
0.34836E
0.36578E
0.38611E
0.38819E
0.41914E
0.48225E
0.49330E
0.51962E
0.52124E
0.52244E
1+.52839E
0.52912E
0.55803E
0.11957E
0.12446E
Ho16RDIF
0.1730%E
0.20952E
0.23872E
0.27020E
0.29155E
0.30048E
0.,30800E
0.31635E
0.32753E
0.33123E
0.36920E
0.378L8E
0.38871E
0.43468E
0.45841E
0.51102E
0.52131E
0.52227E
0.59475E
0.60743E
0.65135E
D.67311E

02
02
b2
0z
02
02
02
02
o2
02
0g
ne
D2
az
02
oz
02
o2
02
o2
a2
02
o2
o2
oz
0z
oz
nz2
o2
02
0z
02
02
a2
02
o2
[+
o2
o2
[+
02
0z
02
02
0z
n2
02
p2
gz
02

HODE NO.

RESPONSE FRIM =

COEFFICIENT
~0,10583€-08
~D.81293E-10
-D.10175€~08

0.18371E-09%
~0.41204E-08

0.64891E-U9
-0.21627E-09
~0.12462E-10
-0.30349E-09
6.73633E-11
-0.276E1E-08
~0.13328E-09
0.43712E-11
0.21448E-08
0.41278E-08
0.49634E-08
0.66472E-08
~0,28995E-08
-0.20917€-09
0.48360L-11
~0.80878E-13
-0, 51593E-11
0.50317E-12
0.76591E-09
-0.19004E-10
-0.3329BE-07
0.30464E-08
0,24236C-06
0.39411E-07
=0.46280E-07
0.50150E-06
0.78443E-07
0.45076E-07
0,29380E-07
0.44072E-05
0.23997E-06
“D.495%0E-D8

=0.32528E~07

-0.49482€E~07
~0.1534568-06
-0.10015£-07
-0,10930E-04
-0.29399E-06
~0,17053E~06
-0.21573E-10
D.5735BE-10
0.49277E~11
0.250256-07
0,24236E-08
-0.12898E-07

9014

RANK
30
39
31
37
23
33
35
43
34
44
27
38
4B
29
24
22
20
26
3%
47
L:11]
45
47
32
4z
15
25

]
13
18

1

?
12
14

2

5
21
16
11

[
19

8

3

7
41
40
45
17
28
18

INPUT FRDH =

140392

RATE COEFFICIENTS.

REQUENCY

B.13764L
0.17525E
0,18133L
0.19370¢E
0.22939E
0.25796¢€
0.28702E
0.28944E
0.30096E
0.31603E
0.32384E
0.32729E
0.34836E
0.36578E
0.3B611E
D,3BE1%E
0.4)914E
0.48228¢E
0.4933DE
0.5)1462E
0.52124¢
0.82244E
D.52839¢
0.52912E
D.55803C
0,11957E
0.1244G6E
0.,16801E
0.17309E
D.20952E
0.23872€
0.27024E
0.29155E
0.,30048E
0.30800E
0.,31435E
0.32753C
0.33123E
0.36920E
0.378338€
0.36871¢
0.43468E
0.45841E
0.51102€
0,52131€C
0,52227E
0.59%475E
0.60748E
0.65135E
0.67311C

0z
02
02
02
oz
o2
[LF
02
02
a2
02
g2
02
B2
02
02
02
02
02
02
b2
02
B2
02
ne
02
02
02
02
D2
oz
02
02
02
02
a2
02
o2
oz
0z
D2
02
b2
02
02
a2
D2
02
02
02

HODE ND.

RESPONSE FRDH =

COEFFICTENT

' §.22482E-10

0.42266E-12
0,.24030E-10
-0.31632E-11
=0.12420E=08
0.47041E~09
0.68592E-1)
-0.59265E~-11
=0.10560E-07Y
0.,26764E-11
-0.83985E6-0%
-0.72513E~-10
0.90734E-12
0.68563E-09
0.,97694E~09
0.54115E~08
=0,26593E~08
-0.99202E~09
-0.106%6E=-0%
0.16727E~1]
-0.13136E-12
~0,30949E-1]
0.24124E~12
0.33661E~09
-0.67800C-11
0,11907E~Dé6
~0.56755E-08
~0.,299746E-07
~0.77997E~-08
~0.59178E~07
0.14058E~-06
D.228596-07
0,12324E-07
0.1247%E-D8
0.10728E-06
0.461312E-07
~0.14431E-08
-0.,9%571E~-08
-0.16188E-07
~0.55810€~-07
-0.15924E-08
D.27253E-07
-0.21671E-D4¢
-0.17505E-06
~0.19248E~10
-0.,49710E-0%
0.,83653E-11
0.105346E-06
0.5¢897E-07
0.24087E-07

901%

RANK

37
48
35
43
25
31
40
42
14
45
23
15
4y
29
27
20
21
24
33
46
50
44
49
32
41

{'
19
11
16

It

3
14
16
24

5

7
23
17
15

4
22
12

1

z
LT
30
19

¢
10
13

INPUT FRDM = 1403922



Lél

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
0.18133E
0.1%370E
0.22939E
0.25796E
0.28702E
0.23944E
0.30096C
0.31603E
0.32384E
0.32729E
0.34836E
0.3657BE
0.38611E
0.38819C
0.41914E
0.58225E
0.49330E
0.51462E
D.52124E
0.52244E
0.52839E
0.52912E
0.558063E
0.11957E
0.12446E
N EARMLE
0.17309E
0.209562E
0.23872E
0.27020E
0.29155E
0.50048E

+3080DE
0.31635E
0,32753€E
0.33123E
0.36920E
0.37808E
0.38871E
0.43468E
0.45341E
D.51102E
0.52131E
0.52227€E
0.59475E
0.60745E
0.65136E
0.67311E

02
02
02
02
02
02
02
02
0z
02
62
02
a2
02
a2
02
02
02
02
02
02
02
02
02
0z
82
02
n?
02
02
n2
02
82
82
0z
02
02
Dz
02
a2
nz2
02
02
02
g2
o2
[ F]
02
02
o2

MODE NO.

RESPOMEE FRDH =

COEFFICIENT
=0.20141E~11
=0.18983E-09

b.54218E~10

0.75837E-~10

D.864265E~=11
~0.18375€~10

D.)15853E-10

0.164026E-11
-0.938176-10

B,26423E-10

0D.50339E-09

0.30824%E~10

Ih.34956E-11

0.22710€-09

0.53347E-08
-D,.28607€~-038
~0.22409E-08
-0.13347E-0Y
0.27128E~11

0. 51756E~11

0,164906E-13
-D.13402E-10

0.33833E-12
“0.11666E-09
0.85419E~-12
~0.51740E~08
0.10566E-07
-0.46984[~08
-0.314778E-07
k.19668E~07

D,20044E-06
—0.114624E-06

B,20971E~G7

b.11925E~-08

0.25635E-08
-D.14985E-07
~-0.10313E-08

D.56050E-08

D.33881E~07
-0.54477E-07
=0.29266E~03
-0.14091E-07
=-08.15821E-06
~-0.492355-08

0.56285E-10

0.3495¢6E-10
-0.32836L-10
~0.10897E~06
~0.12513E=-07
0,1803BE-06

5016

RANK

42
26
34
12
43
39
40
47
31
EL:]
26
37
45
27
16
21
23
29
46
44
50
41
49
30
48
17
14
19

7
10

1

4

9
24
22
11
25
15

a8

[
20
12

3
18
33
35
36

5
12

2

INPUT FRDM » 140392

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525¢
0.18133E
0.19370%
0.22939€
0.25796E
0.28702€
0.20944E
0.30D9%96E
0.31603E
0.323B4E
D.32729E
0.34836E
0.35578E
D.38611E
0.3881%E
G.41914E
0.43225€
0.4%330E
0.51462E
0.52124E
D.52244E
0.52839E
0.52912E
0.55803E
0.11957E
0.12446E
0.16801E
0.17309%
D.20952E
0.23872E
0.27020E
0.29155E
0.30048E
0.30B800E
0.31635&
0.32753E
0.33123E
0.36920E
0.37883E
0.38871E
0.43468E
R.45841E
6.51102E
0.52131E
0.52227E
0.59475E
N.40748C
0.65135E
0.67311E

1]
02

oz’

o2
o2
D2
o2
02
o2
02
02
02
02
o2
02
02
02
02
02
0z
0z
02
oz
02
02
62
[t}
o2
ne
02
o2
o2
g2
[tk
o2
32
o2
02
02
g2
02
02
'H]
02
02
02
02
02
02
02

MODE NO.

LB o T

10

12
12
14
15
16
17
18
19
20
21
22
23
24
28
26
27
28
34
35
36
37
38
39
40
41
a2
43
44
4%
w6
47
48
49
50
51
52

54
55
56
57
58

RESPONSE FRDM =

COEFFICIENT

w0,66442E~06

-0.48002E-07
-0,20170E-06
0.72227E~-07
~0.792302E-06
0.70178E-07
~0.13118E-07
~0.1152%E~08
-0.15218€~07
0.37949E-09
-0, 10669EC-04
~D.49577E~-08
0.64116E-09
0.93656E-07
0.87123L-07
0.,93229E-07
0.73376E-07
G.26777E=-07
0.85789E-10
0.12727E-07
0.848408~11
0.21926E~09
0,22813E~10
D.63854E-08
0.32871E-07
0.74527E-08
D.14131€-09
-0.24903E-06
~0.3461%E~08
=0.40940E-07
-0, 12679E~D6
~0.1736%E~07
0.38033E-07
0.79902E-038
0.8¢87DE-07
0.68784%E-07
=0,14314E~07
~-0,28173E-07
~0.,33363E~08
-D.4422BE-07
=0.44523E-08
~0.33105E-07
=0, 34384E-07
0.7799%94E~08
~0.13675E-1)
~0,11178E-10
0.64531E-11
D.74680E-08
-0.15329€-10

~0.47031E-08

9014

RANK

2
15

4
12

1
13
27
39
25
41

&
14
40

7

7

8
11
23
44
28
48
a2
45
33
21
32
43

3
37
17

5
24
18
29
10
14
26
22
35
16
36
20
19
30
50
47
49
31
46
33

INPUT FRDM = 140393



82l

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
0.18133€
0.19370E
0.22939E
0.257%6¢2
0.28702E
0.28944E
0.30096E
0.314D3E
0.32384E
0.32729E
0.34834E
0.36578E
0.38611E
0.38819E
0.4Y514E
0.48225E
0.49330E
0.51462E
0.52124E
0.522494E
G.52B39€
G.52912€E
0,55803¢E

_0.11957E

0.12446E
0.16801€
0.17309E
0.20952E
t.23872E
0.27020E
0.29155¢8
0.30048E
0.30800E
D.31635E
0.32763E
6.33123E
0.35920E
¢.37808E
0.38671E
0.43668E
0.45841E
0.51102€
0.52131E
0.52227E
0.59475E
0.60748E
0.65135C
0.67311E

02
0z
02
az
0z
a2
02
02
02
02
o0z
o2
o2
02
[+
a2
o2
[
a2
oz
a2
0z
Dz
0z
02
0z
n2
02
n2
n2
02
02
02
02
02
02
02
0z
02
02
02
02
02
02
02
02
02
02
02
0z

HODE NO.

RESPONSE FHDH =

COEFFICIENT
0.14114€~07
0.24957E-09
0.47635E~08
-0,12436E~08
-0.23058E~06
0.50873E-07
0.41606E~09
-0.56828E-09
~0,52953E~08
0.12763E~0%
~0,323708-07
-0.2599CE-03
0.13309E-0%
0.29940E-07
0.20620E-07
0,10206E-06
-0,29354E-07
0.91612E-08
0.43663E~10
0.44547€-08
0.137808-10
0.13152E-0%
G.11844E-10
¢.27624L~-08
0.11620E~07
“0.26650E-07
-0, 25326E-09
0.30801E~-07
B.68513E~07
=0.36E53E~07
=0.,35500E~07
-0.50615C-08
D.10399E-07
0,25320E~-09
0.21144E-07
B.17817E-07
-0.4)1655E-08
-0.835472E~08
-0.10914E-08
~0.1375E-07
-0.70788E-D9
0.82543E-038
-0.25346E-07
0.80062E-08
~0.10645E~11
0.96B71E-10
0.14351C~10
0.32284E-07
=-0.32192E-09
0.37829E-08

9018

RANK
16
41
27
32

1

3
37
34
25
44

6
31
42

9
14

2
10
2o
46
2a
48
43
49
30
18
11
39

8
35

4

5
26
19
40
13
15
29
22
13
17
34
23
12
24
50
45
47

7
1a
21

INPUT FROM = 140393

RATE COEFFICIENTS.

FREQUENCY

0. 137648
8.17525¢%
0.18133F
0.193708
0.2293%9¢
0.25796E
0.287028
0.289445
D.300964E
0.31403%
0.32384E
0.32729€E
0.34834E
0.36578E
0.358611¢€
0.38819C
0.41914E
0.48225E
0.49330E
0.51462E
0.52124E
0.52244E
0.52839€E
0.52912E
0¢.55803E
G.11957E
0.12446E
C.16801E
C.17309E
0.20952E
0,23872E
0.27020EF
0.2%)155E
0.30048E
0.30800E
0.31635E
B.32753E
0.33123E
0.,36920E
0.37388¢
D.33871E
0.,43768E
0.45841¢&
b.51102%
0.52131E
0.52227¢&
0.59475¢%
0.60748E
0.45135E
0,67311E

02
0z
o2
02
02
02
0z
02
02
02
Dz
oz
0z
L]
0z
02
02
02
02
02
02
nz
02
02
02
0z
0z
0z
02
02
o2
02
02
02
Q2
02
02
oz
02
02
o2
pz
oz
ae
02
[LH
o2
b2
o2
LI

MODE NOD,

RESPONSE FRDM =

COEFFICIENT
~0.56590E-08
-0.11209E-04

0,11144E~07

0.29816E-07
0.16186E-D3
-0.19872E-08
0.96170E-0?
0.12%746E=-09
=0.47665E-08
0.13618E-08
0.19402E-07
0.11051E-D8

D.51272E-D?

0.99169E~-08

D.21260%-06
-0.53952C-07
-0.24736E-07

G.12326E-08
~0.11127E~11

0.13621E-07
-0.15636E-11

0.56954E~0%
0.15339E-10
~0.95738E~09
~0.14640E~D8
0.11580E-08
0.49013E-0%
0.482760E-08
0,305649E-08
0.12149E-07
~0.506)15E~07
0.25692E~07

D.17695E~07

D.241%95E-09

0.50522E-09
-0.42953C-038
~0.29767E~08

0.48113E-08
0,228640~08
=~0.13058E-D7
-0.13010E-08
~0.42679E~08
-0.18504L-07
0.22520E-09
0.35679E~11
-0.50120E-11
~-0.56327C-10
-0.33368E-07
0.7%2650-10
0D.657728-07

9016

RANK

18

2
16

7
28
27
35
43
21
in
10
34
38
17

1

4

g
32
50
13
49
37
46
36
29
33
40
19
24
15

5

8
12
41
39
22
25
20
26
14
31
23
11
42
438
¥
45

44

INPUT FRDM = 140393



6cl

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
0.18133E
0.19370E
0.727939E
0.25796E
0.28702E
D.28%64E
0.39094E
0.31603E
0.32384E
0.32729E
0.34836€
0.36578E
0.38611E
0.38819€
0.41914E
0.48225E
0.49330E
0.514G62E
0.52124E
0.52244E
0.52839E
0.52912€E
0.55803E
0.11957E
0.12446E
D.I4EOLE
0.17309E
0.29952E
0.23872E
0.27020E
0.29155E
0.300488
0.30800E
0.31635E
0.327853C
0.33123E
0.36920E
0.37888E
0.3687IE
0.43468E
0.458401E
0.51102E
D.52131E
©t.52227€
0.59475E
0.60748E
0.65135€E
0.67311E

o2
oz
62
a2
02
o2
0z
o2
02
o2
02
02
02
oz
n2
02
02
02
02
o2
02
62
o2
02
02
o2
o2
o2
a2
02
n2
0z
nz
02
o2
02
02
0z
g2
02
02
02
o2
o2
o2
02
02
o2
0z
oz

MODE HO,

RESPONSE FRDW =

COEFFICIENT
t,31798E~-06
6.29333E-07
~-0.30856E-06
-0,27290E-07
0.103583E-0F
-0.29489E-06
-0.10971E~-07
-0.AT136E-0D
~0,18643E-D7
-0.145G08-0%
=0.14927E-06
-0.73196E-08B
~9.,21)77E~0B
0.94974E~08
0.11439E~D8
-0.11108E-07
0.14%77E=-06
-0.90759E-07
-0.25137E-08B
0.15264E-10
-0.956732E-11
~0.70166E-10
~0.34696E-1)
-0.22709E-09
0,57032E-10
0.86774C-08
-0.90830E-0%
0.64549E-07
-0.43639E-08
0.52311&5-07
-0.13072E-06
-3.22587E-07
2.74473C~08
-0.32589E-08
~0.19274E-07
~-0.,19600C-07
0.23775E~08
0.56772E~0D8
0,34891E-08
B.182B0E-07
0.17008E-08
B.35453E-07
-0.304046E~07
D.10709E-07
0.23851E-11
-0.14178E-09
0.19541E-11
0.19439E-08
0.73500E-08
~0.34849E-09

9024

RANK

2
13

2
14

1

4
21
29
18
G2

[
27
35
23
38
20

5

3
33
46
a7
G4
48
41
45
24
39

9
30
10

7
15
25
32
17
16
34
28
31
19
37
11
12
22
49
4%
50
36
26
40

INPUT FRDY = 140391

RATE COEFFIGIENTS.

FREQUENCY

0. 13754E
0.17525E
0.18133E
0.19370E
¢.22939E
0.25794E
0.28702E
0.23944E
0,30096E
0.31603E
0.32384E
0,32729E
0.34834E
0.36578E
0,38611E
0.38819E
0.41714E
0.48225¢E
0.69330E
0.51442E
0.52124E
0.52244E
0.5283%E
0.52912E
0.55803E
0D.119%957E
0.124456E
0.16801E
0.17309E
0.20952E
0.23872E
0.27020E
0.2%155E
0,30048E
0.30300E
0.31635E
0.32753C
0.33123E
D.36920E
0,37888E
0,38871E
D.43468E
0.45841E
0.51102E
0.,52131E
0.52227E
0.59475E
0.6074GE
0.65135E
0.67311E

02
o2
02
02
a2
02
o2
02
o2
oz
02
o2
02
02
02
02
a2
nz
02
oz
0z
02
0z
02z
g2
oz

oz.

02
0z
02
a2
[1F4
02
0z
02
02
02
L4
02
o2
D2
o2
D02
o2
b2
02
02
02
a2
02z

MODE HNO.

RESPONSE FRDM =

COEFFICIENT
0.14769E-06

~0.51706E-0B-

0.27285E-08
~0.66316E~09
~0.35870E-06
D.16774E-96
~0.59503E-08
0.24610C-08
0.309B4E-03
D,248210-09
0.21952E-07
D,28904E-08
-0.11093E-10
-0.67760E-09
D.65864E-10
~0.20913E-07
0.56836E-07
-0.295506-07
~0.83971E-0%
0,58276E-11
~0.37079E-11
-0.27289%9E~10
=0.14586E-11
-0.12435E-09
D.643810-11
-D.13797E-07
D.I265656-08
0.163822E-07
-0.24054E-00
-0.46840E-07
D.307)19E-07
D.25652E-08
-0.64575E-09
~0.92334E-10
0.20960E-08
0.498%6E-086
-0.328%2E-07
-0.95915E~-6¢
-0.33360&-10
0.38095E~09
0.23264E-09
0.11030E-07
~0.13486E-07
0.43902€-08
0.11514E~L1
~4.57530L~10
0.71615E-11
0.24718E-03
-0.64727E-08
-0.72095E-09

9025

RANK

3
16
21
32

1

4
15
24
19
36

i
20
44
31
41

9

4

7
29
&7
48
43
%9
38
46
1)
27
10
28

5

[
2z
33
39
26
17
35
28
40
34
37
13
12
18
50
42
45
23
14
30

INPUT FRDM = 140391



el

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
0.18133E
0.19370E
0,2291%E
0.25796E
0.28702E
0,28944E
0,300%4E
0.31603E
D.32384E
D.32729E
0.14836E
D.16E578E
0,38611€
0.38819E
0.41914E
0.48225E
0.49330E
0.51462E
D.52124¢E
0.52244E
0.52839E
0.52912E
0D.55503E
0.11357E
0,12446F
0.16801L
0.17309E
0.20952E
0.23872E
0,270Z0E
0.29155E
0.30045C
0.30300E
0,31&635¢C
0.32753€
0.33123E
0.36920E
0,37888C
0.35371F
0.43443E
0,45841E
D.51102€E
0.52131E
0.52227E
0.5%475E
D.40743E
0.45135E
0.47311%

0z
62
0z
o2
02
i¥]
02
[}
0z
oz
02
02
02
0z
o2
o2
0z
a2
a2
a2
o2
oz
o2
oz
o2
02
n2
02
02
02
0z
02
o2
0z
02
02
o2
o2
02
02
02
02
02
02
02
02
02
o2
02
02

HMODE NO.

RESPONSE FRDH =

COEFFICIENT
~0.15520E-08
-0.40406E~-07
-0.74569E-07

D.6473564E-07

0.43095E-07

0.15484E-07
~0.37682E-08
-0.33272E-08
~0.82213E-08
~0.37%23E-08

D.24492E-D7

0.17709E-0D8
-0,158%96E~08

B.16366E-08

D.1p0586C~08
“0.50882E-00
~0.70575C-08
~0.2166%E~03

D.67670E~10
~B.1B716E-09

D.19029E-11
—-0.10424E~09

b.231049E-11

B.164%0E-D8

D.42042E~10
-0.10%14E-C3
-0.15342E-07

D.48335E-09

0D.29037E-08

D.15586E-08

D.28530E~07
-0,19889E-07
-0.24984E-08

D.12631E-09

D.26731E-09

0.3113%9E-08
-D.22871E-07

0.16660E-00
0.12477E-07
~D.965HE-0D8
~0.36952€-09
0.756063E-09

D.25655E-08
-0.10505L-09
-D.4%5692E-11

b.29306E-12
-0, 32701E-10
-0.17322E-08

0.19312E-08
~b.94261E-08

9026

RANK

3z

4

1

2

3

a
14
18
12
17

6
25
3o
2?
34
14
13
23
44
40
49
43
A8
28
45
33

9
Jé
20
31

5

7
22
41
38
19
39
27
10
11
37
35
21
62
a7
50
46
26
24
15

INPUT FRDHM = 140391

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0,17525E
0.18133E
0,19370E
0.22939E
0.25796E
0.28702E
0.28964E
0,30096E
0.31603E
0.32384E
D.32729E
0.34834E
0.36078E
0.38611E
0.38819¢C
0.41914E
0.48225E
0.49330E
0.51462E
0.52124E
0.52244E
D.52339E
0.52912&
0.55803E
0.11957&
0.12446E
D.16B601E
0.17309E
0.,209528
0.23872E
0, 27020E
0.29155€
§.30048E
0.30300&
0.31635E
0.32753€
0.33123E
0.36920E
0.37888C
0.38871E
0.4346BE
0.45841E
0.51102€E
0.52131E
0.52227E
0,.59475E
0.60746E
0,65135E
0.67311E

02
0z
02
02
na
0z
02
0z
0z
oz
n2
0z
0z
oz
02
02
o2
0z
0z
(1
az
02
o2
g2
02
02

02 -

62
n2
B2
e
02
oz
n2
¥4
02
oz
oz
02
0z
o2
0z
o2
a2
¢2
a2
oz
o2
a2
a2

HODE NO.

I R - T

10

12
13
14
15
14
17
la
1%
20
21
22
23
24
25
26
27
28
34
35
36
37
38
39
40
41
42
43
44
45
46
a1
48
49
50
51
52
53
54
53
56
57
58

RESPONSE FRDM =

COEFFICIENT
~0.85365E~09
-0.8E339E-10
~0.94152E-09

0.%156758E-D9
-0.43638E-08

0.66006E~D9
~0.,23074E-079
=0.95450£=-11
~0.24227E-09

0.2075%E-11
~0.20082E-08
~0.8G671E-10

B.30313E=]11

0.13244E-038

0.24704E-DB
-0.17839E-03

0,132148~07
~0.55199E-08
=0.45054E-09
-0.18224E-11
-0.29537E-12
~0.33493E~11

G.16310E-12

0.71046E-10

0.47187E-11
=0.15718E~06
0.83108E-08
t.21312E-06
0.304135E~07
-0.10573E-04
G.52545E-06
0.73961E-07
0.39097E~07
0.3570CE-07
0.36071E-06
0,.17500E~04
-0.36912E-08
-0.23471E-07
=0.32400E-07
=0 120430006
~0.832%2E~08
~0.23526E=06

D.24146E=-D6
~0.26840E-06
-0.17083E~10
-0.12818E-08

0.67571E~12

0.2%409E=-07
-0.E5038E-07
0.39635E-08

7024

RANK
32
39
31
37
23
33
kY
452
35
46
27
38
45
29
26
28
19
22
34
47
459
44
50
40
43

4]
20
[
15
10
1
11
12
13
2
7
25
17
14
9
21
]
3
3
41
30
48
16
18
Ré

INPUT FRDH = 1403922



et

EATE COEFFICIENTS,

FREQUENCY

0.13764E
0.17525€
D.18133E
0.19370E
0.2293%E
b.25796E
0.287028
0.23%44&
0.30096E
D.31603E
0.,32384E
0.32729E
0.34830E
0.365738
0.33611E
0.38381%&
D.419514E
0.aB225E
0.49330E
B0.5]1442E
0.52124E
0.52244E
0.52839E
0.52912¢€
0.55803E
0.11957¢
0.12445E
0.16B01E
0.17309E
.20952E
0.23872E
9.27020E
0.29155E
k.30048E
0.30B800E
0.31435E
0.32753E
G.33123E
0.36920E
0.3788L¢E
0.3587)E
0.43468E
0.45801E
0.51102E
0.52131E
0.52227E
0.59475E
0.60748E
8,65135E
0.67311E

o2
gz
02
az
nz
o2
02
az
02
0z
b2
02
02
b2
0z
b2
ne
02
02
ik
02
0z
02
62
02
62
02
n2
02
oz
a2
oz
nz
gz
174
02
oz
0z
o2
02
02
oz
oz
0z
02
a2
02
oz
o2
D2

HMODE NO.

54

58

RESPONSE FRDH =

COEFFICIENT
=0.39650E~09
0,14338E-10
0.31760E-11
0.40722E-11
0.15076E-08
~0.37545E-09
=0.12515E-~09
0,49834E-11
0.40266E-10
“0,35536E=-11
D.29533E-09
0.33435E-10
0.15B81E~13
=0.9446493E-10
0,15309E~-09
=0.33593E~08
0.50144E-08
=0.179722-08
~0.15051E-0%9
-0.65300E-12
-0.11322E-12
~0.130238-11
0.68569E-~13
0,38903E-10
0.53681E=12
D.24992E-06
-0.12279E-07
0.55539E-07
0D,16765E~07
0,54674E-07
~0,1232%E-0¢6
~0.83996E-08
~0.32902E-08
0.10140E-08
=0.39227E~07
~0.445518-07
6.51066E-09
0.39654E-03
0,77410E~-DY9
=0.2593FE~0DB
=0.11393C-~08
~0.73187E-07
0.106%6E=-06
~0.110030~08
~0.,82463E=11
-0.52013G-09
0.26771C-11
0.37397:-07
0.13264E~07
0.81995C~08

%025

RANK

28
38
413
4]
22
29
33
60
35
42
340
37
510
34
31
19
16
21
3z
46
48
45
49
36
7

1
13

7
11

5

2
14
18
21

9

8
27
17
23
20
23

[

4

3
39
26
44
10
12
15

INPUT FRDM =~ 140392

RATE COEFFICIENTS,

FREQUENCY

0.13764E
D,17525E
0.18133E
0.19370E
T.22939€
3.25794F
7.2870ZE
0.28944E
8.300948
D.316038
0.32384E
9:32729¢
0.34836E
0.36575E
9.38611E
D.28819€
0.41914E
0.48225¢
0.49330C
D.5L462E
9.52124E
D.52244E
0.52839F
0.52912E
0.55803E
8.11957F
0.12446E
C.16801E
C.17309E
C.20952E
0.23872C
0.27020E
0.29155E
0.30048[
0.30200E
0.31635€E
0.32753E
0.33123E
0.36920E
0.37a88C
0.38871€
0.63468E
0.438418
0.501E2E
0.52131E
0.52227E
0.59475E
0.60748E
0.65135E
@.67311C

52
o2
02
n2
na2

o2’

o2
o2
g2
oz
02
gz
'F
02
02
02
D2
n2
oz
02
02
oz
02
[*F4
0z
02
02
02
02
02
o2
1Y
02
oz
02
a2
02
02
oz
02
02
oz
02
02
02
02
g2
a2
0z
02

HODE HO.

43

RESPONSE FRDM =

COEFFICIENT
0.41666E~11
0.,11205E~-0%
~0.86799E-1D
=0.29078E~-09
“0.18112E-09
=0.34658E-]10
=0,792255E-10
=0,673730-11
~-0.10683E-0%
0.53579E~10
0,32950E-09
0.20485E~10
0.22757C-11
0.22823E-09
0.24605E-08
=0.81715C-09
~0.,62265E~D9
=0.1317%E~09
0.12129E~-10
0.20972E~10
0.58106E~13
=0.49764E=-11
=0.108561E~12
=0.51434C-09
0.34704E-11
0.197G63E-07
0.14874E-046
0.15959€-08
~0.20238E-07
~0.31503E-08
~0.11448E-06
0.65127E~07
=0.13117E-07
-0.19362E-08
~0.45232E-08
-0.27803E-07
0.35507E-D%
-0.6B8BE0E-02
—0.11586E-06
0.657530-07
0.18097E-038
-0.50473E-08
~0,20347E-07
0,26327L-08
0.32725E-10
0. 26948E-11
=0.11311E~10
~0.26206E-07
=0.39634E~08
D.50339E-07

9024

RANK

45
32
34
28
30
37
35
43
33
16
27
)
48
29
19
23
24
31
41
39
50
44
a9
25
46
11

1
22
10
17

3

5
12
20
15

7
26
13

2

4
21
14

9
18
38
57
52

8
16

6

INPUT FRDN = 140392

£
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el

RATE COEFFICIENTS.

FREQUENCY

D.137644E
D.17525E
0.18133€
0.19376E
0.2%2939E
D.25796E
D.28702E
0.289448
D.ID09GE
D.2Ls03E
0.32384E
0.327329€
0.34836E
0,.346573E
0,38611E
0.38819E
D.41914E
0.48225¢E
0.693308
0.51442€
0,52124E
D.52244E
0.52831%€
0.52912E
0.55803E
0.11957&
0,12446E
0.26501€
0.17309E
0.20952E
G.23872€
0.27020E
0.2%155E
0.30068C
0.3080DE
4.31635¢8
0,3275838
0.33123€
0.34920E
0.378885TC
0.38G671E
0.43460F
D.45841E
0.51102E
g.52131E
0.52227F
0.59475E
0.60748E
0.65135E
0.67351E

02
0z
g2
oz
0z
02
02
o2
i}
02
02
02
02
0z
[
02
n2
62
o2
02
D2
02
62
0z
0z
02
02
0z
02
02
02
o2
02
o2
02
g2
02z
02
02
02
02
02z
D2
02
g2
02
02
nz
02
02

MODE NO.

-
= RN T

11
12
13
14
15
16
17
1§
13
20
21
22
23
24
235
26
27
28
34
35
EXY
37
38
59
40
41
42
43
a4
G5
44
67
48
49
50
51
52
53
54
55
56
57

58

RESPONSE FRDM =

COEFFICEENT
-0.535%2€~06
=0.40029E-Q7
~0.18664E-06

0.65B83E-07
-0.83324E~06

0.71333E-07
~0.13996E=-07
=0.B68304E-09%
=0.12148E-07

0.10699E-09
=0.77401E~07
-0.30357E~-98

0.444706-09

0,57815E-07

0,56343E~-07
~0,33643E-07

B.14586E-D§

0.50%76E~07

0.18479E-07
=0.47941E-08
0.30984E-10

B.14236E=-0Y

0.73%44E-11]

0,58303E-09
=0.805875E-08
0.35180E-07
0.40870E~-09
~0.21898E-06
-0,2¢717E-08
-0.65308E-07
=0.13269L~0¢
—0.16376E-07
0.32990E-07
0.72612E-038
0,710%90E-07
0.50161C~07
-0.10655E-07
=0,20148E-07
-0,21844E-038
=0.298215-07
=0.37027E-08
=40, 7t255€~-07
0,28240E-07
0,12276E-07
=0,)0829E~11
0.24920C-09
0,11595E-11

4.901126-08

0.956411E~10

0.144%52E~08

7024

RAHK

2
17

&5
11

1

&
25
38
27
45

7
34
40
13
14
19

5
15
%3
iz
47
44
48
39
30
18
(3%

3
35
12

[
z4a
20
31
10
14
28
23
36
21
33

9
22
26
50
62
49
29
46
37

INPUT FRDH = 140393

RATE COEFFIGCIENTS,

FREQUENCY
0.13764E 02
0.175z5& 02
0.18133€ 02
0.1%370E 02
0.22939%E 02
D.25794E 02
0.237¢02€C 02
0.20944E B2
0.30094E 02
0.31603E 02
D.32384E 02
0.32729E 02
0.34836E D2
0.36578E 02
D.358611E D2
0.38819E 02
0.41914E 02
0.48225E 02
0.49330E @2
0.51462E 02
b.52124E 02
C.52249E 02
0.5283%€ 02
D.52%12E 02
0.55003E Q2
0.11757E 02
0.12446E 02
0.1680iE Q2
0.1730%E Q2
0.20952F 02
D.23872C D2
0.27020E 0©2
0.29155€ 02
0.30048E 02
0.30800E 02
B.31535E 02
0.327531E 02
0.33121E 02
0.36720E 02
0.378BEE 02
0.38871C D2
0.43468E 02
0.4584E 02
0.51102E 02
D.52131E.02
D.52227€ 02
B.4%475E 02
0.60748E 62
0.65135C Q2
B.67311E 02

MODE No.

LRIV R T Y

10

12
13
14
15
18
17
13
12
20
1
2z
23
24
25
26
27
28
3%
k3
38
37
ig
39
40
%1
42
43
44
45
LT
47
48
49
50
51
52
53
56
58
56
57
a8

RESPONSE FRDH =

COEFEICIENT
-0.24892E~06
0.84664E-08
0.62957E-09
0.16010E-08
0.289595-06
~0.90604E-07
~0.75913E-08
0.56103E-09
0.20191LE-D8
-0.18315g-09
0.113836-07
0.11937E-08
D.23294E-11
~0.41263E-08
0.323126-08
~0.633556~-07
0.58351E-07
0.16597E~07
0.41729E-18
-0.17185E-08
0.11877E-10
0.55364E-10
0.31087E-11
D.31925E-~-09
~0.92005E-09
~0.55936E-07
~D.54$57E-09
~D.57067E-07
-0.147260-08
0.58478E-07
0.311328-07
0.18599E-08
-0.28606E-08
0.20573F-09
-0.7730%E-08
~0.12770E-07
0.16740E-08
0.34039E-08
D.52193E-10
-0.42145E-09
~0.50649E-69
~0.221676-07
0.125100-07
0.50324E~-0p
-D.52273c~12
0.}0136C-09
D.524904E-212
0.116459E-07
~0.34022E=10
0.29899E-08

2025

RANX
2
16
33
28
1
8
1a
37
+ 25
40
15
31
49
20
22
3
7
1l
43
27
44
L1
45
33
32
[
35
5
30
4
9
26
2%
19
17
12
29
21
4§
g
36
10
13
19
59
41
L
14
42
23

INPUT FRDM = 140393


http:0.3001.82

£et

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
D.18133E
0.19270E
0.22239E
0.25796E
0.28702€E
0.267449E
D.30096E
0.31403E
0.32384E
0.32729E
0.34836E
0.36578E
0.38611E
0.38819E
D,461914E
0.48225E
0.49330E
0.51462E
0.52124E
0.52244E
G.52039€
0.52912E
D.,55803E
D.11957E
0.12446E
0.16B01E
0.17309€
0.20952E
0.23872€
D.27020E
B8.29155€C
C.30048E
0.30800E
0.31635E
0.32753E
0.33123E
0.36920E
0.37888E
B.38871E
0.4%468E
0.45841E
p.51102E
0D.52131k
0.52227E
0.359475E
0,60748E
0.65135E
D.67311E

[
02
0z
o2
o2
02
02
0z
g2
62
gz
02
[
g2
0z
02
[tk
gz
02
0z
02
0z
02
0z
0z
oz
g2
02
g2
w2
o2
0z
02
U
oz
az
02
g2
a2
a2
a2
02
az
g2
g2
02
02
02
02
0z

MODE HO.

RESPONSE FRDN =

COEFFICIENT
0.26158E-08
0.66161E-07
-0.,17204E-07
-0.11432E~0D6
=-0.34792E-07
-0.37482E-08
~0.,68074E—-0B
~0.62329E~0°9
-0.53572C0-08
0.27614E-08
0.12700E-07
0.73446E-09
0.333B0E-09
D.99664E~08
0,81%32E-07
~0.15411E~07
-0.68732E-08
G.12171E-08
=0.499746E~11
0.55193E-07
~0.60952E-11
0.21142E-0%9
-0.49240E6-11
«0.42209E-08
-0.59617E-08
-0.54232E-08
0.60993E~-08
~0.16398E-08
0.17777E-03
~D0.19459E~08
D.28907E-07
-0.14420E-07
=0.11068L-07
~0.39255E-09
=0.91214E-0%
~0.796%4E-08
0.10249E-08
~0.59126E-08
~0.78113£~08
0.15758E-07
0.B0a9BE-07
~0.15287¢~08
=0.23797E~08
~0.312042E-09
0.20745E-11
~0.525156~-12
=0.19404E=10
-0.80298E-08
0.2506BE-10
0.183155€-07

G024

RANK

28

2

a

1

5
26
23
37
22
27
12
38
4l
14

4
10
19
14
47

3
46
42
48
25
20
24
18
32
31
g

3
11
13
40
35
14
35
21
17

?
37
13
29
43
49
50
45
15
44

7

INPUT FRDM = 140393

RATE COEFFICILHNTS,

FREQUENCY

D.13764E
0,17525E
0.18133F
0.19370E
D,22939E
0.2E794E
0.28702E
0.23944E
0.30094E
0.31603E
0,32384E
0.3272%E
0.34836E
0.36576E
0.38611E
0.33819%E
0.41914E
0.48225E
¢.49330E
D.53462E
0.52124E
0.522448E
D.528398
0.52912E
0.55803E
0.11957E
0.129%96E
D.16801E
0.1730%9E
0.20952E
0.238728
0.27020E
D,29158E
0.300%8LC
0,30800k
0.31435E
0.32753E
0.33)23C
0.36920F
D.37808E
0.38671E
D.43G68E
G.45841E
0.51102E
0.52131E
0.52227E
0.59475E
0.60768E
0.65135E
0.47311¢

02
0z
02
0z
ua
02
02
02
02
02z
o2
a2
g2
n2
a2
02
02
02
02
02
02
02
02
02
92
0z
02
02
o2
02
02
o2
o2
oz
0z
0z
n2
02
g2
[V F4
az
02
X
oz
oz
G2
02
02
B2
02

‘

RESPONSE FRDM =
MODE NO. COEFFICEENT
L 0.0
5 0.0
[3 0.0
7 0.0
<] 0.0
L4 a.o
10 0.0
11 0.0
12 0.0
13 0.0
14, 0.0
15 0.0
16 0.0
17 0.0
18 .o
1y 0.0
20 0.0
21 0.0
22 0.0
23 0.0
2% 6.0’
25 0.0
2h t.0
27 .o
28 0.0
34 0.26931E-07
" 35 =G,17790E-058
34 ~0.62811E-07
37 0,54263E-08
38 -0,.90140E-07
39 0.166)10E-06
40 0.6981)E-D8
4l G.1146B0E-07
42 -0 ,15603E-03
43 =0.10847E-D7
44 =0.26769E=~07
a5 ~0.,12248E-08
46 =0.25570E-08
47 -0.404669E-08
48 ~0,18294E~07
49 D.E6T787E-08
50 -0.16387E-08
51 ~0.17672€-09
52 -0.12256E~-07
53 0.21150E-11
54 0.53322E-10
55 0.55687E-10
56 0.33866E-D7
7 0.26888E-07
58 ~{.B2021E-08

20044

RAMEK

50
49
48
47
“6
45
4%
43
42
4“1
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26

5
17

3
13
2
1
14
10
20
11
7
21
16
15
-3
1%
1B
22
3
25
24
23
4
[
12

INPUT FRDH = 140391



Vel

RATE COEFFICIENTS.

FREQUENCY

D.13764E
C.17525E
D.18133E
C.19370E
0.22%39¢E
0.25796E
0.28702€

0.28944E"

0.3009¢&€
0.31603E
0.32586E
0,32729E
0,34336E
b, 36578¢
0.3B611E
0,38819E
0.41914E
G,48225€
0,49330FE
0.514962E
80.52124c
0.52204E
0.52E6%9%
0.52912¢&
0.55803E
0119578
0.12444E
G.16301E
0.173098
G.20952E
0.23672E
0.27020E
0.23155E
0.304408E
0.30800E
0.31635E
0.32753€
D.33123E
0,34920E
0.37883E
0,38871¢%
O.43448E
0.45841E
0.51102E
0.52131E
0.52227E
0,59475E
0,60748

0.65135E
0.673118

02
[oF-4
0z
o0z
cz2
gz
g2
0z
oz
o2
02
oz
oz
[tF]
[k
02
02
0z
02
173
02
02
0z
02
02
P ]
oz
a2z
o2
o2
02
a2
0z
02
0z
02
oz
b2
02
hz
oz
o2
oz
02
oz
02
02
G2
02
02

RESPONSE FRDM =
HODE NO. COEFFICIENT

A 0.B2156E-07
5 0.30552E-08
6 0.1992EE~04
7 0.79930E-08
8 BD.20316E~05
9 0.21328E-06 °
10 -0,20314E-04
11 0,4044E~08
12 -0,77017E=-07
13 0.55435E-08
i% ~D.646183E-06
15 -0.24581E-07
16 -0,17946€-08
17 ~0.B3969E-08
18 -0.27512E-08
19 -0,11252E~06
20 -0.50953E-07
21 0.49646E-08
22 0,41562E~06
23 0.20290E~10
24 0.36492E-12
25 0.58230E-10
26 -0.75527€-11
27 -0.36828E-03
28 0.22759E-09
14 0.0

35 0.0

36 0.0

37 0.0

18 0.0

39 0.0

40 0.0

41 0.0

42 0.0

43 0.0

44 0.0

45 0.0

48 n.o

47 0.0

48 0.0

a9 0.0

50 0.0

51 0.0

52 0.0

53 0.0

54 0.0

58 0.0

56 0.0

57 0.0

58 0.0

90045

RANK

7
18

5
12

1

3

4
15

]
13

2
10
20
11
19

[

2
14
15
23
25
22
24
17
21
50
49
48
57
Y]
45
L
53
42
41
40
39
38
37
36
35
34
33
32
31
10
29
28
27
26

INPUT FRDM = 140321

RATE COEFFICIENTS.

FREQUERNCY

0. 13764E
0.17525€E
0.18133€E
0.19370E
0.22939¢
0.25796E
0.28702E
0. 28944E
0.300946¢C
0.31603E
0.323B4E
0.352729E
0.34836E
0.36578E
0.36611E
.38819E
L41914E
L48225E
.49 330E
0.514662E
0.52124E
D.52244E
0.52839E
G.52912E
0.55803¢
0.11957¢
0.12646E
0.16801E
0.17309E
0.209528
0.23372E
0.27020E
0.29155E
G.30048E
D.30800E
0.31635E
0.327538
0.33123E
0.36920E
0.37888E
0,35871E
D.435GE8E
0.45841E
0.51102E
D.52131E
0.52227%
0.596758
0.60742E
0.65135€
0.67311E

cooooc

a2
02
02
o2
n2
0z
62
bz
02
0z
02
02
02
o2
0z
oz
g2
o]
a2
0z
0z
02
02
oz
02
[P
02
02
02
0z
02
g2
oz
1
02
02
0z
14
02
02
02
02
02
o2
0z
02
oz
o2
o2
02

MODE HNO.

RESPONSE FRDH =

a

m

FFIGIENT

=R N R -2 E-N-E- NN N N N - N el )

oaocccaaccooczcca’caaonaoun

6.0
~0.77354E-08
~0B.46324E~08
-0.134858E-07
-0.81554E~08
-0.48037E=07
-0.18380E=-06
=-0.17998E-07
-8.40321E-08
=0.10645E-08
~D.86357E~DY
~0.35035E-07
~0.136492E-08
~0.21444E-08
-0.)i143E-07
~0.56548C-07
~0.407056~08
-0.17%04E~Q7
-0.17552E-06

0.88247E-08
-0.90263E~11
~0.92479E~-10
-0.50282€E=10
=0.17507E-0D7
~0.54451E~07
~0.55032E-08

90046

RANK

50
49
48
&7
45
45
44
43
42
a4l
40
39
ET:]
37
36
35
34
33
32
31
30
29
28
27
26
14
16
10
13

5

1

7
18
21
22

6
20
19
11

3
17

a

2
12
25
23
24

?

4
15

INPUT FRDM = 140391

ADVE TVNIBIGO
Rl tolsanses)

w004 §1
Ay 0



Gel

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0,17525E
0.,18133E
0.19370E
d.2253%¢E
0,25794E
0,28702€E
0. 28944E
0.30096E
0.31603E
0.32384E
0.327298
0.34836E
0.34578E
0.38611E
0.388)9E
G.419148
0.48225E
0.49330E
0.51462E
0,52124E
0.52244E
0.52839E
0.52912E
0.55803E
0.11957E
0.)1244%8E
d.isd01E
0.17309E
0.20952C
0D.23872E
0.27020E
G.29155E
0.30048E
0.30800E
D.31635E
0.32753E
0.33123E
D.346920E
0.37838E
0.38871E
0.4366BE
0.45B41E
0.51102E
D.B2131E
D.52227E
0.59475E
0.60748E
0,65135E
D.673L1E

02
02
n2
02
02
B2
02
0z
2
62
02
n2
02
0z
0z
62
62
02
02
02
02
na
0z
02
62
02
0z
02
02
02
02
02
t2
02
02
02
02
02
o2
g2
02
02
02
ne
02
6z
82
02
02
0z

RESPOHSE FRDM =
HODE MO. COEFFICIENT
4 0.0
5 0.0
& 0.0
7 0.0
o n.a
9 0.0
10 0.0
11 0.0
i2 0.0
13 0.0
14 g.0
15 0.0
16 0.0
17 0.0
13 0.0
149 0.0
20 0.0
2l 0.0
22 0.0
23 0.0
24 0.8
25 0.0
26 0.0
27 0.0
28 0.0
34 -0.48789E-D4
35 0.17247E~07
36 ~0.20738E~Gs
37 -0.378192E-D7
38 0.:821%E-0¢
39 -0.66664E~0%
40 -0.16311E-07
41 0,51321E-07
42 0.17135E-07
43 0.20300E-0¢
G4 0.2390LE-06
R5 0.19947E-08
46 0.14572E~-07
Ly 0.377646E-07
LY 0,12453E~0¢6
59 -0.82219E-08
50 0.11205E-07
51 0.14174E-08
52 0.30716E-06
53 ~0.15148E-10
54 0.48209E~09
55 0.19262E=-10
56 0.58787E-06
57 -0.55184E=-07
53 0.93204E-07

90044

RANKE
50
49
48
47
a4
45
hh
43
42
41
40D
39
38
37
36
35
34
33
a2
31
30
29
26
27
26

3
15
[
13
8
1
17
11
16
7
5
21
19
14
9
20
i8
22
4
25
23
26
2
12
10

INPUT FRDM = 1403%2

RATE COEBFFICIENTS.

0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
u.

3]
0

0.
[
0.
g.
0.
0.
Q.
c.
0.
a.
¢,
o.
C.
Q.
0.
0.
0.
2.
0.
Q.
a.
G.
0.
0.

0

0.
0.
0.

.o,
0.
0.

FREQUENCY

13764E
175258
181338
19370%
22939E
2ST794E
287028
28944E
+3D096E
I15603E
32384€E
32T2GE
I4B36E
16578¢E
i8611€
3BB19E
41914E
.48225L
»493I30E
51462EF
52124
B224%E
52839
52912E
55803E
11957
1244 4E
168D1E
17309
20952E
238723¢C
27020E
291550
J0048E
30800E
31635E
32753E
13123E
36920¢
37853E
IEBTLE
G3468E
HW5BG 1 E
+51102¢
52131¢g
82227VE
594675¢
60T43E
65135E
67311E

[
0z
0z
62
0z
0z
0z
02
02
02
0z
02
02
0z
oz
o2
[
o2
ok
B2
g2
k3
Q2
02
4
02
02
02
02
oz
a2
g2
g2
oz
oz
02
02
0z
nz
02
02
o2
o2
02
oz
o2
oz
02
02
02

RESPONSE FRDM =
MODE NO. COEFFICIENT
4 -0.23666E-09
5 -0.84720E-11
6 0.23197€-079
7 ~0.49082E~10
a -D.43357E-08
9 -0.47740E-09
10 ~0.42725C-08
11 0.8128%E~11
12 ~0.1000B8E-08
13 ~D.79439E-10
14 -0.62131E-08
15 ~0.28435E-09
13 0.256%3E-11
17 ~0.11707E-08
18 -0.63%48E-048
19 ~0.18070E-07
20 =0.449583E-08
21 0.30072E-09
22 0.74493E-0D9
23 -0.,22736E-11
24 0.11143E-13
25 0.27B00E~11
26 0.35504E-12
27 0.11522E-04
28 0.18030E-10
34 a.0
358 a.0
36 6.0
37 0.0
38 0.0
39 0.0
49 0.4
41 0.0
42 0.0
43 6.0
44 0.0
45 0.0
44 0.0
4r Q.0
48 0.0
59 0.0
50 0.0
51 0.0
52 6.0
53 0.0
54 6.0
55 0.0
56 0.0
57 0.0
23 0.0

90045

RANK
14
12
15
17

5
11
6
20

9
15

3
13
22

7

-4

1

4
12
10
23
25
21
24

3
18
50
49
68
47
46
45
44
43
42
41
40
9
k1)
7
36
i5
34
33
32
31
30
29
28
27
26

INPUT FRDM = 140392



gel

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525€
G.18133€E
0.19370E
0,2293%E
0.25796E
0.28702E
0.28944E
0.3009%E
0.31603E
0.323B4E
0.32729E
0.,34838E
0.36578E
0.3B611E
D.3B819E
0.41914E
B.48225E
0.49330E
0.51462F
0.52124E
0.52244E
0.52839E
0.52%128E
D.55803E
0.11957E
0.12445E
2.14201€
0.17309E
0.20952E
0.23872E
0.27020%
D.29155E
0.300488
0.30800E
G.31635E
0.32753E
0.33F2%E
0.36920E
0.378838E
D.38871E
0.43468C
0.45841E
0.51102E
0.52131E
0.522278
0.59475E
0.60748E
0.65135E
0.47311E

02
0z
02
oz
02
02
02
oz
02
nz
02
oz
02
02
0z
a2
02
a2
02
02
02
b2
0z
¥4
n2
02
nz
62
14
D02
na
02
02
D2
0z
02
02
02
02
02
[1F]
02
oz
02
0z
02
02
oz
0z
n2

HODE NO.

LR -

11
12
13
la
15
14
17
18
19
4]
21
22
23
24
25
26
27
28
34
35
3¢
37
38
19
40
41
42
43
a4
“5
46
av
48
49
50
51
52
53
B4
55
1
87
58

FFICIENT

0,44911E-07
~0.45764E-07
0,56B40E~07
0.97394E~-D7
0.73766E-06
D.58934E~07
-0.21169E~-07
0.11690E-07
0,16161C-07
0.33960E-06
0,21180E-08
0,88654E-03
0,10348E-06
0.38492E-04
D.19934E-07
0.11820E-06
0,13921E-05
~0.22117E~06
0.66633E-10
~0.83611E-09
~0,17392E-10C
0.26639E-08
D.11k75E-04
D.62589E-07

RESPONSE FRDM = 900446

RANK
50
49
48
47
‘6
45
44
43
42
41
40
15
18
37
36
35
34
33
32
31
30
29
28
2T
26
T
16
r5
14
11
2
13
17
20
19
4
22
21
10
3
18
)
1
[
24
23
25
5
7
12

INPUT FRDM = 140392

RATE COEFFICIINTS.

FREQUENCY

0.13744E
0.17525E
0.18133E
0.12370E
0.22939&
0.25796E
0.28702E
0.23944E
0.30096E
0.31603E
D.32384E
0.32729E
0.348350E
0.35578E
0.33611C
0.38819%¢
0.461914E
0.482250
B.69330E
0.51462E
0.52124E
0,53244E
0.52839E
0.529128
0.55603E
0.11957E
0.12446E
0.16B01E
0.17309E
0.20952E
0,21872E
0.27020E
0.291558E
0.30043E
0.30300E
0.31635E
0.32753E
0,33123E
0.36%20E
0.3758EE
0.335871E
0.43468E
0.45841E
0.51102€
0.52131E
D.52227E
0.59475E
0.60748E
0.65135E
0.67311E

02
0z
02
2
o2
02
02
02
02
E]
02
02
oz
02
02
0z
02
02
0z
02
oz
02
0z
02
02
62
oz
oz
02
oz
62
02
a2
oz
02
b2
02
82
6z
a2
G2
0z
e2
0z
0z
02
02
0z
02
02

HODE NO.

RESFONSE FRDH =

COEFFICIENT
0.0

P

RN -N- - -l y-N-N-N . R - - N - NN
=R -R=R=R-R=-N-R-~R-g NNl NN - N-N -]

0.10919E-06
0,80002E~0%
0.21309E-06
0,33221E-68
0.11254E-06
0.16B834E-08
0.36114E-08
0.51740E-07
0,34766E~08
0.40D08E=-07
0.563510E~-07
0.549278E~-08
0.90746E-02
D.25463E=-08
0.298440-07
~0.36550E~08
0.3393%E=-08
0. 155878E-07
-0.14049E-07
-0.96025E~12
=0, 93947810
0.33043E-10
D.13013E-04
6.34903E-0%
0.34015E-07

0044

RANK
50
49
48
47
46
45
44
43
62
41
54
39
35
37
36
35
34
33
iz
31
30
29
28
27
26

5
20
1
18
4
3
15
7
16
8
6
13
1z
12
10
14
17
22
11
25
23
24
2
21
9

INPUT FRDH = 140393



el

RATE COEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
0.18133E
0.19370E
0.22939E
0.25795E
0.2B702E
0.28944E
0,3D096E
0.31603E
0.32384E
0.,32729E
0.349B36E
0.36578E
D.32611E
0.38819C
0.41914F
0.4B225E
0,649330E
0.514628
0.52124E
0.52244E
0.52839E
0.,52912E
0.55303E
0.11987E
D.12645E
0.14801E
0.17309E
0.20952E
0.23372E
0.27020E
0.29155E
0. 30048E
0.30800E
0.31635E
0.32753E
0.33123E
0.,36920E
0.37888E
0.3A871LE
0.634468E
D.45E41E
0.51102¢
0.52131E
0.52227E
0.59475E
0.60748E
0.65135E
0.67311E

gz
02
02
o2
02
13
02
a2
[
[
0z
22
oz
0z
02
vz
02
0z
0z
62
02z
0z
a2
oz
[1¥3
1}
13
02
g2
na
0z
02
02
0z
02
02
oz
92
g2
(14
02
D2
b2
02
02
0z
02
02
g2
02

HODE NO.

RESPONSE FRDM =

COEFFICIENT
~0.1485TE-0¢
-0.50026E-08

0.45983E-07
~0.19297E~C7
-0.83284E-06
-0.516298-07
-0.25916E-06

0.75203:=-09
-0.,50186E~07
-0.49942E-08
-0.23947E~06
-0.101985-07

D.37685E-07%
-0.51121z~07
~0.134978-06
=0.34072E~06
~0.4%9622E-07
20,27771E~08
-0.305536-09
-0.59835E-D8
-0.11689E-11
=-0.11814E=09

0.16097E-10

0.945516-08
-0.32273E-07

n.o

e e 4 s o4 s s s

[=N-E-E-N-E-R-N-E-N=l=lsl === ek~~~ =]

oocOoO0DDOoODoDOo oo oDOoERDOO

0045

RAHY

5
17
11
13

1

7

3
20

2
18

4
14
21

a

[

2
10
19
22
16
25
23
24
15
12
50
49
“8
4“7
46
45
44
43
42
41
49
39
38
37
36
35
34
a3
32
31
30
29
28
27
26

INPUY ERDH = :4D293

RATE COEFFICYENTS.

FREQUEHNCY

B.)13764E
D.17525E
0D.18133E
0,19370E
0.2293%¢
0.25796L
0.28702E
0.28964E
0.30095E
6.31603E
0.32384E
D.3272%¢E
0.34836E
D.36578E
0.38611E
0.38B19E
D.41914%
D.48225E
0.492330E
B.51462E
b.52124E
D.522494€
D.52839E
k.52912E
0.55803E
0.11957€
D.124496E
0.16801E
0.172309E
0b.20952E
6.23872E
b.27020E
b.29155E
D.3004BE
0.30800E
0.31635E
0.32783E
0.33123E
0,356%208
0.17388E
0.38B71E
B.43663E
D.45841E
0.51102E
D.52131E
0.52227E
0.59675E
0.60748E

" 0.65135C

0.67311E

o2
jtF4
L}
(124
[T
0z
o2
[}
o2
oz
o2
oz
o2
02
oz
o2
02
o2
oz
o2
02
oz
g2
2
o2
o2
g2
a2
02
o2
o2
02
a2
o2
[+
LI
oz
o2
a2
02
02
0z
o2
o2
oz
o2
o2
az
oz
az

RESPONSE FRDH =
MODE NO. COEFFICIENT
4 0.0
5 0.0
[ 0.0
7 0.0
B D.0
9 0.0
10 0.0
11 0.0
12 0.0
12 0.0
L4 0.0
15 0.0
1é 0.0
17 0.0
18 0.0
1¢ 0,0
20 0.0
21 0.0
22 0.0
23 0.0
24 0.0
25 0.0
26 0.0
27 0.0
28 0.0
34 -0,.31361E-D7
35 0.20833E-08
16 0.47013E-07
37 -0.49929E-D8
38 0.59973E-07
39 -0.18627E~0¢6
40 -0.13050E-D7
41 =0.17861E~-D7
42 0.23718E-08
43 0.31851E-D8
G4 0.97342E-07
45 0.611315£-08
44 0.76101E-08
47 0.6%768E-08
48 0.92247E-07
&9 0,88617E~D8
50 0,359B83E~07
51 0.16281E=~06
52 0.101)46E-07
53 0.40971E~11
54 0,16291E~09
55 ~0.29836E=-10
5% -0.81620E-07
57 ~0,70633E-09
58 0.22822E-07

90046

RANK
50
49
qf
47
44
45
44
43
42
41
(31}
39
38
37
3¢
35
34
33
32
31
30
29
28
27
26

9
21
7
18
6
1
12
11
20
19
3
17
15
14

I4

14
8

2
13
25
23
24

5
22
10

INPUT FRDM = 16403193

Bhve WRINIYG
FIEIRQGOEIE B

mooa &1
HEL J40 A%



8el

POSITICH (GYRD) COLFFICIENTS.

FRCQUENCY

0.)3764E
0.17525E
0,13133E
0.19370€E
0,229319€
0.257%6E
0.23702E
0,28944E
0.300%6E
0.31603¢€
0.323548
C.32729E
G.34B34E
0,3eL73E
£.38611E
0.35819E
0.41914E
0.43205E
0.49330E
C.51402E
U.B2124E
U,52245€
0.52839¢g
0.52912E
C.52503E
G.11957E
0.12446E
0.16501EF
0.17309E
0,20952E
f.23872L
0.270208
4.23155x
0.30Q488
0.30600E
0.31835E
0.32753E
Q33038
0.36%20E
0.378E3E
0.33571E
B.h3465E
0.45541E
Q0.51102E
0.52Y31LF
0.52227E
0.592475E
0.640748E
0.65135E
0.67311E

o2
a2
02
0z
o2
02
o2
0z
a2
02
o2
02
n2
a2
02
B2
02
oz
D2
oz
oz
0z
a2
02
o2
oz
a2
oz
02
02
oz
az
02
02
02
oz
92
o2
[LF3
g2
(14
o2
02
0z
02
02
az
az
a2
a2

HODE HO,

-
Qo man D

11
12
13
14

15
17
18
19
20
21
a2
23

n
<

25
26
27
28
3%
35
38
37
38
39
¢
41
42
43
a4
45
a6
47
48
49
50

Sa
53
54
55
56
57
58

Table 4-3: POSITION COEFFICIENTS FOR CONVENTIONAL MODEL

COEFF JCEENT

-0.410256-08

=0.53414E~08
~0.,94556E~08
0.185430-09
-0.29899€~07
~0.53363E-08
~0,29347C-08
—-0,22034E-08
0.73821E-09
~0,4834400-09
~0,115960-07
-0.75751E-09
0.54170€E-D9
-0, 71544610
0.11798E-08
0,30783E-08
0.33426C-00
0.924%6E-10
0.78547E-11
-0.504654E-10
D.22932E-13
G.16132E-10
0. 44B64E-12
0.70864E-11
0,47983L-11
=0,87258L-10
~0,642620-09
=0, 123)14E-09
=0.11606%E-08
0.,264735E~-09
0.435485E-09
-0.72168E-10Q
0.27721E~10
0,21%13E-11
-0.16657E~-10
-0.,74314E-10
0,10086E-11
-0.3221bE-10
~0.22132E~-09
0,31673E-09
~0.222390-10
0.22168E~11
0.%4730E-1]
~0.15196E~10
0.90711€E-14
~0,30651E~13
0.16321E~12
=0.16180E=10
0.16878C-10
0.404520-11

RESPONSE FRDM w

RANK
[3
4
3

22
1
5
9

10

14

3}
2

13

15

28

11
8
7

25

39

29

49

36

46

40

41

25

15

23

12

20

17

27

31

LY

34

26

45

20

21

19

3z

43

38

ar

5o

48

47

35

33

42

90011

INPUT ERDH =

5131

PDSITIDON (GYRO) COEFFICIENTS.

FREQUENCY

0.137464E
0.175258
0.1B133E
0,19370E
0.22939F
0.25796E
0.28702E
0.28944E
G.30056GE
G.31603€
0.32334E
0,32729C
0.35836E
0,346578E
0.3861€
0.38819E
0.41714%
0.48225€
0,4%3308
0.514428
0,52124E
0,52244%
0.520392€
0.52912¢C
0,55803€
0,11%57E
0.12444E
0.15801E
0.17309E
0, 20952E
0.238/2E
0.27020E
0.29155LC
0.30048C
0.30800E
0,31635E
0,327511
0.33123L
n.3692n0C
0,37880E
0.38871C
B.4346481
0.45841C
g.51102K
0.52131C
b.52227C
0,.59475E
0.460748E
0.65)35E
G.67311E

02
02
oz
02
62
02
62
o2
02
02
02
02
0z
02
02
oz
oz
0z
(F
oz
oz
oz
g2
0z
o2
oz
02
02
02
02
02
02
02
o2
0z
e
02
0z
0z
02
0z
nz
0z
[
02
0z
02
o2
02
02

HODE NO.

COCFFICIENT
0.56143E-11
-0.13B96E-10
0.61105E-10
-0.61447E-12
0.15392E-09
0.484450-140
=0.52794E-10
G.11008E-10
0,10917C-10
0.602316~11
~0.17106E-0"
~0,10385E-10
0.616430-11
0.660635E-11
0.10298E-09
=0.1711¢&E-10
-0.175E7E-20
0.56799E~12
~0.624BYE-12
D.660270-121
-8,50102E-15
~0,65340E~13
0,20583C-14
0.57140E=-22
-0.62847E~12
~0.33203E-07
~0.36200E6-07
~0.23661E=-07
-0.73773E~-D7
0.33066E~D7
0.3BBV4E-D7
~0,76171E-08
0.664680-09
0,11563E-U9
~0,.63230E-09
~0.35697E~08
0.255740-10
=0,91372C~0Y
~0.90021€~08
0.16457E~07
=0.28v1VE~DE
0.30222E-09
0.18682E~09
=0.22112£-08
~0.86542E~12
=0.32080E~11
0.85613E~12
-0 .44 168E~0D9
0.816056-10
0.42547E=-0%

RESPONSE FRDH =

RANK
39
31
26
45
21
27
24
32
13
38
20
34
37
35
23
30
29
47
44
36
50
48
49
46
43
17

90012

INPUT FPPH =

5131



6L

FESITION (SYRO) COEFFICIENTS.

FREQUENCY

0.13764E
0.17525¢E
0.18133E
0.19370E
0.2233%8
0.25794KC
0.25702€
0.28544E
0,30094%
0.31403€
0.32384E
0.32729E
0.359836E
0.36570E
0.33611E
0.35319E
0D.4l914E
0.48225E
D.47330E
0.514962E
0.52124E
0.52244E
D.52539%
0.529%128
0.55803E
0.11957E
0.Y2648E
0.26801E
0.173109€E
0.20%52E
9 23372E
0.27¢208
1.29155E
0.300458C
0.30800¢8
0.31435€
0.327538
0.33123E
0.36920E
0.373835K
0,33871E
0.63468E
0.45541E
C.51102%
0.52131k
0.52227€
0.59475E
0.50743E
0.565]135E
D.67311E

02
0z
o2
a2z
g2
a2
oz
02
qz
02
az
a2
g2
a2
a2
g2
aa
Q2
oz
02
g2
a2
na
a2
oz
az
az
a2
a?
a2
a2
a2
a2
a2
1z
12
qz
az
oz

oz

a2
4
o2
q2
02
12
oz
62
Q2
02

HODE WO,

COEFFICIENT
-0.2825%E-03
0.65495E-08
=0.134056-07
D.14894E-09
-0.5%838E~08
0.539696-072
B.64773E-00
0,24880E~08
-0.96322E-0%
04.921475E~09
0.7G998E~08
0.49262E-0%
~0.28709E=~09
~0.49426C-02
-0.39719E-08
1.73382L~08
=~0.52314E=01
~{4.19229E-09
0.204B6E~10
~0.50451E=07
0.562762E-13
-0,1445E~10
«0.32207E~12
~0.538731E~10
B.40346E~10
~0.39485E-09
0.59771E=09
0.11438E—~08
~0.36269E-00
-0.19847E-0D8
=0.71488E-02
0.14207E-08
~0.140256-0%
=0,11324L-10
0.835276-10
0.32702E~-09%
~0.56229E~11
0.16%332£~09
0.99110E-09
=0.99473E-09
=0.33252E~00
0.79544E-11
0.19154E-10
0.46323E~10
~0.53351E-13
0.12513E-12
-0.10975E-11
0.12026E-07
=0.2B8174E=-10
~0.11H97E-D9

RESPONSE FRDH =

*RANK
9
%
1
3l

6
al

5
10
16
17

2
23
28
22

20013

[HPUT FRDM =

5131

.

POSITION (GYRO) COEFFICIENTS.

FREQUENCY

0,13764E
0,17525L
0.}8133C
0.19370E
0,22929C
0.25796C
0.2G702E
0,26999E
0.30096E
0.31603E
0.32384E
Q.,32729E
0.34830C
0.36578E
0.38611E
0.388192C
0.41%1n0L
0.48225€E
0.49330E
0.51462L
0.52124E
0.52244E
0.52039E
0.52912¢€
0.55803E
0.11957E
0.12446E
0,16801E
0.17309E
0.?0952E
0.23872E
0.27020E
0.29155E
U. 500480
0.30800E
0.314635E
0,32753C
0,33123E
0.36920C
8.378BBE
B.38871E
0.43468E
0.458%1E
0.51102EK
0.5213LC
0,52227E
0,59475L
0.4074BE
0,65135E
0.67311E

o2
az
a2
02
0z
az
0z
0z
0z
02
0z
02
nz
14
02
nz
az
02z
a2
02
02
62
02
o2
o2
02
62
02
o2
B2
02
62
na
uz
62
o2
o2
o2
62
02
02
o2
o2
e
02
a2
02
a2
o2
o2

HOBE HO.

45

49

COEFFICIENT
D.21171E=-09
b.83862L-08
~0.50783E-07
D.46358E-07
b.72945E-0D8
D.%0621F~0D8
=0.53645E-08
~0.484235E-08
~0.,54&52E-08
=0.31904E-08
0.68467E-08
0,57255E-09
~0.620%7L-07
0.320436E-09
~0,829146-09
~0.2007%0C~0Y
=9, 338490 ~09
=0.53800E-09
0.33570E~1D
-0,790%1C-09
0.45538E~12
~0.720942C~10
D.22571C-12
0.12101E-02
0.97444E~10
~0.77527C~10
-0.26996C-08
=0.21963E~09
~0.70394€-10
~0.10992€-09
0.97507C-09
~0.23120E-07
0.13947C-02
U.26551E-10
0.30631C~10
2.68908C-09
0.272345E€-11
0.35874E~09
3.62942E0-09
-0.759%05C-09
~0,39504E~10
0.66582E~10
0.11311€C-0%9
~0.2L794L~10
-0.51012E-13
0.48808E-13
~0.99634E~12
-0.24B05C-0%
0.88256C-10
0.26012€~10

RESPONSE FRDM =

RAHK
27

=
LR -V - NI C R

WP IV R PG e
VOO WD

14
47
44
48
20
13

35

11

36
1z
12
25
29
NE
40

0y

21

15
14
37
31
41
50
49
46
24
14
“3

90011

IHPUT FRDH

5132



oPL .

FOSITION

(GYRO) CODEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
0.15%33E
0.15%370F
0.22939E
0 25794
0.28702E
8.23344E
0.30096E
0.314038
0.32384€
0.32729E
0.34836E
D.385T8E
0.35611E
0.33819E
D.41914E
D.48225LC
0.49330E
0.51442E
0.52124E
0.52264E
0.5233%¢C
0,509128
0.55803E
0.11957E
D.12446E
0.14801E
0D 1730%E
b.20952E
L2387k
0.27020E
0.29155E
0.30049F
9.30800E
0.31635E
0.32763E
0.33123E
0.36920E
0.37533E
0.38871E
C.4%3468E
0.458841E
0.51102E
0.52131E
0.52227E
9.59475€E
D.60745E
D.45135E
0.87311E

62
o2
g2
az
a2
oz
o2
o2
02
02
0z
02
02
o2
o2
62
o2
02
02
02
02
0z
oz
02
02
oz
02
0z
02
02
oz
a2
a2
a2
02
c2
02
02
0z
¥4
o2
02
4z
02
o2
o2
oz
02
a2
02

HODE HNO.

-
LR L

11

14
15
146
1?7

19
20

22
23
24
25
26
27
28
34

36
37
38
3%
40

4o
43

45
46
57
4%
4%
50
51
52
53
54
535

57
L)

COEFFICIENT
~0.27943E~12
0.21816E~10
0.32817E~-09%
~D.15362E~09
~0.375528E-10
-0,52269E~-Y0
-0.15134E=-09
0.22693E-10
=0.5222BE-1D
0.40131E~10
D.10100E-QF
D.78495F=-11
-0.70663E-11
-0.28104E-1D
~0.72374E~10
0,1 606E-)1
0.19765E-11
=-0.33037E-11
~0.26705E~11
0. A03LLE-09
~D.994%0E-14
t,84906E-13
0.,10355E-14
D.9787BE~11
-D.12763E-1D
-B.295000E-07
-0.1%207F-006
-0.42193E-07
-0.44733E-08
=0.146966=-07
D.77539E~D7
=0,24410E-07
0.33489E-08
0.138681-00
0.11756k-08
0,33100E-07
0,83133E-10
0.83536E~00
0.25601E=-07
-0.39440E-07
-0.514740-03
0.40B77E-08
0.22306E~-00
-0.4¥08250-08
0.29507E-11
0.720150-11
-0.52265F-11
-0.£86258-08
0.A2671E~-09
0.32059¢-00

RESFONSE FRDM =

RANK
47
35
21
23
32
F4:)
24
34
292
31
26
ia
40
33
30
(13
435
62
44

L
RN IR TR L N U -]

f0012

IHPUT FRDM =

5132

POSITION (GYROD) COEFFIGIENTS.

FREQUENCY

0.13764E
0.17525E
0.18133E
0.193702E
0.22%39E
0.25796E
0.20702E
0.28944E
0.30096€
0.31603E
0.323184E
0.32729E
0.348836E
0.36578E
0.38611E
0.3881%E
0.41914E
0,43225E
0.,4933DE
0.5l442E
0.52124E
0.58249E
0.520398
0.52%912E
0.55803E
4.119587¢
0.12446L
&.16601E
0,17309E
0.209%20
0.23872E
0.27020E
0.29155E
0.30046E
¢.30800E
0,31635E
0.32%%5C
0.33123E
0.369220C
0.37888E
0.38071E
0.43068E
0.45841€
0.51102E
0.52131E
0.52227E
0.0247%L
0,60748E
0.65135E
0.673111

0z
02
¥
02
a2
02
a2
a2
o2
oz
a2
02
oz
o2
02
0z
nz2
02
0z
a2
02
az
oz
02
0z
az
oz
oz
02
oz
0z
02
o2
oz
D2
L
02
oz
o2
o2
0z
na2
02
o2
G2
oz
2
na
b2

o2

MODE NO.

-
SwDaenn D

65

af
42
50
51

53
54
55
56
57
58

COEFFICIENT
0.14533E-0%
~-0.10283E-07
~0.71993E-07
0.37236E~07
0.14599E=-08
-0.10014E-08
t,11B40DE~DT
0.512L9E-08
0.72554C-08
0.60292E~08
-0.4566440-08
~0.37234E-0%
0.32910E-07
0.21142E-08
0.27914C-08
~0.53421C~0%
0.52977E~0%
0.11134E-08
0.87552E-10
~0.9430/E-08
D.124630-11
0.10%79E=110
~0,16203L-12
~-0,66141E~0QY
0.08173%E~0Y
=0.3G6082E-0"
0.20708E-02
0.20397E-GE
-04.21992E-10
p.e2e210C-09
=0.14259E-08
0.45536E~08
=0.7046461C-09
~0.13692E~079
-0.15360E~n9
~-{l.303%7EC~0&
-0,16529E~10
-0.15489E~08
=-0.28186E-08
0,23887L=0G
-0.59187E-0"
0,15970L~-09
0,220871E-0%
D.87621E-10C
$.182400~-12
~0.2006%C-12
D.érugneE-11
0.18437E-03
~-0.14732E-09
~U.f6025L-07

RESPONSE FRDM =

RAHK
39
[
1
H
20
23

$0013

INPUY FRDM =

5132



trl

POSTTION (GYROY COEFFICIENTS.

0
a
a
o}
B
1}

&,

b
14
]
o
0
14
o
]
H
a
]
]
4
0
]
9

0.

2
q
a
Q
0
[}
G
'}
0
a
0
a
[t}
b
o
1
0
o
[}
0
o
0
]
o
&
t

FREGUENCY

D13T64E
2 17525E
-18133E
+19370E
22N E
L25796F
a57028
28944E
.30C096E
316038
32334E
L32729E
36835E
+ 30 57S8E
+35611E
+388L9E
+AL19E4E
JHE225E
JA9330E
«S14BCE
JS21264E
. 32244E
LE2539E
E2R12E
-35603E
s 1L9B7E
L124486E
165018
L 3T30%E
209528
L235672E
«270Z0E
291558
V306458
«3UG00E
.31635€
327538
« 331238
.36£920E
+ATSHSE
. 33871
.&%3458E
LG5841E
+51102E
-52131E
+ 522278
.59475E
.60 7u3E
+68135E
LE7ILLE

02
0z
o2
nz
o2
o2
b
a2
02
o2
o2
62
02
oz
02
02
02
Q2
02
9z
02
02
az
o2
02
az
ot
az
L]
02
a2
0z
a2
o2
0z
02
02
02
02
o
o2
02
02
oz
62
02
02
02
02
02

MODE NO,

COEFFICIENT
~0.13905E-06
0.5474%E-08
~Q.29}77L-07
0.93654E-10
0, 9M46E-06
~0.43076E-07
0.33707E-DB
“0.65768E-0%
0.85075E-11
~0.13273E-09
0.10425E-108
-0,37002E-09
0.11602C-09
~0,21724E-09
0.28309E-D9
0.21903E-03
=0,1407460-07
0.79873E-08
0.,33884E-09
0,215G69E-10
0.13350E-11
D.12453E~10
0.83071E-12
. 703D6E-10
0.25652E-09
1.48343E~08
-0 .32983E~09
-0.11133E~-08
0.23995E-09
9.30087L~-08
=0.1046cC-08
0.51256E~11
0.19642E-10
&, 285%39E0~10
0.27601E-11
=0,51364E~09
~0.69033E~11
0. 19316E-ID
~0.46067E~10
~0.61560E-09
=0.22126E=10
-0.3t010E~D9
~0.65483E~11
0.41862E-07
=0.15244E~13
0,33350E-11
~0.36764E-12
=0.21269k~09
0.2B751E-09
~0.20078E-11

RESPONSE FRDH =

RANK
2

7
4
31
1
3
9
15
41
29
1a
19
30
e7
24

90011

INPUT FRDM =

5133

POSITION (GYRO) COEFFICICHNTS,

FREQUENCY

0.13764E
0.17525E
0.18133E
0.1%370€E
0.22939E
0.25796E
0.28702E
0.28944E
0,30096€
0.31403E
0.33384E
0.32729E
0.34836E
0.36578E
0.3BE11E
0.38819E
0.41914E
0.48228E
0,49330E
0.51462C
0.523124E
0.52244E
0.5283%0
0.52912E
G.55803E
0.11957C
0.12046E
0.168010
0.173509¢8
0.20952¢C
0.23872C
0.27020E
0.29158¢E
0.30048C
0.30600F
0,316358
0.32753E
0,33123¢
0.36920€
0.37808E
0.38871C
C.43468E
0.45841C
0.51102C
G.5213)E
0.52227E
0,52475C
D.602481
0.468135¢C
0.67311E

L
02
02
02
a2
02
02
02
02
az
o2
02
oz
o2
02
o2
[
o2
g2
o2
02
62
o2
02
02
02
a2
02
a2z
az
az
az
bz
az
az
02
o0z
oz
oz
az
a2
02
02
02
o2
02
2
62
02
0z

MODE HO.

51
52
53
54
55
56
57
58

COEFFICILNT
0.13353£-09
0.14762E~-10
0,18B55E-09
~0.30969€~12
-D.1l0021E-DB
0.57263E~09
0.925093E-10
0.42849E-11
0.12754E-12
0.16626L~11
0.15384E~10
-0.5072%E~11
4.13202E-11
0.20062C~-10
0.24710E-10
-0.121828-10
0.70310E-10
0.4%047E~10
-0.269558~-10
-0.28145E-11
=0.29167E-13
-0.50437F-13
0.36112E~14
B.56691E~11
—0.33599E-10
0,158850-07
=0,185800-07
-~0.2138%E-06
0.152480-07
0.A40220L-04
-0, 83)197E-07
0.54100E~07
D.470%6C-07
0.150L7E-U8
0.10593E~09
-0.264673C-07
~0.19587€-09
0.45006E-09
=0.18729E~08
-0.3190L¢6€~07
~U.287T3IE~VE
=0.29231E-067
~0.16859E-0%
U.60716E-07
0.14640E-11
0.34904E~0%
-0.1%2485C~11
~-0.58844E~08
G.13901E-Q8
~0.34595C-07

RESPONSE FRDH =

RANK
25
ié
24
13
16
37
28
40
47
q3
35
39
45
34
1
37
29
30
32
41
49
3
50
38
31

8
9
2
10
1
3
18
19
14
2T
7
22
20
13
5
12
[
26
4
44
21
42
11
15
22

G012

IHPUT FRDH =

5133



vl

PCSITION (GYRO)Y COEFFICIENTS.

FREQUENCY

0.13744E
0.17525€
0.18133E
0.19370E
C.ONTINE
b.2500EE
0,23/0ZE
G.23%44E
B.3G0%sE
0.31603E
0.323L4E
0.32725E
0.34535E
0.35673E
0.33511%E
0.33319E
0.41914E
0.48225E
0.4531308
0.51442€
0.52124E
0.52244E
0.52839€
0.52912&
0.552038
0.T1957€
0, 14446
0.14301E
0.17309E
0.20952k
0.23372E
0.27029€
0.29155E
0,30G43E
0.3J3008
0.31635E
0.32753E
0.33123E
0.36920E
0,3758&E
0.358371E
0.43468E
Q.45041E
O.S1L02E
0.52131E
0.52227E
0.59475E
0.&0745E
0.65135E
D.67311E

02
02
0z
0z
32
02
o2
02
02
02
02
02
02
02
02
0z
0z
a2z
o2
02
02
02
0z
0z
0z
02
02
e2
02
0z
b2
o2
oz
62
0z
02
o2
g2
02
oga
c2
62
02
02
o2
g2
oz
ca
02
62

HODE NO.

COEFFICIENT
~0.95732E~07
~0.49584E-08
~0.41362E-07

0.75064E-10

2.,38957E-07
¢.697020-03
=0.743956-03
0.96845E=-0Y%
~0.11753L~10

0,2506580-09
-0.710458-09

0.24063E-09
-0.61456E-20
-0.15092E~08
=0.95304E-09

0.56140E-C8
0,18899€-07
=0.16604E~07
¢,38371E-09
0.25744E~09
0,.36533E~11
-0.11165E~10
-0,59635E~12
~0.304264E-0%
0.21562E-08
0.22102E-07
0.25845E~09

G.10339E~07

B.74964E-10
=0.24142C-07

0. 1 H300E~DS
~3.100?2E-09
~0.99372E~10
=i 1438660-07
~0.13840E-10D

0.2265B8E-08

0.36005E-10
=0.8340DE=10
0.20620E~09
0.19373E-08
~0.3303GE=-09
~0.766B2E~-07
-0,17255E~110
-0,12761F-08
0.5%653E~13
~0,135616E=10

Q.24702E-11

0.15509E-08
~0,479%1E-09

0.32576E~10

RESPONSE

FRDH =

+ RANK
)3
11
F
18
3
10
9
20
45
30
24
31
a0
15
F3
12
[
7
22
28
67
13
6%
26
14
5
29
a
37
4
17
34
35
33
43
13
4l
36
32
15
27
23
42
19
50
G4
48
14
25
37

70013

INFUT FRDH =

5133

POSITION (GYRD) COEFFICIENTS.

FREQUENCY

0,13744E
0.17525E
0.18133E
0.192370E
0.22937€
0.257924E
0.28702E
B.28944E
0.30D94E
0.31603E
0.32384F
0.32729E
0.349836E
0.36578E
0.38611E
0.38819C
0.41914E
0.48225E
0.49330C
0.5462E
0.52124E
0.52244C
0.52839E
0.52912E
Q.550803E
0.11957€
0.12444C
B.16801E
0.17309¢6
0.20952EF
0.23872E
0.27020E
0.29155E
0.300486E
0.30800E
B.31635E
0.22730
0.33123E
B.356920E
t.3788BE
D.3u8rtC
D.4344BE
0.45841C
0.51102E
0,.52131€
D.52227€E
D.59475€C
D.60748E
D.65135E
0.67311E

o2
o2
0z
14
oz
02
02
02
02
uva
o2
o2
oz
02
o2
o2
02
a2
az
02
0z
02
0z
0z
0z
uz
oz
0z
0g
a2
e
a2
M
02
02
o2
02
(0¥}
[t
o2
02
¢z
3]
12
92
02
g2
02
0z
0z

HODE

ey D

3%

HO.

FFICIENT

~0.15548E-08
0.19540E-08
0.449832E~-08
—0.14470E-D8
-0.78031C-08
~0.28001E~08
0.55922E-08
~0.55030E~09
=0.a4%725k=10
0.22788E~09
b.12852E~08
—-0.22057C~-100
0.646365E=-09
G.38860E~08
—k.28%15E~N3
=0.13133E~08
0.31211E-10
G.75626E-10
0,1753LL-07%
~0.21190E-12
0.481)1E=-12
~0.42967E-11
0.46925E-09
~0.10%943£-09
~0.46324C~07

RESPONSE FROM =

RANK
50
49
48
a7
h6
45
44
43
42
41
44
39
38
37
36
35
34
33
32
31
30

15

20054

IHPUT FRDH =

5131



epl

POSITLON (GYRO) COEFFICIEMTS:

FREQUENCY

O.13764C
0,17525E
8,18133E
0.19370E
0.2293%E
0.g5736¢
0.28702E
D.0aghseE
0.30096E
0.31603E
0.32356€
0.3272%58
0.34836¢E
0.345786E
0.35611E
G.32819¢E
C.91914E
0.45205E
B.49330E
C.51442E
B, 52)24E
D-5F2ﬁ4[
0.5283%E
D.52512€
Q.55303€
0.11957€
0.12465E
0.,16801E
0 17inQt
0.20%52E
0.238672E
0.27020¢
G.2%i55E
C.30048E
0.308C0E
0.316358
0.32753F
0.33123¢&
0.3¢5208
0.37888F
0.38871E
T.434465E
D.45341E
0.51102E
0.52121L€
G.522027E
D,59475E
0.60745E
0.65135E
0.67311E

ac
02
02
az
2
az
a2
L2
14
Gz
LS
a2
02
na
a2
oz
a2
02
a2
02
oz
o2
¢z
ik
(123
a2
oz
oz
62
ez
o2
oz
0z
02
o2
g2
0z
oz
[
o2
62
o2
02
4
a2
a2
[+
[
G2
[:F4

HODE NO.

COEFFICIENT
~0.2063E-09
=0.13474E-09
-0,.39314E=-10

D.14613E-10

0.15181E~09

D.3742%E-0%
-0.20169E-09

0.236%58E=09

0.23086E-10
0.94370£-10
~D.82792E~09
~0.51068E-10
0.37700E-10
D.4&772C~10
0.75238C-09
0.3815%E~09
=0.50758E~09
-0.8A252E-11
=0.1606G7E-11
=0.55%42E~10
0.63614E~14

D.6272%E-)2

0.16742E-12

D.164A85E=10

0.66%%4E=12

0.0

DQDOoODODOOCCLODOoOC D oo COCoQ

O0oODDODLoOo0D000DCoecnoLoao O

R

RESPONSE FRDN =

RANK
[

10
15
12
9
5
a
7
17
il
1
15
186
14
2
]
3
20
21
12
25
23
24
18
22
50
49
48
67
46
45
44
g3
LT
41
40
39
i
a7
ib
35
34
33
3z
31
30
23
28
27
25

70055

INPUT FRDM =

5131

POSITION (GYRO) COEFFIGIENTS.

FREQUENCY

0.13764€E
0.17525E
0,18133E
0.19370E
0.22939E
0.25794E
0.28702E
D.28944E
0.30096E
0.31603E
D.32384L
0.32729C
0.36836E
D.36578E
0.30611C
0,38819E
0.41914C
0.40225F
0.49330C
0.51462E
0.H21AGE
0. 522440
0.52839E
0.529)12€E
0.55803E
0.11957E
0.12446E
0.16801E
0.1730%E
0.20952C
0.23872C
0.27020€
0.29155€
0.30048E
0.30800E
0.3E635¢€
0.32753E
0.33123E
0.34920E
D.37688E
0.3BBTIE
0.63600C
0.458411
0.51102E
6.5213)E
¢.52227C
b.59475E
0.607GEE
0.65135E
0.67311E

a2
oz
a2
02
a2
02
az
nz
02
0z
az
0z
0z
02
oz
oz
oz
az
0z
02
0z
a2
02
02
02
[
o2
o2
42
o2
0z
a2
az
a2
0z
[
02
02
02
02
02
n2
02
a2
02
02
o2
na
az
oz

MODE HO.

OEFFICIENTY

G
0.9
0.0
0,9
0.0
0.0
0.0
0.0
0.0
.0
.0
0.0
0.0
0,0
0,0
e.0
a,0
a.0
a.g
a.0
0.0
0.0
0.0
0.0
0.0
0.0

0.33966E-02
0.25300E~6G8
0.50563E~09
0.45791E-08
-D.10231E~-08
“0,19886E~08
0.34119E~07
-0.I1CG178E~07
~0.860160~11
0.L4579C~10
0.28511E~09
~0,37229E-11
0.1432EE~07
0.87317E-0%
=0.12022E~08
0.73999E-10
~0.11B4GL~10
0. 3765EL-10
0.51634E=-10
=0,36608C-13
0.106150~12
~0,58273E~12
0.55560E~10
~0.60252E~-10
~0,84179E~11

RESPONSE FRDH =

RAHK

50
49
48
47
46
45
X
43
42
41
40
39

30056

wya W e
ﬁﬂffﬁaﬁﬁgl

4

®

INPUT FRDH =

ad
40 Ad

o
FBL

5131



rl

POSITION (GYRO) COEFFICIENTS.

FREQUENCY

0.13784E
0. 2T75aKE
0.168133€
0.19370E
0.22939E
D.25796E
0.23702E
0.23944E
0.3009¢E
0.31403E
0.32384E
0.33739€E
D.3M1836E
0.3657EE
0.38611E
0 38B819E
0.41714E
0.48225E
3.49330C
¢.514462E
0.52124E
0.582%4

0.52339E
0.52912E
0,55803E
G.11%57E
0.12%45E
0.16BD1E
D.17309€E
u.cUvbhik
Q.23872E
0.27C20E
0.29155E
4.300643E
0.308008
0.31635L
0.32753E
6.33123E
0.36920E
0.37383E
0.33871E
0.4354468F
6.495841¢E
0.58102E
0.5213)E
0.52227E
0.59475€
0.60745E
D.65136E
0.67311E

14

-
-

02
02
f2
22
o2
02
02
o2
12
0z
02
02
az
c2
o2
a2
[
a2
0z
03
02
02
02
02
uz
0z
03
o2
02
02
b2
oz
0z
0l
02
02
62
[H
0z
a2
oz
02
02
e2
02
02
Qa2
02

MQDE HO.

FFICIENT

0.32085E—-08
0.802)5€E-08
-0.87741E-}D
0.34601E~03
~0.55851E-00
0.17921E~07
~0,27726E=08
~0.53740E~D%
-0,40293E~09
~0.11217L-07
-0.64173E-10
—-0.60711E-08
~0.1105)1E-07
0,93261E-03
=0.23375E-03
0.64087C~09
2.90299L~07
0.33160E-07?
0.72444E-12
-0.10800C-11}
0.26210E-10
8. 71938E-03
~-08.57218E-09
-0,29796E-08

RESPONSE FRDM »

.
. RANX

so0
49
ag
47
46
45
44
43
42
a1
40
19
ig
37
16
35
34
33
32
31
a0
29
28
27
26
14

5

¢
21
10

9

1
12
19
17

2
22
&
3
4
13
14
i5
20
25
24
23
7
18
11

70054

INPUT

FRDH

5132

PDSITION (GYRO) COEFFICIENTS.

FREQUENCY

h.13744E
b,17525E
0.18133E
0,19370E
0.22939%E
0.25796E
0.28702ZE
0b.28946E
D.30094E
0.31603E
0.32304E
D.32729E
0,34836E
0.,36578EC
0.38611¢E
D.38819E
D.419L4GE
0.4822%E
0.49330E
D.51442E
0.52124E
0.52264E
0,52839%E
0.,92912E
D,5L003C
D.11957E
0, 12446E
0.1680LE
,172309E
0.20952E
0.23872E
0.27020%
0,291558
0.30048C
o,300000
0.31635E
.32753C
0.33123E
0,369208E
0.370B0E
0.38871¢
0,4344600
0.45841E
D,51102E
0.52131E
0.52227E
0.52475E
0.6074BE
0,65135E
D.67311E

02
02
02
o2
uz
a2
¥
02
02
o2
g2
a2
02
o2
62
02
vz
02
02
02
o2
02
02
J2
02
02
02
0z
o2
22
0z
92
02
02
0z
02
02
bz

HODE NO.

v

COEFFICIENT
0.14777E~10
B.21154E=-09
~0.21115E-09
0,34L32E-0C
-0.3703EE~10
~0.63562E-00
-0.36867C-07
0.45866E-09
-0.1739CE-09
U.6215%E~09
0.4LE8BY4E~DD
0.38599E-10
-0.63216E-10
-0.19897€-07
-0.528764E~-09
-0.25871E-10
0.51401E-10
0.4000%E-10
-0.68520E-11
-0.87348E~09
0.12632E-)2
~0.8176EE~12
0.84230E~13
0.20462E~07
0.17667E-10
0.0

CoCuoooCooOOCtoecoEeoOCoOOo
(=T = = = =3 = = R e = B IR O — = R = I B e )

RESPONSE FRDM =

RANK
21
10
11

1
18

486

44

40

3
37
36

24
33

3l
30
29
28
27
26

20055

INPUT FRDH =

5132



St

POSITION {(GYRD) COEFFICIENTS.

FREQULCNCY

0.13764E
0.175I5€
0.18133E
0.19370E
0.2:959€
6.25796E
0.28702E
0.289440
O.30094E
0.31603E
0.32384E
0.32719E
0.34834E
0.36575€
0.33511E
0.38819€
0.41%14E
0.432258
0.49330E
0.51452E
0.52124E
0.522440
0.5283%€
0.5291CE
0.55303E
0.11957E
0.12445E

0.30800E
0,31635E
0.32753€
0.33123E
0.34920E
D.37238E
f.38371E
0.43%uiE
8.45341E
0.5110RE
0.52131E
R.5I22T7E
G.59475E
0.60748E
0.65135E
0.67311E

02
o2
0z
o2
0z
0z
0z
0z
02
02
02
L]
02
02
['H]
o2
02
az
o2
02
0z
02
02
o2
02
oz
62
a2z
2
02
oz
02
oz
02
02
oz
0z
02
02
e
a2
o2
o0z
oz
nz
o2
02
02
o2
o2

HODE NO.

GOEFFIGCYENT

QoD CooOeLoOOoOoO00DoDoERReERCO0
RN -N-N_N-N- -y NN NN -]

0.30178E-09
0.10628E~07
0.9016¢E-09
0.27764C-09
0,45673E~09
~0.39660E-05
0.10934C-08
~0.51279E=09
~0.1033¢E-09
~0.11075E~09
-0.26437E~08
-0.10632E-10
-0.13107E-08
~0.240320-08
U.28820E-04
D.131718-0%
~D.23823E-09
~0.447770-09
0.97566E-10
G.12516E-12
«0.23530E-12
0.35574E=11
C.85}74E-09
-0,31506E-09
-0.54158E-10

RESPOMNSE FRDM =

* RANK

50
9
48
47
fib
45
44
43
42
4l
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
14
1
o
15
11
F4
7
10
19
18
A
22
)
5
3
17
16
12
20
25
24
23
7
13
zl

20056

IHNPUT FRDH =

5132

POSITION {GYRO) COEFFICIENTS.

137464E
17525
18133E
193708
2aAVIVE
25794E
28702E
2B944E
310096Ek
31603F
323048
32729E
348361
I65T0E
38611E
38819€E
41914E
aB225¢
49330E
514462E

0.52124E

q

¢,
0.
0.
0.
0.
D.
0.
0.
0.
0.
0.
0.
0.
0.
¢.
0.
0.
0.
0.
0.
e,
e.
G,
0.
+52475€
6074BE

0
0

0.
a.

52244

52B639E
52912E
EEB03L
11957E
12446E
16801E
1/730%€
a0952c
Z38T2E
27020L
R2%155E
30048E
0800C
21635E
AZT753E
33123
369208
37888E
38871E
A3hG40T
45841C
LI1G2E
E2131E
52227C

45135E
67311¢E

FREQUENCY
o,
0.
0.
o,
g.
8.
o,
0.
Q.
0.
0.
0.
0.
0.
Q.
0.
0,
Q.
a.
0,

oz
0z
2
a2
x4
02
02
o2
o2
02
0z
oz
0z
02
az
0z
02
oz
nz
o2
o2
oz
o2
02
a2
a2
02
02
a2
02
oz
o2
oe
0z
o2
o2
o2
02
02
g2
0z
02
0z
02
02
a2
oz
12
o2
a2

HODE HO.

54

COEFFICIENT
0.0

R
OO0 COoOoC Do DS OoLOCIoooDD S QDO

cpocoucsooochoRYsRooDOCOOS

0.87030E-07
0.10029E-0D8
0.4066G2E~07
0.29708E~-09
=0.94916E~07?
0.57724E-~08
~0.3971%L-09%
~0.38992L-09
-0.58349L-09
~0.54229C~10
0.8083LE-D8
0.15097E-09
~0.32689E-09
D.E08AYE~UD
0.75636E~08
~0.13066E-08
=0, 20 L3L-0Y
~0.68247C-10
-0.48306E-08
0.35610E-12
~0.52346C-10
0.96786E-11
0.61684E~D8
~.18639C~08
0.32154E-09

RESPONSE FRDM =~

RANK

50
49
48
47
46
45
44
43
42
41
40
32
38
37
36
35
34
33
32
11
30
29
28
27
26

H
12

3

19
1
7

15

16

14

22
4

20

17

13
5

11
7

21
a8

25

23

24
6

10

15

90054

IHPUT FROH =

5133


http:POSIT.ON

9l

PDSITION (GYRO) COEFFICICNTS. RESPONSE FRDM « 90055 INBYT FRDN = 5133 POSLTION (GYRO) COEFFICIENTS, RESPONHSE FRDM = 90056 INPUT FRDH = 5133

FREQUEHNCY MODE WND. COEFFICIENT RANK FREQUENCY KODE NO. CDEFFICIENT RAHK
U.13764E 02 G -0.97056E~08 1 " 0.13764E 02 4 6.0 50
0.17525E 02 5 0,143156-09 ' 10 0,17525E 02 § 0.0 49
0.13133E 02 3 =0,12131E-09 12 0.18133E D2 6 0.0 48
0.19370E 02 7 0.73444C=11 21 0.19370E 02 ? 0.0 57
0.2.93%E 02 8 =0.956538E-09 4 6.2293%E 02 '8 p.0 46
D.257%4E 02 9 0.44242E-08 2 0,25796E o2 4 0.0 68
0.23702€ 02 bl G.23165E-0% 7 0,28702C 02 16 0.0 44
¢, 23%49E D2 11 0.922360-10 13 0.28944E 02 11 D.0 43
4.300946E 02 12 0.26972E-12 25 0.30096E 02 12 .0 42
D.31803E 02 13 0.25859€-10 17 D.3YE03E 02 13 0.0 41
9.32384E 02 14 0.74458E-10 14 0.32384F 02 14 0.6 4ag
0.32729E 02 15 -0.26945k~-10 18 0.32729E 02 15 .0 39
D.34835F 02 16 0.80741E~11 20 0.24836E B2 16 0.0 e
0.34575E 02 17 0.14203E-07 11 0.36578E D2 17 0.0 37
D.38611E 02 1o 0.18053E~D9 a8 , 0.386118 o2 la 0.0 36
D.3GS192E D2 19 0.27157E-09 6 0.388192€ 02 19 0.0 35
1-.419i6E 02 20 B.18337E-08 3 b.41924E 02 20 ¢.0 34
1.432356 02 21 =0, 72754E-09 5 0.48225E 02 21 0.0 33
0.49330E8 02 22 ~0.69222E-10 15 0.49330F p2 22 0.0 2
0.51452E 02 23 G.23842E~10 19 0.51462E o2 23 0.0 31
Q.52124E 02 24 G.37014E-12 23 0,52124E p2 24 0.0 30
VD.52244%E 02 25 0.4857E~12 22 0.522%0E 02 5 0.0 z9
0.52839E 02 246 0.21001E~12 24 0.52839E 02 26 0.0 2%
D.52912€ 02 27 0,16524€E-09 9 0.52912& 02 27 g.0 27
£.55503E 02 28 0.46508L-10 1é 0.55303& 02 2 0.0 26
0.1195%E 02 34 0.0 50 0.11957EF 02 34 =0.19012E-07 1
D.12646E 02 13 0.0 49 0.124466 02 35 0.12985E-08 8
0.14501E 02 36 0.0 48 D.Y&BDLE 02 36 0.45707E~08 3
B.Y7INGE N2 %7 0.0 47 0,17309E 02 37 =0.24605E-09 11
1.20952E 02 38 0.0 44 0.20952E o2 HL) -0.12445E-07 2
9.23372E D2 39 0.0 45 0.23872E 02 39 0.425L0E-0E f
0.27020E 02 40 0.0 44 0.27020E 02 40 ~0.26233E-10 20
0.29155E 02 41 0.0 43 0.29155E 02 61 =0.72115EC-10 16
0.38048E 02 42 0.0 62 0.3004BE D2 42 =0.11222E-09 14
0.35300E o2 43 0.1 61 D.30800E 02 43 =0.,107031E~10 22
0.31635E 02 4“4 Q.0 40 0.31635E 02 L4 0.19706E-08 é
0.32753E 02 45 0.0 39 0.32753E 02 45 0.25481E-10 19
0.33123E 02 45 0.4 35 D.33123E 02 46 ~0.,70574E~110 17
0.36920E 02 47 2.0 37 4.36920E 02 47 0.18166E-09 13
0.378852 Q2 LY .0 EX B.378B8E 02 48 0.23379E-08 5
0.38271E 02 4% 0.0 35 0.38871E 62 69 0.73626GE~10 15
0.43445L 02 50 0.0 34 0.4344681E 02 50 0.11439C-08 9
b.6a5341E 02 51 0.0 33 D.45841E D2 51 0.33993E~10 1e
D.51102E 02 52 0.0 32 0.51102E B2 52 =0.14224E-08 7
0.52131E 02 53 0.0 21 0.52131€E o2 53 0.61521E~13 ?5
D.52227E 02 54 e.0 30 0.52227E 02 54 ~0.11550E-10 21
0.55475E 02 55 .0 29 0.59475E 02 55 D,13127E-1) 24
B.E0748E G2 56 0.0 238 D.50748E 02 56 0.73034E-09 12
0.65135E B2 57 o.0 27 0D.65135E 02 57 “0.}0263E~08 10
G.67311E 02 58 0.0 26 0.67311E 02 53 0.58443E-11 23



ipl

POSITION

(GYRD)} COEFFICIENTS.

FREQUENCY

D.13764E
0.17525E
G.13133E
0.17370E
0.27%39€C
B.25796E
D.28702E
0.23944E
D.30006E
D.31603E
0.32364F
0.32729E
0.34836E
B.34572E
D.33611F
0.33519E
0.419L4E
0.463225E
0.493308
0D.51452E
0.52124E
0.52244E
0.52639E
0.52912€E
D.55503E
B.11957E
0. 1Z6G6E
D.146EN1E
b 1730%°E
D.20%52E
0.23872E
8.276208
0.2%155E
D.30048E
0.30300E
0.,31435€
0,32753E
D.353223E
D.34%20E
0.37633E
§,.388T71E
D.43%568E
D,453341E
0.51102E
0.52131E
D.52az7E
D,59475E
0.60745E
0.65135E
0.67311E

02
a2
02
0z
02
a2
0z
ez
0z
92
2
oz
02
02
He
02
0z
o2
02
oz
02
0z
02
02
0z
02
02
ez
02
02
02
02
a2
02
62
[
0z
62
Q2
i
02
oz
az
[
o2
oz
02
a2
0z
oz

HODE KO.

COEFFICIENT
0.10965E-09
=-0.358%4E~08
D.294B7E-11
=0.44059E~10
0.1 9 34E-08
D.221532E-09
-0.34024E-0%
-3.22957C-08
~0.1344676=-09
~0.25565E-0%
-0.40948E~09
-0.325%7C-10
~0.40454E-09
-0.87446E-10
=0.94n00E-D8
~0.16392E-08
~0.12739E-08
~0.20877E~10
-0.13731E-11
-0.723056E~11}
~0.51212E=-14
=0.14204E~11
-0.28056E=-12
-0.36580E~11
0.63351E-13
0.22997E-10
0.37699E-08
0.72788£-10
0.46Y043E-08
=0,98129&~11
-0.25249E-09
=0.71714E~09
-0.38339E-1n
0.74985E~12
0,76628E-11
=0.12674C-10
-0,10285€E-11
B.35%12E-11
-0,20653C-10
0.246010E-10
~0.264715E~10
0.61620k=~12
0.52858E~11
-0.96343E~12
~-0,42752€E~12
-0,22876E-14
0.ID1555~10
0.88144E-11
0.18621E~11
0.994236~10

RESPONSE FRDH w

RANK

17

3
38
22

a
15
12

5
16
13
10
24
11
19

1

3

7
23
al
20
49
40
47
36
40
a7

[A

521

TNPUT FRDN =

5131

POSITION (GYRO) COEFFIGIEHTS,
N

FREQUENGY

0.1376n0E
0.,17525E
0.10133¢8
0.19370C
0.2792198
0.25796C
0.28702E
0.28944C
G.30096E
0.31603E
0.32384E
B.32729E
0,34836E
D.36578E
0.38611E
0.38819C
0.41%914E
D.482250
D.49330C
0.51462E
0.52126E
0.522449E
0.52839E
0.52912E
D.55803C
D,12957E
0.12444E
B.1680LE
0.17309E
0.20952¢
D.23872C
0.2702DE
0D.29155E
0.30040F
0.30800C
0,31630T
0.32753C
0,33123E
0.36%20C
0.378806E
0,38671E
0.03496BE
0.4508418
0.53k02E
0,52131E
0.52227E
0,594786E
0.60748E
G.651358
0.67311E

(P4
9z
02
0z
02
02
02
az
02
n2
o2
o2
02
LK
02
Q2
62
0z
0z
oz
g2
a2
az
oz
0z
oz
0z
oz
02
oz

HDDE MND.

COEFFICTENT
~0.56567C~11
0.6k066E~-08
0,15836E-10
~0.11015E=07
~0.278%6E-09
—-0.37418E~-09
~F.62198C-07
-0.473247~08
0.10144L=03
~0.16833C~D8
0.2417BE£-~09
0.2463BE=10
G.463T6E-D9
0.37199L-0%
D.64634630-08
0.11k114E-D9
D.L2201E~09
@.12143E-D9
~0.56770E=-11
-0.11368E-08
~0.10179C-12
0.18457E=11
~0.14115E~12
-0.,62%963E-10
0,12571E~11
0,20433E-10
0.15837E-07
0,12940E-D2
0.57034L=-09
0.43£09E~11L
—-0.50403E-09
~0,22902E~00
~0.19543E-09
G.90104%E~11
=0.,164940~10
0.11752E~09
=0.29%924E~]1
=-0,32120E~10
0b,587360~10
-0,02333E~LD
~0.43991E~10
0,12372C~10
0.71507E-10
-0.18223E~11
0.14616E~11
0,513520-14
=0.61992E~1C
D,13516E-09
0.97367E~11
0.563949E-09

RESPOHGE FRDM =

RAHK

461

4
35

2
17
14
11

5

521

THPUT FRDH =

5132



8L

POSITION (GYRO) COEFFYICIENTS.

FREQUENCY

0.137¢&4E
0.17525E
0.18133€
0.19370E
Q.22839E
0.25796E
0.28702E
0.28944E
0.39094E
0.31603E
0.323348
0.32728¢
0.34836E
0.3a578¢
0.38611E
0.38819E
0.41°14E
0.43225E
0.4%330E
0.51462E
0.82124E
0.522448
0.5233%9E
D.52912E
0.55303€
0.F19578
0. 12646E
0.14801E
0.17309E
0.20%52E
0.23872E
0.27020E
D.27155E
0.300438€
0.30800E
0.31635E
0.32783E
G.33123E
0.346%290F
0.37843E
0.33871E
0.43455E
G.453491E
0.51102E
0.5213LE
0.52227E
0.5%475E
0.60748E
0.65125E
C.GT3ELE

02
62
02
a2
02
o2
oz
1}
02
02
o2
a2
02
02
02
02
02
0z
02
c2
a2
02
o2
o2
02
02
02
02
a2
02
ez
D2
a2
02
02
02
a2
02
oz
02
p2
0z
o2
a2
62
G2
oz
02
02
02

MODE Ho.

“7
48
49
51
52
53

&5
5é

58

COEFFICIENT
0.37147E~08B
D.41323E-08
0.90936E~11
-0.22205E-10
-0.74%41E-08
0.256184E~-08
0,3%U81E~09
-0.89363E=09
=-0.15733E-11
-0.70052C~10
0.3682G6E-10
-0,15923E-1n
=0.856645%E~10
-0.26554E~09
-0,22651E-08
-0.11666E=0CB
0.46023E-03
-B.18027E=03
-0.659320E-«10
r.31030L-10
-3,29814E~]12
~0.10964E-11
-0.51949E€=12
-0.36293E-10
0.335884E=-11
~-0.12873E-08
0.19349E=-08
D.65798E~-09
-0.12617E-08
-0.11935E-89
0.5405E-D9
0.5D93§E—10
-0.27520E-10
0D.97832E-11
-0,13062E-11
=-0.37602E-10
0.703949E-11
-0,17295€=11
=-0.42968E~11
~0.50583E~10
~0.24590E-10
~0.59407E~10
~0.54045E~11
0.26540E-10
0,71846E=12
0.24B90E-22
-0.,22874E-10
0.11589E~09
G.31719E~10
-0.69009E~10

RESPONSE FRDM =

RANK
L3
3
38
35

1

5
15
12
44
21
27
34
20
16

11
2
&

24

30

49

4aé

48

23

21

INPUT FRDM =

5133

POSITION (GYRO) COEFFICIENTS.

FREQUENCY

0.13764E
0.17525€E
0.18133E
0.193708
3.22939L
0.25794E
0.20702E
0.28944E
0.,30D96E
0.31603C
0.323B4E
0.32729E
0.34836E
0.36578E
0.38611E
0.36B19E
0.41914E
0.48225€
0.49330E
0.51462E
0,5212%E
0.52244E
0,52839E
0.52912E
0,58803€C
0.11957E
0.12444E
0.16801E
0,1730%C
0,209528
0.23872E
0.27020E
0.29155E
0.30048E
0.30800E
0.31635€
0,32753C
0.33123€
0.36920E
1.37388F
0.38871E
0.43468E
0.48B841E
0.51102E
n.52131C
0.52227E
0.59475E
0.60748E
0,65135€
0,67311E

a2
02
oz
0z
02
1)
a2
o2
oz
o2
oz
oz
[
0z
o2
02
0z
[
02
02
LU
02
02
az
a2
02
0z
a2
12
na
02
oz
0z
02
0z
02
02
02
o2
o2
02
02
02
02
02
Q2
0z
02
2
az

WODE NO.

COEFFICIENT

[-E-E-N-N-N-K-X-N-N-N~N--R~N- R === ]

OO LoOOoOCOODLDOOOCO0O0DoODO0OoCD

0.208354E~08
B,91186E~08
=0.,1094%E-07
-0,75214E-08
0. 15215L-07
0,28149E=07
~0.13676E-07
~0.40207E-08
=0.65940E-10
0.91026E-039
D.2946T7E-D8
-0.728092E~10
D.3122BE-08
0.32627C-08
-0.99993E-0C4
0.10900E-0R
-0.49376E-10
0.25523E~-09
B.32111E~09
0,36297E-12
0,23609E-12
0.54600C~11
=-0,57329E-09
6.75666E-00
0.34826E-09%

RESPONSE FRDM = 120762

RANK

50
49
“B
47
46
45
44
43
42
41
410
39
38
37
36
15
34
i3
32
31
30
29

INPUT FRDN =

5131



67t

POSITION (GYRD) COEFFICIENTS.

FREQUENCY

D.137&64E
0.17525E

- 0.18133E

0.19370E
0.22939E
0.25796E
0.25702€
0.25944E
0.30096E
0.31603E
0.32384E
0.32729E
0.34335uE
£.36573E
0.33611E
¢,28319E
0.%1914E
0.45225E
Q.42330E
0.51462E
0.52124E
0.52244€
8.52539E
0.52912€
0.55803E
0.11957E
0.12446E
0.18801E
0.17309E
U.2uvs2tk
0.23a372€
2.27020%8
0.29155E
0.3004%8E
Q0,30S90E
0.31635E
0.32753E
0,33123E
0.36920E
0.373L8E
2.3337E
0.43463E
0.45841¢€E
0.511028
9.52131¢
0.52227§
0.59475€
0.40748E
0.551358
0.67311E

vz
02
0z
oz
02
oz
oz
02
02
az
02
oz
[+
o2
02
oz
a2
12
o2
02
02
02
02
02
oz
02
n2
0z
02
be
or
02
az
oz
o2
oz
oz
o2
oz
02
02
oz
o2
nz
a2
02
oz
g2
02
02

HODE NO.

COEFFICIENT
0.0

PO OCoDooOOoOOOOoOOooDoDOoOCc o0 CcO D
IR

OO0 00D OODDDO00ooCaRoedD

b.27395E-G4
0,38306E-07
~0.19525E-07
~0.45606E-09
~U0.70732E~08
a,56136L~-007
-0.44467E-07
=0.L0256E-07
=0.79236E=-09
-0,14739E-03
=0.27508E=-07
-0,21183E~0°%
-0.28587E-07
~0.92788E~08
0.2396GE-07
0.19401E~-08
—0.9%130E-07
0.30475E-03
0.6073%E~07
~0.,12409E-11}
~0.52550E-12
~0.33332E~10
-0.87037E-02
0.39565E-08
0.22400E-08

RESPONSE FRDN < 120762

RANX

50
49
48
4T
46
45
GG
43
G2
41
40
19
38
7
16
35
34
33
12
k3]
30
29
28
27
26
14

3

8
21
11

1

2

F
19
17

5
22

4

9

6
16
18
13
20
24
25
23
10
12
15

INPUT FRDH =

5132

FPOSITIDH (GYRO) COEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
D.18133E
0.19370E
0.22930E
0.25724E
0,28702F
0.2894G4E
0.30094C
0.31601E
0.32384E
D.32729E
0.34834E
0.,36578E
0.,38611E
0.38819C
0.41914E
0.68228E
0.49330E
0.51462E
0.52124€E
0.52244E
0.52839E
0.5z2912C
0.55803E
0.11357E
0.12406E
0.16301E
o.17309C
0,.20952E
0.25072E
0.270208
0.29155€
0.3004BE
0.30800€E
0.31635E
0.32753k
B.33123€
0.36%20€
0.37088E
0,30071E
0.43468E
0.45841E
0.51102€
0.52131€
0.52227E
0.59475E
B. 6074580
0.65135E
D.67311E

o2
0z
o2
14
02
o2
o2
02
D2
02
n2
D2
02
02
n2
az
02
0z
0z
02
oz
o2
92
ae
02
02
02
02
02
02
(1¥4
02
az
0z
02
oz
02
[
oz
02
b2
g2
o2
(4
o2
e
02
02
02
02

MDDE HO.

COEFFICIENT
a.0

IR

CCO0OCoOO0CoLOoOoOCoOo00oDoOoo00ESD

CCOo 000000 oLDODLO DO IICOD

-0,17259E~06
0.46B802E~DB
-0.4%8977E~07
0.)5546E-08
0,1935EE~0G6
=0.6U233E-07
0.90553E-0%
-0.2848%E~D8
~0.86031C-0Y
~0.15083E-09
0.20505E~07
0,49833C0-09
-0.15382E-08
0.676C61E~0%
0.19435E~07
0.10845E~08
0.47592C0~08
~0.22033L-09
=0.&8460E-0D8
-0,60%97E-12
~0.25470E=~10
~0.12279C-10
=0.753¢0C-08
0.12882E-07
=0.24172E-09

RESPONSE FRDM = 120762
RAHK

50
49
ha
a7
46
45
a4
43
42
41
450
39
i
i7
36
a5
34
33
3z
3l
38
22
23
27
25
2
Il
3
13
1
4
16
17
17
22
5
19
14
18
1]
15
19
21
b
25
23
24
4
7
20

INFUT FRDM =

51



051

POSITION (GYRD) COEFFICIENTS.

FREQUENCY

0.13764E
C.175258
D.18133€E
0. (33708
0.22939C
0.25796E
0.28702E
0.28%44E
0.30096E
0.31603E
0.32324E
0.3272%E
0.36336E
0.36573E
0.38611E
0.288198
0.41914E
0.452258
0.49330%
0.51462¢
0.52124E
0.52246E
0.52839E
0.52%1ZF
0.55803¢
0.11957E
0.12446E
0.16801E
0.1730%E
U.u99s2l
0.23872E
0.27020E
0.29155E
0, 30043E
0.30800E
D.31635€
0,32753¢
0.33123E
0,36%20E
D.375383¢
0.38371E
0.43463%
0.45801%
G,51102¢F
0.52131¢
D.32227%
0.5%9478E
0.60748E
0.551502
0.67311z

HODE HO.

< W~ e

COEFFICIENT
G.11034E-09
-0,27204E-10
0.89901C-07
0.11926E-10
0.39004E-08
0.87757E-09
~0.71166E-09
0.20001E-10
=-0.25626E-0%
0.14500E~10
-0.15817E-08
~0.,105862E~09
~0,17249E-10
0.20355E-10
0.67750E-11
0.27209C-11
0.,22530T-09
=0.51222E-11
D.Z5171E~10
0.24624E-12
0.271758-14
0.156080E~12
~0.307582E-14
~0.,355a0E~11
0.}8740E-31
0.29762E-08
-0.27050E-09
~0.680652C-00
@.11206E~-07
~0.13631E~-07
«0.56035C~-038
-0.33674E~-08
0.42538E-09
=0.24500E-~07
-0.10833E-08
=0.58241E~-00
~-0.30673E-09
=0.48071E-07
-0.122508~08
-0.63860E~D8
0.84968E-07
0.428288-09
0.12420E-08
0.82533E-09
~0.19390E~12
-0.42226E~11
=0.314390C~-11
=0.1%523E-08
~0.13001E-04
0.36610&-09

RESPONSE FRDH w

RANK
30
i3
15
37

¥
14
19
36
25
38
10
31
ar
35
40
312
28
%1
3a
46
50
4B
409
43
45
B

26
4

29
1
5
6

22

27

14
4

24

20

13

4
17
21
12
18
47
42
%4

9
11

23

90014

INPUT FRDH w» 140391

PDS]T%UN {GYRD) COEFFIGIENTS.

FREQUENCY

8,13764E
0.17525E
0.13133€
£.195708
0.22939E
0.25796E
0.287028
0. 28945E
0,30096%
0.314601C
0,32384E
0.32729€
0. 34636
0,36578E
0.38611E
0,38819C
0.41914C
0.482258
0.49330E
0.81462C
0.52124€
0.52244E
0.52839C
0.52912C
0.55B03E
0.11957E
0.12446E
0.16801E
0.17309C
0.20952¢
0.23872E
0.27020E
0.29155¢
0.300a0C
0.30800F
0,31635C
0,32753€
0.33123E
0.56920E
0.37888C
0.38871E
0,4366BE
0,45841E
0.51102E
0.52131E
¢,52227E
0. 59475E
0,60748E
0.65135€
0.67311E

02
02
n2
oz
02
1
02
o2
oz
o2
02
1
o2
o2
o2
02
nz
02
oz
02
oz
02
02
oz

MODE NGO,

COEEFICIENT
0.47291E~08
0,24551€~09
0.71959E~09
0,23453E~09
~0.14026E~08
«0.469765C~08
6,12529E~08
~0,27705E6~09
0.43575C~09
-0.17505L=09
&, 7261V 7E-08
6.41867E-09
0. 8990/L-10
-0.,12763E-09
«0,471620~10
0.10325€-08
=0.,34509&-08
-0.39317C-09
-0.5z207E-190
0.2158716-11
0.38131E-13
0,614976~12
0.264408-12
0.78G87E-10
0.28519E-11
~0.16495E~11
~0.95848E-13
0.52822E~11
-0.58523E-13
0.15148F-10
0.26302E-10
0,.73941E~11
0.15002E-11
-0,12917L~12
-0,11731E-11
-0.993461E-11
-0.82401E-12
~0.,16877E~11
~B.42620C-12
~-D.21843E-10
~0.22603E-11
-0.,33099E~11
0.437858-11
0.11690C-10
0.68998E-15
~0.36243E-13
=~0.91291C~14
=0.80667E-}1
~-0.18339E=10
0.14939E-11

RESPONSE FRDN =

RAHK
3
13
8
14
5
2
[3
12
4
15
1
10
17
16
20
7
4
11
19
i4
47
ha
43
158
32

90015

IHPUT FRDH »

140391



15t

FOSITION (GYRO) COEFFICIENTS,

FREQUENCY

0.137684C
0,17825E
0,18133E
0,19370E
0,229349€
0.25794E
0.257628
0.2B944E
G.3BCPHE
0,.31603K
0.32384E
0.32729E
0.34556E
Q0.36578E
0.35611E
a,35319E
0.41914F
0,.43225E
Q.58330L
0.51462E
Q.52124E
0.522448
0.52839¢C
0.52912EF
0.55301¢
oB.1L9578
0.1244EE
C.15301E
0.17305€
D.x0952E
0.23372€
0.27920€
0.29158€E
D.30043E
0.3053008
0.3L635E
0.32753€
0.33123E
0,35920E
Q. 37653k
0.38871E
C.63G68E
D.%5334)E
0.51102E
0.5213LE
0.52207E
0.5%475E
0.50748E
0.65135¢
0.67311E

MOBE KO.

COEFFICIENT
-0.32747E-10

0.154506-10
-, 32730E~09
-0, 33307E-11
-0.924908-99
-0,27927E-09

0.'31031E=09
~0.41093E~11

0. 13444E-09
-0.46373E-11

D.B7940E-09
0.5024%E-10

0.86047E~11
~D.68405E~11
-0.25307C-11
“D,24713L-11
-0.60069E-11

0,15333E-10
=0, 5U0R04L-11
~0.61751E-13
~0.59501E-15

0.106923E-12

0.21358E-13

0.71600E~11
0. 7T6S4E=12
«0.65934LE~09
~0.348458=-09
~0.73043E-09
~0.,389820~09
~0.16731E-08
~0,37394E~08
~0.15940C-~09
0.86B40E~1D
-0.473/90-10
-0, 2L324E-09
~-0,124046C~08
~0.56729E-14
-0,11529€-0%
=-0,27448C-09
-0, 20705E-08
-G, 6L339E-10D
-0, 15355E-179
~0,62367E-09

0,29211E-09
~0,31985E-13
~0,310%0F=11
~0.4B895TE-12
-0,.2B111E-09
-0.82392E-09

0.15925E-10

RCSPONSE FRDN =

RANK
29
32
13
40

hé

4y

43
L3
14

31

son1s

INPUT FRDM = 140391

FOSIIIHN (GYRO) COTTFICILHTS.

a
]
]
]
0
[
2
0
0
0
1]
0
0
0
o
1]
0
0
a
¢
q
0
0
0
0
]
0
0
0
0
0
i
4
0
o
g
0
¢
[
]
o
s
a
a
Q
e
1
[}
g
1

FREQUERCY

137648
175258
S 1B133E
19350
»2293%C
2579610
.28702C
LPBIAOE
. 300901
+ 31603
. 32384LK
.32729E
v 3AB36E
< 36G768L
30610LC
-38819E
S 61914E
-AB276L
L A9330E
-51462E
LS21240
J522440E
52839
.52912E
55803C
+11957E
«12446E
~16B01E
J17309€
L2U952E
L23072E
L27020F
29155E
. 30048E
.30B00E
+ 316 3LE
W3ETHIE
«35123C
1 36220E
« 3TLUBE
L38B71E
LA3NGDY
450410
511028
+52131€
LBR2RTE
594768
. 6074BE
.45115E
L6T7311E

o2
a2
0z
02
az
6z
b2
b2
[tF4
g2
n2
na2
nz
o2
na
oz
02
nz
o2
02
o2
a2
02
02
0z
134
02
62
02
02
02
oz
na
02
0z
e
a2
[1 ¥4
a2
02
[ 4
02
02
9z
o
0z
b2
a2
02
02

HDDE HO.

COEFFICIENT
-0.29623E-12
0.75436E~13
0.10465E-11
=0.73235E-13
~0.12610E-10
=0.19643E-11
~D.14%6EE~10
U.05000-13
~0,36938E=11
-0.2G053E~12
=~8.253156-10
~0.12241E~11}
0,24695E-13
0.2083506E-11
8.1 5740510
0.43697E~11
0.17477k~10
~0.32369L~12
0.6611LE~]11]
-0.27592E~123
0.B29800=146
0.748564E-14
D.1447DE~15
g.111126~11
0.13D023r-12
~0,.53912E-07
¢,26225E-08
~0.22667E-07
~0,52Y02E-09
¢,27551E-07
0.22489E-07
B0.1100%/6-07
0.22333E=-08
0.26%0406-08
0.20274T=07
0.520020-07
0.457621E09
0.198Y4E~08
0.213760-07
0.43469E~07
-0.41611E=-08
=0.204190-08
-0.%0504E-08
-0.206856-07
0.13887C-11
—0.36175E-10
-0.10875E-11
=-0.29537E~07
0.26682E~08
-0.414637E~-08

RESFOHSC FRDH =

RAMK
40
43
k1]
44
28
33
27
45
31
41
24
a5
a7
3z
26
30
25
192
29
46
50
48
%9
16
42

0014

INPUT FRDM = 1402192



FA<]

POSITICOM (GYRO) CUEFFICIENTS.

FREQUEKCY

9.13764E
0.17525E
3.16133¢6
D.19370E
n 22939fF
D.25796E
0.2370R2E
D.235%44%EF
0.30696%
0.31503E
0.32304%E
D 32729E
0.34336E
0.345750
0.33611¢€
D.353)19E
3.41914C
0.63225€E
0.469330F
0.5149482E
0.582124E
0.52244E
0.525319¢
0.52712E
0.55303€
0-11957E
f.12445E
0.14891E
0.1730C5E
J.209%2E

W23872E
0.27020E
0.29155E
0.30043E
0.33800E
3 31435%
0.32733E
0.33123E
0.245%20%
0.,37858C
9.38671¢
b.4a3465E
0.4584lt
D.51102¢E
0.52131¢€
D.52227E
0.59475E
D.60743E
h.65135E
D,67311E

o0z
a2
[
02
62
02
52
[ J
0z
b2
02
b2
02
(P
0z
oz
02
62
a2
02
02
02
02
0z
02
(]
a2
02
02
02
02
02
oz
02
2
0z
02
62
02
02
02
oz
02
az
6z
az
[
oz
62
02

HODE MO,

[
RN R R

COEFFICIENT
~0.12696E~10
~0.48079E-12

0.83741L=12
~0,14605E=11

0.58949E=11

D.11144E=~3D

0.26351E~10
~B.5610%E-~)12

0.56625E~11
0.250426~11
0.97695E~10
0.48431E~11
~0.12872L~12
~0.180800~10
-0.10962E-0%

D.16678L-09
—0.304406E-09
-0.23912E-10
~0.93573F=11
-0.24171E-12

§.11643E-14

D,19B11E-13
-0.12433E-13
=-0.2%6YTE~10

0.23596€E-12

0.,29880E-10
0.92924E~12
0.17640E-10

§.40789E-12
=-0.306588=-10
=0.975340-10
=0.242120=-10

0.787668-11

0.14104E=11

0.21953E-10
0.83717L-10
0.12793L-11

0.780420-11

4,39578E-11

0.14869E~09
0.1106%C~10
0.21963E~10
=0,34720E-10
-0.29298E-07
=0.494170-14
-0.32767E-12
~0.31577E~14
-0.12204E-09
0.37638E-10
~0.16990E~-10

RESPONSE FRDM =

RANK
23
19
38
34
29
249
ia
40
30
33

7
31
L}
14

I
4%
'8
10
-1

90015

INFUT FRDM = 140393

POSETION (GYRO)Y CQEFFICIENTS.

EREQUENCY

Q.13764E
0.17525E
0.2EL133C
D.,19370F
0.22939C
0.25794610
0.28702¢C
D.28944C
0.309096C
0,31603E
0.32384€
0.32729E
0.34336E
0.36576E
0.38611E
0.38819¢
0.41984E
0.48225¢E
0.49330E
0.51462€E
G.521324E
D,522499E
0.5281Y9E
0.52912E
0.55803E
0.11957E
0.12446E
B.166C01E
0.17309E
0.20952L0
0.23872L
0.27020E
8.,29155E
0.30D45E
0.30800E
0.31635L
D,32781IC
0,33123¢C
0.36%20E
0.37GBOE
0.38871¢
0.43460E
b.a5861E
0.51102E
D.52131E
0,52227C
0,59475E
0.6074BE
0,.65135E
0.67311E

az
02
oz
02
a2
02
0z
02
02
o2
02
0z
a2
o2
02
0z
a2
ez
02
02
az
gz
']
B2
0z
o2
0z
02
02
(4
oz
o2
02
02
02
02
02
02
02
oz
0z
oz
62
02
02
02
a2
02
14
a2

HODE NO,

COEFFICIENT
0.87913E-13
~0.,42925E-13
=0.3809%E=-12
D.23523F-13%
0.38482E-11
0,625 11812
0.65266E-11
-0.83211E~-14
B.17670E~11
D.67110E~13
d.11E854E~1G
0.58127E-12
~0.12319F~13
-0.y5673E-12
~0.EB822E-11
~f,3%488L~12
~0,52996E-12
0.11151E=11
-0.899863E-]12
0.691960~16
-0.1C016%E~16
0,51043E-14
-0.10040E-14
~0,2240CE=11
-0.64273E-13
0,11953E-07
0,34782E-08
-0,26117E-08
032716908
0.33817E~08
0.,1bgode-07
0.52260E-09
0.45592C-0%
4.52030E-09
0.40847E~08
0.11949C~07
0,8R074C~10
0.67664E~09
0,2584090-08
1.146096E~07
0.30035%E~-09
D.12120E-03
0. 6%6646E-08
=0.73210C-023
0.22908E~12
=0.10027E-10
~D.16934E-12
=D.42530E-08
D.16910E~08
~D.18112€£-~09

RESPONSE FRDM =

RAMK

40
43
37
a4
27
33
25
46
22
4l
23
34
45
%1
26
36
35
e
32
67
50
48
69
28
62

[
10
13
13

9

1
15
19
17

3

3
22
18
12

F
206
15

&

5
33
24
19

7
14
21

90016

IHPUT FRDHM = 140392

et

VNIEO

1

IHVd
1 40 ATFIEA00

2
EH



€sl

POSIFION (GYRO) COEFFICIENTS,

FREQUENGY

0.137484E
0.17525E
0.18133E
0.19370€E
G.25796E
0.23702E
0.28944E
0.300%6E
QL31603E
$.32386C
9.32723E
0.34530E
0.34578E
0.35611E
9.35519E
0.%1%149E
0.48225E
D.49330E
0.51402E
0.52124%E
D.52244%¢
0.5283%¢
0.52912E
0.555038
D.1E557E
0.12544E
0.16301E
0.17Z0%E
0.20952E
0.238572E
0.2702DE
D.2791558
0.30045E
0.30800&
0.3X635E
0.32753%
0.33123E
0.35920E
0.37385F
0.38871E
D.434558
0.45841E
g.52102€
0.52131E
0.52227E
B.5%475E
0.607%3E
D.65135E
0.67311E

o2
o2
o2
02
82
oz
02
a2
9z
02
0a
02
a2
e
02
02
02
0z
02
o2
0z
o2
oz
0z
0z
az
0l
02
o2
02
02
02
o0z
oz
02
02
oz
ez
o2
o2
0z
0z
0z
oz
02
o2
Dz
oz
az
0z

MODE NGO,

R - R F g

COEFFICIENT
~0.18597E-09
D.44564E-10
D.20744C=09
~-0.28793E-10
-0.24223E-08
~0.21243E-09
~0,%0792E-09
D,37468E-11
-0.l18523E-09
~D._l23878~10
-0.,%7569E~09
=D.43686E=10
D.36221E~11
D.12395E-0%
D.33237E~0%
0.82410E-10
D.21941E~09
0.29893E~11
-0.18504E-11
=0,72615C~10
-D.BTFOG5EE-149
-0.318126-12
D.65605E=14
0.911%3E-11
-D.22320E~09
D.12064E-07
B.12165C-09
0.23290E-07
p.726925-10
0.17018E-07
-0.56768E-08
«B0.244156-08
D.18844E-08
0.54538E=09
D.39955E-08
B.14%9060-07
0.13746E-08
D.17060E-08
0.7T6701E-09
0.10418C=07
~2,184986-08
~k.06076C-0Y
=0,11521E~08
0.9460TE-T9
B.88032E-13
D.74392E=11
-0, 184558E-21
=0.90503E=08
~D.16874E~10
=-0.15182E~-08

RESPONSE FRDH =

RANK
28
35
27
37
16
26
19
42
29
29
17
16
A3
30.
23
12
25
4
46
34
49

22+

0014

INPUT FRDM = 140333

POSITION (GYRO) COEFFICIENTS.

FREQULHCY

0.137464L
0.17525E
0.18133L
G. 193708
0,229398
0.257%6E
0.28702E
0,28944E
0.30094E
0.31603E
0.32384E
0,32729E
0.34816C
0,36578C
0,38611E
0.3881%E
B.41914E
D.482258E
0.49330C
B.5i462E
D.E2i24E
0.52244C
0.52839E
0.52912E
B.55B03E
G.11957¢
0,124648
0,14801E
0.17309%E
0.20952€
0,23873€
0.27020E
0.29155E
0.30048BE
0.30800E
0.31635E
0.32753E
0.33123€
0,369208
0.37806C
0.38871E
0.,43466E
0.4584%1L
0.51102€
0,52131E
0.52227E
0,52675C
0.60748E
B,65L350
0.67311E

oz
o2
02
oz
oz
02
o2
a2
02
62
o2
a2
o2
a2
02
02
0z
02
02
az
02
02
oz
oz
02
02
g2
a2
gz
02
0z
o2
62
[+F]
b2
oz
o2
02
G2
o2
B2
02
o2
oz
0z
02
0z
02
02
0z

MODE NO.

COEFFICTIENT
-0.7%703E-08
=0.40199E~D?

0.16604E-07
~D.56633E-0%

0.11324E-08
6.12051E-~038
0.15934E-08
~0,51901E~10D
0.28395C-09
0.12917E-079

0.37653E-08

0.17364E-0%
-0.1LBBOE-10
-0.78950E-09
-0.2%137E-08
0.31%54E-00
=0.33607E-08
0.220B3E-09
0.3E370E-11
~0.636138-07
~D,12214E~12
-0.84192E-12
=0.56367E-12
-0.,20202E~07%
-0.40442E-09
~0.66875E-11
0.43104E~13
-0.17920E-110
-0.35829F-13
=0.189376-19
0.2462%7E~10
0.53610E-11
0.66652E~11
0,28700E~12
0.43267E~11
0.25%29E-10
0.36927E-11
0,66991E-11
0.26GB5E~12
0.35633E-10
0.49208E-11
0.66522E~11
=0.40616€E-11
0.13%00C-10
~0.31325E~-15
D.63055E-13
=0.54169E~-1n
=0.37395C-10
~0.23808E~-12
-0.,61953€-11

RESPDHSE FRDM =

BAHK
1
13
18
11
&
7
6
20
14
19

17

37
F24]
50
hé
4t
21
4
i3

90015

INPUT FRDM = 140393



padl

POSITION (GYRD) COEFFICIERTS.

FREQUENCY

0.13764E
0.17525E
0.18123E
0.19370E
0.22939E
D.25724E
0.23702E
0.28%44E
0.30095E
0.314603E
0,32384E
0.32729E
0.34834E
0.36578E
D.33611E
0.38319E
0.41914C
0.452258
0.493308
0.51452E
0.5212aE
0.522448
D.52839E
D.529123C
0.55303E
0.11957E
G.12440E
0.16821E
0.1730898
S.au%haE
0.23672C
0.27020E
0.29155E
0.30048E
0.30500E
0.31&35E
0.32753E
0.33123E
0.36920E
G.37888E
0.3887LE
0.43443E
0.453491E
0.5 102E
Q.52131E
0.52227E
b.59475E
0.607a0E
0,65135E
0.67311E

oz
o2
oz
gz
a2
a2
a2
02
oz
o2
]
a2
02
02
02
oz
02
o2
0z
02
oz
o2
62
02
o2
02
02
02
a2
Ga
02
02
02
¥
62
az
b2
oz
0z
hz
0z
02
oa
02
02
a2
02
az
a2
02

HODE NO,

COEFFICIENT
0.551917~10
-0.25346E~10
“0.75522E6~10
0.924980E-11
0.73363E=07
D.67¢03E-10D
€.39589E-00
~0.76981E-12
0.87605C-10
0.34587E-1}
0.45609E-09
0.2084DE~10
~0.1BO069E-11
~B.4YTYTE-L0
«0.12418E-09%
~0.74850E~)1
~0.58499E-11
-0.10298E~10
D.36906E-12
0.18210E-10D
D.1P059E=14
-0.21692E~12
~0.45519E~13
-0.18383E-10
0.11014E~00
~0,26752E-08
0.15670E-09
0.24780L~08
~0.23865E-09
0.2088BE-08
-0.373976-03
-0.11571E-0%
0.38469E-D7
0.10587E~09
0.80502E-09
0.343008-06
0.25623E-09
0.40915C-09
0.17184E-09
0.33701E~08
0.133S4E-09
D.36B89E-09
0.57851E-09
0.33484E-09
G.,14522E-13
0.19840E-11
~¢.29050E-12
-0.13031E=028
=0.10695E-10
~0,66063E-10(

RESPONSE FRDH =

RANK
30
32
27
38

9
28
13
44
246
41
11
33
q3
31
az
39
40
37
45
35
50
47
49
34
24

5
20

5
13

)

1
23
14
25

[}

2
17
iz
19

3
21
15
10
16
49
42
46

¥
36
29

90014

INPUT FRDH = 140393

POSITIDN {GYRD) COEFFICIENTS,

FREQUENCY

D.13764E
0.17525E
G, 181338
0.192370E
0.72939E
0.257%6KE
0.28702E
0.28904E
0.30096E
0.31603E
0.32384E
0.22729E
D.346036E
0.316578€
0.38611E
D.38819E
0.0)914E
0.48225E
0.49330E
6.51462E
0.52124E
D.52244E
0.52839€
0.529L2E
0.55803€
0.11957E
0.1244GE
0,16801E
0,17309€E
0.,20952€E
0.23872E
0.27020E
0.29155E
0.30048E
0.30800E
0.3k635C
0.,32753E
0.33123E
0.34920E
0.37888E
0.3058718
0.43468E
0.450841E
0.51102E
a,52131E
0.52227E
8.59475E
0.40748E
0.65135E
0.67311E

02
0z
02
02
02
02
02
02
02
02
02
02
g2
0z
0z
0z
02
02
02
02
02
02
02
02
(%3
0z
0z
e
02
0z
02
02
02
02
02
02
02
02
02
02
vz
02
02
02
0z
02
02
az
02
0z

HODE HNO.

47

L]
46
a7
L1
av

51
52
53
54
55
56
57
EE

COEFFICIENT

R
[=N=R-=l=R=Rou_N- Nl — -~ Nl - = = I = N

OCoODORLOISLRLOCCOoOOCoCoDoCooCoOt

0.29742E-08
-0.26881E-09
-0.683556~08

0.12320€E-09%
~0.13553E~07
“0.547520-08
-0.334920-03

0.425600-09
~0.24560E-07
~0.10788E-08
=0.57209C=-08
-0.20613E-07
-0.48016E-09
~0.12148E~-08
~0.63103E-02

0.85239E-0%

0.44221E-09

0.126330-02

D.77632C~09
-0,197158-12
~0.4072%€-11
-0.313106~11
~0.19340E-08
-0.12977€-06

0.361276-09

RESPONSE FRDM »

RANEK

50
49
48
47
46
45
H4
43
G2
41
49
39
k1
37
36
35
36
33
k14
31
30
29
F4:)
27
26

7
20

2
22

1

5

14
17
21
12

4
17
15
11

3
13
15
10
14
25
23
24

&

?
13

90054

INPUT FPDM = 14039)



6§51

POSITION (GYRQ) COEFFICIENTS.

FREQUERCY

0.13764%E
6.17525€
G6.13133€
0.19370E
G.22939E
0.25796E
0.286702E
0.23944F
0.300%68
0.31403E
0 321548
B.32729E
0.34535E
0.34573E
0.33611E
0.35519¢%
0.41714E
0.43225E
0.49330E
0.51442¢F
0.52124E
0.52244E
0,5283%%
a.52912E
0.55803EF
0.11957E
0.124454E
0.1450LE
0.17309:
C.2375eE
0.23372E
0,27020E
9.29155E
0.300488
0.30500%
0.31635%
0.32753E
0. 3MI23E
0.3592GE
6.37845E
0.3538T1E
D.434468BE
0.45841EF
6.51102¢C
0.52131¢
0D.52227E
0.59475E
0.60748E
0.65135E
D.67311E

oz
02
02
02
gz
ez
&2
02
02
92
62
4
a2
02
02
02
[l
02
o2
02
a2z
02
a2
o2
a2
02
(114
62
02
az
G2
oz
02
02
02
02
02
02
02
@2
az
oz
02
oz
az
u2
[
02
0z
02

HODE NQ.

CODEFFICIENT
0.46697E-08
0.25007E-09
D.472952E-09
0.22806E~C9
~0.22631€~08
~0.51313E-08
0.1453372E~06
~0,27561E=-09
0.51840E~-09
=0.17571E~0%
D.76696E-08
0.44068E~-09
0.71353C-10
~0.125%3E~09
~0.62456E-1D
D.Y1276E-08
=0.31313E~-08
~0.33165E-0%
-0.54962E~10
0.21012E-11
0.3665%E~13
6.70360E~12
0.29#69E-12
0.37275E-10
0.20588E-11

o0 CoDOoODLOOEROoOoOoDO0OODDOoODOR0O

—N-N--N-N-N-N-R-N-N-l -l - - R~ -]

RESPONSE FROK =

RANK
3
13
9
14
5
2
]
12
8
15
1
10
17
18
20

?

[
11
19
21
25
23
24
10
22
50
49
498
47
46
45
44
a3
42
4q1
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26

20055

INPUT FRDH = 140391

POSXTION (5YR0) COEFFICIENTS.

FREQULNCY

0.13764E
0,17525E
b.106133E
0.172370E
0.22%39E
0.25796LC
0.28702C
0.20946E
0,.30026E
0.31603E
0.32384E
D.32729E
0.34B834E
0.36578E
D.30611E
0.36819E
Q.41 914E
0.4B225E
0.49330E
0.51462E
0.52124E
0,52244E
0.5283%E
0,52912€
D.55803E
0.11957E
0.12406E
0.16801E
0,17309E
0.20952E
0.23872E
b.27020E
0.29155E
0. 30048E
0.30800E
0.316398
0.3275%E
0.33123E
0.36920E
0.37806E
0, 38871E
0.43468E
D.45861E
0,51102E
D.52131E
0.52227E
0.57475€C
0.60748E
0.65135E
G.67311E

0z
o2
02
nz
02
0z
0z
02
02
02
02
0z
02
02
D2
1F4
nZ
oz
o2
oz
0z
nz2
nz
02z
02
D2
0z
02
o0z
bz
02
a2
02
02
02
02
02
02
02
0z
oz
02
n2
02
og
0z
oz
02
02
0z

NODE HO.

54
55

55

58

OLCFFICIENT

C
[+]
0
0
0
0
o
]
1}
a
1}
0
0
0
0
0
0
0
0
1]
1}
0
0
]
4

-0,468973E=-09
=0, 34804E-09
-0,76834E~07
-0.369065-07
-0,17770L-008
-0.338B4E~08
~0.20434E-09

D.70714E-10
-0,4668530~10
~0.21248E-07
-0.12846C-00
~0,51621F=10
-0.10366E-09
~0.27225C~07%
~0,1%5050-08
=0.,48030E-10
=0,16443E~-09
-0.62921E=09

0.22859E-D9
-0,34060E~13
-0.8%0660~-12
-0,42464E-12
~-0.22B29E-09
-0, 71457E~D9

0.65666E~11

RESPONSE FRDHW =

RAHK

50
49
45
47
46
45
44
43
42
41
40

#0056

IHPUT FPDH = 140391



951

FOSITIO!H (GYRO) COEFFICIENTS.

FREQUENCY

0.13764E
0.17525€E
0.18133E
0.19370E
C.22F53FE
0.25796E
0.25702€
0.28944E
0.30096€E
0.31403E
0.323384E
0.32729E
g, 343588
0.35573E
0.38611E
0.35317¢
9.41914E
0.43225E
D.45333F
0.51440C
0.52124E
D.52244%
B.52339E
0.52912E
0.55803E
D.E1%57E
0.135468
D.16501E
0.17309E

.2DS52E

0.23372C
0,27020E
0.371558
0. 33043E
0.3CE5J0E
0.31635E
G.32753E
0.33123¢
0.35%20F
0.37355E
0.35871E
0.436G63E
G.45841LE
0.51192
6,52131E
0.52237E
0.5%475E
0.6074SE
G.65135E
4, 67311E

02
02
az
nz
G2
0z
o
oz
a2
0z
0z
0z
o2
g2
02
(L4
62
02z
a2
0z
oz
a2z
a2
a2
02
a2
o2
a2
]
oz
02
az
oz
02
[\
a2
o2
a2
az
02
02
02
ez

E 02

6z
62
0z
oz
0z
02

HODE HNO.

69

56
55
26
57
E1:]

FRTCICHT

0
~0.53375E~07
0.26661E-08
=0.22569E-07
~0.35865E~09
0.27393E-07
21974E-07
0.10957E-07
0,22344E-08
26752E-048
0.2018%E~07
0.5170%E~07
0.47528E-09
B,198E51E~08
B8.11281E=-D7
0.42%54E-07
=0.41T44E~08
-0.29344E-08
=0.10019E-07
=0,19457E~-07
0,14]120E~11
~0.36824E-10
~0.1DB30E~11
=0.27260E-07
0.26634E=08
-0.41088E-08

RESPONSE FRDH =

RARK
50
49
43
47
LE:]
45
L4
43
42
41
4“0
19
ia
7
36
35
14
33
32
31
30
29
28
27
26

i
1a
6"
21
5
7
11
19
16
a
2
22
20
10
3
13
15
12
9
24
23
25
G
17
15

q0054

INPUT FRDM w 140392

POSITION {(GYROY COEFFICIENTS.

FREQUENGY

G.13744E
G.17525E
0.18133E
0.19370E
0.22939E
¢.25796E
0.28702E
0.28944E
0.30096E
C,31603C
0.32384E
0.3272%E
0.349834E
0.36570E
0.38611E
0.38819E
0.61914C
0.48225€E
0,493350E
0,51442E
D.52124E
0.52294E
0.52839L
0.52912E
0.55803E
0,.11957E
0.12446E
0.16801E
0.1730%9E
0,?209%52r
0.23872€
0.27020€
0,29155E
D.30040E
0. 39600
0. 31435E
0.32753C
0.33123€
0.369208
0.37600BE
1.38671E
0.4346BE
0,.45841E
0.51%02E
0.52131E
U.52227E
0.59475E
0.60748E
0.65135€
0.67311E

134
02
o2
o2
vz
02
02
0z
0z
02
02
02
02
a2
0z
02
0z
a2
07
62
G2
[+F
02
[}
02
0z
02
nz2
a2
12
a2
02
oz
02
02
oz
02
oz
02
n2
o2
a2
02
02
02
0z
0z
02
o2
02

KODE HNO.

COEFrLICIENT
~0.12536E~-10
~0.69343E~12

0.5504%E=12
~0,14004E~11

n,951150=-11
0,11486E-10

B.30574E-10
~0.5580%E=12

0.67384C~11

0.25157E~11
0.20318E-09
0.50973F-11
~0.13076C~12
-0.17533C-10
~0,986850-10
0.1810BL~09
~0.276L26E-09
~0,20170E~10
~0.985IDE-11
={. 23545012

6.111946-14

0.335710-13
~0.13B0%E=12
-D.275240L-10

0,1700%9E-12

0

R
[—R-B-S-A-N-R-R-E-N-N-N-N-N-N-N Y- -]

COoOoQOoOCoODT OO0 OCO 0D

RESPUNSE FRPM =

RARK
b
17
19
16
12
in
5
18
13
15
3
14
22
a
4
2
1
T
11
20
25
23
24
[
21
s0
49
48
47
b
45
44
43
42
41
40
39
E1
37
36
35
34
33
I2
31
a0
25
28
27
26

90055

INPUT FRDM = 140192



LS1

POSITION (GYRD) COEFFICIENTS.

FREQUENCY

0.1370hE
0,175258
0.}8133€
0.19370E
0.22939E
D.25796E
D.257028
0.25944E
0.30056E
0.31503E
O.X2334E
0.32729€
0.34336E
0.30578E
0,3541LE
0.33319C
D.41914E
0.43025E
0.49330E
G.51462E
0.521240
B.33244E
0.5I81%E
0.5091CE
0.55803E
B.11657E
Q.12446E
D.15801E
0.17309E
G200k
0.2357ar
0.27020E
0.29155E
B.30645E
0.36500E
0.31635E
0.327538
0.33123E
0.35920E
0.37BSSE
D.38871E
0.434¢68E
0.45541E
0.51102E
0.52131E
0,52227E
0,59475E
0.60758E
0.651315€
D.£7311E

02
a2
0z
0z
02
o2
oz
02
02
o2
oz
02
02
02
a2
02
02
az
a2
02
b2
0z
02
0z
u2
b2
02
02
02
v
02
02
02
o2
a2
02
02
oz
02
02
o2
a2
oz
02
g2
02
62
az
oz

02

MODE HNO.

COEFFICIENT

OO DOoOo0COo0O0oopQRoODoo LoD od
IR R I

Qoo O0ooORDOoOOLOoOLDOOODOOOoD0O®

0.11769E-0Q7
0.33741E~08
~0.25368E-08
0.27172E~C8
0.359)0E-08
0.184004C-07
0.66710E=-09
0.41324E-09
0.D1452E=09
.39746%E~-08
0.11470C-07
D.80221E~1D
0.,42853E-09
0.25347E~D8
0.13277E-07
G.23522E~0%
0.10%11E-08
0.49903E-08
-0.57291E-08
D.29324E-12
-0.81269E=11
~0.14688F-12
=0.34644E-08
0.14664E-08
~0,.74683E~10

RESPOWSE FRDH =

RANK
50
49
L1+
%7
(13
45
A4
43
42
4]
40
39
38
37
36
35
36
33
32
31
30
29
28
a7
26

3
10
12
11

B

1
16
19
17

7

4
21
18
13

Z
20
15

6

5
4
23
25

9
149
22

200546

INPUT FRDM = 140392

POSITIPN (BYRD) COEFFICIENTS.

FREQULNCY

B.13764E
0.17525E
0.10133E
0.19370E
0.22939E
0.25796E
0.28702E
0.28944E
0.300%6E
0.31603E
0.32384E
0.32729EC
0.34836E
0,3657BE
0.33611E
4,33819€
0,41%10E
0.40225E
0.4%310C
0.51462E
0,52124E
0,52249E
0.52839C
0,52912€
0,55803E
0,11957E
0.12446EC
0.15601E
0.17309E
o.20952r
0.23872C
0.27020€
0,29155¢C
0, 300461
0.30800C
0.31635€
0.32753€
0.33123E
0.36920E
0.37888E
0.38871E
0.43668E
0.45841€
0.51102¢€
0.52131€
0.52227E
0, 594758
0.60748E
0.65135E
0.673L1E

MODE HO.

Lo )
=R -TEVEORT

12
13
14
15
114
17
18

24
21
2
23
24
a5
26
27
28
34
35

37
38
39
40
51
42
43
44
45

47
48
49
50
51
52
53
54
55
56
57
58

FFICYENT

0.120588=-07
0.12D089E~D%
0.23189E-07
0.75424E-10
0,14%20E-07
-0.55489E~08
~0,242E3E-08
0,18053E-08
B,.54276C-0%
0.39720E-08
0.14B20E~-07
0.13717E-08
0.17040E-08
0.764052E-07
D.10294C-07
=0.18557E~08
~0.BBB76E=09
-0.11713E-028
0.8898%L~09
P.B8950FE-13
0.7175%E~11
~0,185/LC~11
-0.0%655E-08
-0.,16E45E-10
~0.14982E~DB

RESPONSE FRDH =

RANK

50
49
48
47
hé
45
44
43
42
41
40
k3
8
a7
16
13
14
33
iz
11
30
29
2B
27
26
4
20
1
2L
a
7
9
10
19
2
3
[
¥
3]
5
I1
17
15
14
25
23
24
6
22
13

90054

IHPUT FRDM =

160393



861

POSITION (GYRD) CODEFFICIENTS.

FREQUENCY
D.11764E 02

0.17525E
0.18133E
0.19370E
0.22933%E
0.25796E
D.258702E
0.23764E
0.30095€
0.31603E
0.323548
0.327298
0.34334E
0.36570E
0.33611E
0.33215%E
0.419128
0.43225€
0.49330E
B.51441€E
O.5226E
0.52244E
Q.520398
O.52%128
0,.55303€
0.11%5%E
Q1296468
0.16301E
0.17305€
G.l3%3E
0.23372E
Q 27020E
0,29155E
0.30043E
0.30300E
0.31635E
0.32753€
0.33123E
B.369208
0.37388E
t.383T7LE
O, 43455E
0.45841¢€
0.51102&
0.521318
0.52227¢8
0.5%9475€
0.50745E
0.65135E
0.67311E

¥z
o2
¥
62
0z
02
02
02
134
02
nz
o2
wz
U
02
02
62
02
02
02
02
g2
oz
02
0z
az
02
02
oo
[
g2
gz
€2
il
g2
02
02
02
02
02
02
az
02
12
a2
02
o2
02
oz

MODE NOG.

COEFFICIENT
=0.783702E-03
~0.40946E-09

0.10912E-09
=0.55058E-07

0.13271E-08
0,12423E-08
0.13546E-03
~0.51631E~-10
0,337BNE-09
0.12%45C-09
0.3%7G68E~DB
0.18275E-09
~0.19183E-10
—~0.76563E-07%
~0,20829E-08
0.34151E-08
~0.30495C-08
0.18627C-09
0.40403E-11
~0.61966E-09
~0.,11742E-12
~0,14275E-11
~0.62764E~12
-0.225876~-09
-0.2%152E-09
0.0

DO D0DOo00OO0O0QOC oo o0REELIEDOO

(=R -=R-R-R-R-g— - N_N_-R- N -N-R-N-N N NN - - ]

RESPONSE FRDHN =

RANK
1

12
19
11

7

)

[
24
13
13

2
17
21

7

5

3

4
14
2z
10
25
23
24
15
14
50
4“9
48
a7
46
a3
&4
43
G2
41
40
39
3a
37
36
35
34
33
32
31
30
29
Z28
27
26

90055

INPUT FRDM =

140373

POSITION (5YRO)} COEFFECIEMTS.

FRCQULNCY

0,13764E
0.1782E8E
0.13133E
0,19370E
D.22939E
0.25796E
0.23702%
0.23945E
0,.36095E
0.31603E
0.32384E
0.32729€E
0.34836E
B.36578E
$.308611E
0,3381%€
0.41914f
0.48225E
0,49330E
0,51462E
B.52124E
0.52264E
0,52B839E
0.52912€
0.55803¢
0.11957E
0.12444E
0,16801€
0.17309E
0.20952E
0.2J87CE
0.27020E
0.29155E
0.30040E
0.20800E
0,31635E
0.,32753€
€.33123¢C
0.36920E
0.37888C
0.38871E
0.43468E
0.45841E
0.51102¢g
0,.52131€
D.52227E
0.53675C
0.60746C
0,65)35€
0.67311€

02
02
02
D2
02
02
oz
02
0z
1)
02
02
[+
0z
02
[¥]
h2
02
02
02
02
a2
o2
nz
0z
nz2
D2
02
o2
Dz
b2
02
02
2
oz
02
02
02
02
n2
02
02
0z
02
02
02
a2
az
'H
02

MODE HO.

OEFFICIENY

.
.
.

.
.
.
.
.

c
0.0
o.0
0.0
0.0
a.a
0.0
.0
0.0
0.0
0.0
0.0
0.0
.0
0.0
0.0
0.0
0.0
0.0
o.o0
0.0
0.0
0.0
0.0
0.0
0.0

=D.26342E-DD
D.15652E~0%
D.260GSE-DB
~0.23868C-09
B.221086E~D8
-0 39407E~08
~0.14815E-09
B.34269E-09
9.104391-09
0.78370E-09
0,328677€-048
0.23156E-09
0.36709€C~-09
0.17090E~09
0.31¢£18C-08
0,1D457E-D9
0,.33048E-09
0,.56364L=-07
0.262030~07
0.156464E~13
0.1E833E-11
-0.251976-12
~0.10615€-~00
-0.92758&~11
=0.27232E~1D

RESPONSE FRDM =
RAHX

50
49
48
a7
46
45
44
43
42
41
40
39
38
37
36
38
14
33
iz
3
30
29
28
27
26

4
17

5
14

[

3
18

20056

IRPUY FPDM = 140353



651

POSITION (GYRD) COEFFICIENTS,

FREQUENCY
0.137464E 02

0.17525E
0.18L 338
0.19370E
0.22959E
0.2579¢E
G.23702E
0.28944€
0.30095E
0.31603E
B.32324E
6.32729E
0.348336E
0.36575E
0.38411€
G, 38819E
D.41714E
0.483235E
0.49330E
0.51462FC
0.52124E
0,.52244E
0.52839E
0.52912E
0.55303€E
0.119587E
0.13445E
0.16501E
N,1730¢E
0.2C952E
0.03372L
D.27020E
0D.2%155E
0.30845€
0.,30509&
0,3163358
0.32753E
0.331238
0.369208
0.37383E
D.38871F
t.63463E
0.45841E
9.51102€
0.5213LE
0,522276
0.5264758
0.40743E
9.65135E
B.67311E

02
o2
o2
0z
oz
oz
02
02
az
o2
o2
02
02
02
a2
a
a2
a2
a2
o2
02
02
02
0z
a2
n2
a2
az
az
o2
o2
a2
oz
02
o2
0z
Q2
1
nz
a2
oz
o2
o2
oz
02
oz
oz
02
02

HODE NO.

COEFFICIENT
-0.17583E-08
0,72186E-08
-0.35470C-10
-0.68763E~09
~0.170458-07
-0.30370£-08
0.24524E-08
0,267035-08
-0.30239E-08
0,47600L-09
0.379336-08
0.25127E-09
-0,9230320C-0%
0.235076-09
0.53270E-09
-6.48437C~08
-0.76539C~03
-0.82177E-09
-6.47100C-10
0.27347E-11
-0.29512E-13
-0.15883E-11
-0,49349E~12
-6.19323C~10
0,14977E-12
~0.43991E-10
-0.51861E-09
-0.11061E~09
-0.51973E-09
-0.17042E~10
~0.494L1E-09
0.42950E-09
0.30038C-10
0.40844E-11
-0.25937E-~10
0.57107E-10
-0.14275E~10
-0.25404E-11
0.64550E~11
0.42176€-10
0.16042E~10
0.85396E-11
€.10004E~09
~0.42653E-11
-0.39776E-12
0.19366E~13
0.73997E~11
~0.36336E-10
0.,220836~10
-0, 77538E-10

RESPONSE FRDM =

RANK
10
3
3n
13

U013 0

34

321

INPUT FRDM = 140371

POSITION (GYRQ) COEFFICIENTS,
5

FREQUENCY

0.13764E
0.17525E
0.18133E
a,19370E
0.22939E
0.25796K
0.208702€E
0,28904F
0.30094E
0.316403C
0.32384E
0,32729E
0.34836C
D.36578E
D,38611E
0.38819E
0.41914E
N.48225E
0.49330E
0.514462E
0,.52124E
D.52244E
0.52839E
0.52912E
0.55803E
0.11957E
0.12446E
0.16801E
0.317307E
0.209%2E
0,23872E
0.27020E
0.29155E
0,30063C
¢.30800E
O.31638E
0, 327536
0,33123E
0.36920E
0.378456E
D.38871C
0,43458E
0.45841C
0.51102€
0.52131E
0.52227E
Q.524750
0.60748E
0.,65135E
0.67311E

oz
02
o2
02
o2
02
02
02
o2
nz
oz
o2
oz
02
02
02
02
02
02
0z
o2
02
02
[LF4
02
02
02
o2
02
a2
o2
[}
02
o2

HODE NO.

COEFFICIENT
0.48007E~-11
-0,20017E-10
=0.41288E~-13
0.42225E-11
0,71637E-10
0.67979E~11
D.51504E~10
0.54072E-11
~G.39225E-10
~0.62150L-11
0.51033E-10
0.32536E-11
0.14035E-11
0.32781E~-10
0.12382E-08
~0.77758E=07
=-0,.569335E-07
~0D.49979E-10
~0.84419E~11
-0,306%3E~12
=0.%0116E~15
~0,7586256-13
0.23198E-13
0.60452E-11
0,123926=13
0,796087C-09
0.50279E-08
-0.36R1%E-07
0.36221E-08
B,304005F=-10
0.19831E-08
—-0.,14044C-08
0,15770E-0%
-0.44B53L-10
0.48539E~09
=0.5092%E-0%
0.22162E-10
D.}0503E-10
-9,57%52E-10
~0.28709E~09
=-0.78562E-10
~0.56566E-10
-0.7%338E-0%
B.10690E~09
0.28488E-11
¢.17509E-12
G.2L094E~11
~0.54975€-07
-0.453236-10
D.EEB184E~DD

RESPONSE FRDH =

RANK
30
33
a7
39
19
35

22,

a7
27
314
23
40
43
29

5

¥
10
24
33
449
50
46
48
k13
49

7

1
14

2
28

3

4
16
24
13
12
30
a2
20
15
18
21

&
17
41
45
52
11
25

6

521

INPUT FRDH = 140392

s g W
n& :?Vﬂﬂ‘ﬁn

¢!
14
[

G
&



Qst

POSYITION (GYRD) COEFFICIENTS.

FREQUENCY

D.2376aE
0.17525E
0.18133E
0.19370E
0.229319E
0.25794E
0.28V02E
0., 33%44E
0.30055E
D.315D3E
0.32334¢E
0D.32729E
0,348535E
0,30575¢
g,33811E
D.38519¢€
0.%1914E
9,43225E
0.49330F
8.51462E
0.52124E
0.5224%E
r.52839E
0.5R2912€
0.55803E
0.11587%2¢
I Bl Y -
0.1s8018
¢.17309E
G,L07348
B.23372E
0.2706208
0.29155E
0.30Q048%
0.30300EF
0.30e358
0.32753E
0,33123%
8.35920¢%8
0,37553E
0.33571E
0.63448¢
D.65851E
0.51108E
D SITILE
B.52227E
G.53%475;
p.507uST
B.565135E
D.E73511E

124
02
02
[
02
2
a2
o2

-
Z

ue
B2
n2
nz
02
ne

HODE NO.

COEFFYCIENT
p.30139E-08
-0.11820E-07
~0,81849E~11
0.16601E~08
0,137516=-07
6.73517E~09
D.31290E-04
0.50Q24E-09
-0,19764E-08
=-0.3512HE~09
0.19669E-08
6.11665E-0%
0.20584E=09
0.143156-08
0.26134E-07
-0.14670E~07
~0.76536E~08
0.06156E-09
0.34624E=11
-0.BOG4SE~0D
D.94531E~13
0.322246~11
0.105178-11
0.47607E~10
-0.21239€6~10
-0.17835E~0%
$.23323E-09
0.37524E-D9
~0,31818E-09
UL 2127eE-10
-0.50076£~07
0.31140E~09
0.133066-09
~0.91008E~11
0.95662€=10
~0.14415E-0%
0,63971E-10
0,20156E-11
-0.40422E~11
-0,68303E-10
~0,34924E-10
-~0.17163E~10
~0.32781E~L0D
-0, 48093T-11
b.13059E-12
~0.34220E=13
§,693903E-11
-0,16345E=09
0.23667E~12
0.32154E~09

RESPONSE FRDH =

RANK
7
K]

40
io
3
13
&
15
a
18
?
28
21
11

521

INPUT FRDH ® 140393

POSITION (GYND) COEFFICIENTS,

a
FREQUCNCY
0.13764E 02
0.17525€ 02
0.18133C 02
0.19370C 02
0,229398 02
0.2579¢08 oz
o,287020 02
6,28946E 02
B.300965 D2
0.31483C 02
0.32384E 02
0.327298 02
0.34036C 02
0.36578E 02
0.38611E 02
¢, 385819C 02
6,41016E 02
0.48225F 02
0.49330L 02
©.514520 D2
0.52124F 02
0.52244E 02
0.52839E 02
0.525128 02
0.55803E 02
G.11957E 07
0.12466E 02
0.1660LE 02
0.17309%9E 02
0.269520 02
0.23a72k 02
©.27020E D2
0.29155€ 02
0.30064L 02
0, 30800 02
0,31635€ B2
0.32753E 02
0.33123E 02
0.36920¢ 02
0.37838€ 02
0.38471€ 02
D.4306BE 02
D.4504LE Q2
0.51102E 02
0.52131E b2
D.52227E D2
0,59475C 02
0.60748L 02
0.6513%E 02
0.67311E 02

MODE NO.

FFICIENT

~0.53982E-08
~0,1254%E-08
0.16630E~07
B.64036E~09
0.2760LE~07
0.53032E~07
0.83102E-08
0.31696E-08
~0.35917E-07
~0.29950E~DE
~0.132367E-07
~0.1010%E~08
~0.22694E~03
=0.10199E~08
-0,16214E~07
-0.7074%E-07
~8,884236~09
8.426357T-00
G.14216C=08
0.33770E~12
~0.1521BE-)1
9.397870~11
0,23628E-048
0.89737E-D38
~0.27160E=09

RESPDNSE FRDH = 128762

RANK

50
49
43
47
46
45
44
5%
42
41
49
%9
343
ar
34
5
34
33
32
31
39
29
2
7
26
a8
15
3
24
2
L
7
18
21
1§
8
17
13
¥4
4
18
19
9
14
25
24
23]
12
[
22

INFUT FRDHM = 140391



19l

POSITION [GYRO) COEFFICIENTYS.

FREQUENCY

D.13744E
0.17525E
0.13133E
0.19370%
3.2273%¢
0.25795E
4.28702E
0.28%44E
.30096E
0.31603E
0.32354F
0.37272%E
0.34336E
B.36573E
0.38611E
0.3381%E
Q.41714C0
0.43225¢
0.59338E
0.51462E
0.52124¢€
0.52244%5
0.52339¢
G.509%128
0.553503€
D.1L957€
D.12445E
D.16301E
B.1730%E
9.20952¢
0.23372E
0.27020¢&
0.29155¢8
0.30045E
0.30300E
D.31435E
0.32753¢E
0.33123E
0.35920¢€
0.376035¢
0.355%1¢
0.43468E
0.48841E
0.51102E
0b.52131E
0.52227E
0.5%475F
0.607485
0.65135E
0.67311E

0z
02
ac
62
a2
g2
02
02
oz
02
oe
a2
02
[+
o2
g2
ol
02
02
a2
02
02
02
a2
0z
02
02
114
o2
02
gz
02
¥
e2
o2
0z
02
a2
02
02
02
02
02
G2
02
o2
ar
02
02
02

HODE HO.

FFICLENT

c
0
L]
]
0
Q
0
0
0
o
a
]
7]
a
]
Y]
0
Q
0
a
4]
Q
a
0
0
1]

.
.
.
.
.
.
.
+
.
.
.
.
.
.

E
0
i]
a
a
]
a
[+]
0
1}
o
]
g
1]
Q
4]
o
b
o
a
0
a
0
0
a
q

0.105634E-06
D.12162E-07
G.54935E-07
~0.44431E-08
-0.55369E=-07
~0,22067E-06
~0.27212E-07
0.16325€~07
0,39443E-08
0.56050€~07
0.119356-06
0,1565%E-038
0.93410E-08
0.94713E-08
0.11037E-0D¢6
0.34648E-08
D.45403E-08
~0.33812E-07
~0.35630E-07
~B.24187E~11
=0.179L7E-1C
a,13762L-11
0.35748E-07
-0.184%17E~-07
0.30390E-08

RESPONSE FRDH = 120762
RANE

50
49
48
a7
46
45
44
43
LT
41
40
R
ia
37
it
i5
14
33
32
3
3a
29
28
27
eb

4
14

7
13

3

1
11
13
19

5

2
22
16
15

3
20
17
10

4
24
23
5

8
iz
F

INPUT FRDM =

140392

POSITION (GYRD) COEFFICIENTS.

FREQUENCY

0.13764E
0.17525E
0.18133E
0.19370E
0.22939E
0,25796E
6,28702E
0.289449E
0.30896E
0,31603E
0.32386E
0.32729%C
0.34836E
0,36578E
0,38611E
0.348819E
0,41%14E
0.48225E
0.49330E
D,51462L
0.52124€
0.52204E
0.52039€E
0.52%12E
0.55803E
0,11957E
D.120496E
N.14801E
0.17309E
0.20952¢
0.23872E
0.27020E
0.2%155E
0.30048€
0.30800CE
0.31635E
0.32253L
0.33123E
0.36920E
0.37008E
0.38871E
0,43468E
¢.430410
0.51102¢
0.52131€
0,52227C
0. 59475E
0.60748E
B.65135E
0.67311E

0z
oz
02
o2
a2
a2z
02
02
02
02
a2
9z
02
02
02
a2
o2
0z
02
02
oz
oz
a2
02
a2
oz
0z
02
02
o2
a2
ae
02
oz
02
02
gz
n2
02
0z
02
02
o0z
o2
o2
a2
02
0a
02
02

HODE NO.

COEFFICIENT
0.0

(=~ R - =N = - = = R - =

P

MOCoOCoOoOCO0O0OooDoooOeoonLeca

-0.23713E=07
U.56413E=0%
-0.56446E=07
0.39204E=09
-0.34509E-07
0.55772E-07
0.60252E-08
0.13775C~07
0.80029C-07
0.11046E~07
0.34210E=07
0.45:860-08
0.80183E~08
D.63859C-09
0.26451C=07
0.15403E-~08
0.13752E6-08
-0.39546E~08
0,16296E-08
-0,15332E-~12
U.34916E=11
0.346080-11
0.10953E-07
0.116496-0%
0,11264C-08

RESPONSE FRDM » 120762

RARK

24

IHPUT, FROM = 1403%3



5.0 CRITICAL RESONANCES FROM REALISTIC MODELS

The -determination of critical resonances for the realistic Space Shuttile
model at Tiftoff, max g and SRB cutoff was accomplished by calculating
structural admittances for each of the input/response pairs previously
identified in Table 4-1 using postprocessor Option 6.

5.1 SELECTION OF ANALYSIS FREQUENCIES

In general, the admittance peaks do not occur at modal frequencies. For
example, the peak displacement admittance for a damped single degree-of-
freedom system occurs at a frequency g8 = w/1-z2 and the acceleration
admittance peak occurs at g=w/v1~ zZ where » is the modal frequency and

r is the equivalent modal viscous damping ratio. For a multi-degree-of-
freedom system, the proximity of other modes causes further shifts in peak
resonances, particularly when modal coupling is significant. Therefore, to
-find the resonance peaks for the Space Shuttle, admittances must be calculated
for several frequencies in the viscinity of each modal frequency and between
modal frequencies.

The analysis frequencies (8) chosen for each modal frequency (w) are as
follows:

W, mﬁ-i;z, m//l-zz, wt.1, wt.2 rps.

Some of these frequencies were omitted for closely spaced modal frequencies,
and additional analysis frequencies were included between widely spaced
modal frequencies.

5.2 CRITICAL RESONANCES

Displacement, velocity and acceleration admittances (amplitude and phase angle)
for the input/response freedoms shown in Table 4-1 were calculated and ranked
using postprocessor Option 6. The complete set of tabulated data for 1iftoff,
max gq and SRB cutoff are contained in Section 3.0 of Volume II. These tables
indicate which resonances are the primary contributors to the structural
response of each response freedom due to excitation at each input freedom.
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Selected response/excitation pairs for the 1ifteff condition are used in
Section 6.0 for the comparison of the admittance technique with the con-
ventional modal selection method.
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6.0 ADMITTANCE METHOD COMPARISON AND MODAL EXCITABILITY CRITERION

The ranking of critical resonances for the realistic model at 1iftoff using
the admittance approach was compared with the ranking of critical modes for
the conventional model. There are significant differences in the rankings
resulting from the coupling introduced by discrete joint damping in the
structural model. A criterion for assessing the effect of damping in struc-
tural joints on the excitability of structural modes is presented.

6.1 .COMPARISON OF REALISTIC AND CONVENTIONAL MODELS

The most significant result obtained from the comparison of the realistic

and conventional models is that the damping in structural joints produces
significant modal coupling. Figures 6-1 through 6-3 show displacement, rate

and acceleration admittances for several response freedoms due to excitation

at one outboard Space Shuttle main engine (gridpoint 14039) and at one SRB

engine {gridpoint 513) for both the realistic and conventional models. The
frequency range was reduced for these comparisons to provide better definition

of fregquency shifts resulting from modal coupling. The curves shown in the
figures are displacement admittances for the position gyro in the Orbiter inertial
measurement unit (IMU), rate admittances for the SRM forward and aft rate gyros,
and the Orbiter rate gyro, and acceleration admittances for the aft dome of the
ET LOX tank and the crew compartment instrument unit for the realistic model.
Shown as points on thaese curves are the admittances ca]culated for the conventional
model using two methods for comparison: (a) using a uniform damping ratic of

.01 for all the modes and (b} using the damping ratio determinad from the diagonal
term in the coupled modal damping matrix.

For some resonance peaks, the conventional model using method (b} (damping
calculated from the diagonal term of the coupled modal damping matrix) comes
close to the realistic model admittances. But for the resonance peaks which
show strong modal coupling, the conventional model admittances are signif-
icantly lower than the realistic model. In fact the conventional model
admittances are zero for some resonances which are significant in the realistic
model. As an example, for the position gyro response in the pitch (gy) direction
(Figure 6-1), the admittance peak at approximately 18.2 rad/sec js the second
highast peak for the realistic model; but for the conventional model, the mode

at 18.1 rad/sec ranks fourth in criticality. Therefore modal coupling due to '
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G2

structural joints can have a significant effect on identifying the resonances
which are critical for dynamic analyses. )

6.2 CRITIERIA FOR THE EXCITABILITY OF MODES

The admittance matrix for selected response/excitation pairs can be used

to identify critical resonant frequencies for points of interest throughout
the structure. The frequency of the admittance peak is used to identify the
dominant mode associated with that peak. The peak admittance amplitude is
used to calculate an equivalent modal viscous damping ratio for this domin-
ant mode., For displacement admittances:

I¢Ik - ¢»Rkl -
L, = 42
k (P)y.o. 2.
lAD |+2 Wy M
and for velocity admittance:
|7+ o5 |
R TR
) IAV [-Z-mk°mk
where: W = fréquency of dominant mode
m = generalized mass of dominant mode
¢Ik = kth mode shape for input freedom
¢p = kth mode shape for response freedom
k
lA(P)] = peak displacement admittance
D N
|A&P)| = peak velocity admittance
z, = equivalent modal viscous damping ratio for dominant mode.
k

This method could be used as a criteria for the selection of a set of critical
modes for dynamic analyses and to establish the equivalent viscous damping
ratios to use with these modes.
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7.0 COMPUTER TIME ESTIMATES

Estimates of the computer time required to perform various parts of the
analysis are given in the following paragraphs. The computer time is given
in computer resource units (CRU).

7.1 ORBITER

The +incorporation of structural joints (23 BAR joints and 64 plate joints)
into the Orbiter finite element model using the preprocessor requires
approximately 250 CRU's. This includes the generation of the additional

data necessary for the joint damping predictor (JDP) computer program. The
calculation of 30 Orbiter free-free symmetric and antisymmetric modes with
125 retained dagrees-of-freedom using NASTRAN is approximately 350 CRU's each.

The joint damping predictor computer program used to calculate Orbiter damping
parameters for four damping sets required approximately 160 CRU's,

7.2 SPACE SHUTTLE

The computer time required by the preprocessor to incorporate 33 BAR joints
and 77 plate joints in the Space Shuttle model and create the NASTRAN BULK
DATA set is approximately 300 CRU's (computer resource units). The original
NASTRAN calculation of 30 antisymmetric Space Shuttle modes with 292 retained
degrees-of-freadom and the generation of a special user tape containing these
modes is approximately 700 CRU's. Approximately 800 CRU's are required to

" calculate 30 symmetric modes {using NASTRAN's restart capability) merge

these modes with the antisymmetric modes and calculate the coupled nodal
damping matrix (BHH).

The calculation of modes and the coupled damping matrix for additional mass
conditions required Tess computer time since the NASTRAN restart capability
was used and, therefore, the stiffness matrix and elemental damping matrix
did not need tc be recalculated. Using the restart tape from the original
NASTRAN antisymmetric modes run, approximately 300 CRU's are required for the
calculation of antisymmetric modes for a new mass condition~and approximately
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600 CRU's are required to calculate symmetric modes and the merged modal
damping matrix (BHH).

Postprocessor computer costs depend upon the option used. For the conventional
model, Option 1 requires approximately 30.CRU's to calculate structural gains
for 50 modes and 180 response/excitation pairs for each mass condition. Using
Option 6 to calculate structural admittances for the realistic model, the
computer time is primarily a function of the number of frequenciesz(s) for
which admittances are desired. The number of response/excitation pairs has

a much smaller effect on computer time. The computer cost for Options 4, 5

and 6 are given by the following expression: *

CRU = 10 + NBETA

where NBETA is the number of admittance frequencies (B8).
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8.0 CONCLUSION AND RECOMMENDATIONS
8.1 CONCLUSIONS

Significant differences were found in the dynamic responses at various points
on the Space Shuttle structure between the conventional model and the realistic
model (Figures 6-1 through 6-3). Equivalent modal viscous damping was used in
the conventional ‘model, and the critical modes were determined using the un-
coupied modal response to ca1cu]ate-physica1 tramissibilities between the
excitation and response freedoms. The realistic model incorporated local
damping effects due to structural joints, and admittances were calculated

usﬁng the resulting coupled modal damping matrix.

Results of this analysis show that coupling of modes through local joint
damping is important and can significantly affect the identification of
critical resonances for dynamic response studies. For modes whose frequencies
are close together and which are coupled, the frequency at which the maximum
admittance occurs will be different from the modal frequencies. Therefore,
frequencies, between modal frequencies should also be used to locate the
admittance peaks for each response/excitation pair. For example, in Figure
6-2 (SRM rate gyro, 9015/140391), the two modes at 16.8 and 17.3 rad/sec are
coupled to produce an admittance peak at 17.0 rad/sec which is more signif-
icant than either mode using the conventional model.

The equivalent modal viscous damping ratios calculated for the SRB cutoff
condition using the same joint damping parameters used for the 1iftoff con-
dition are higher than expected for the primary modes. Therefore it is
necessary to recalculate the joint damping parameters for each flight con-
dition to achieve realistic vehicle damping. '

8.2 RECOMMENDATIONS

It is recommended that distributed damping resulting from structural joints
be included in dynamic analyses of complex structures to preclude the omission
of critical resonances which could significantly affect the analytical results.

It is also recommended that further studies be conducted to verify the
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conclusions found in this study by comparing analytical results with test
data. Studies should also be conducted to determine the practical limits
for the methods described herein, i.e., how many structural joints are
required to obtain a sufficiently accurate represeﬁtation of modal damping
over a given frequency range?

Additional studies are required to investigate the cause of the higher than
expected equivalent modal damping for the SRB cutoff mass condition. The
investigation should determine the effect of total mass on the joint damping
parameters. This study may involve the previously mentioned study to determine
the number of structural. joints required fto give a realistic damping
representation over a range of frequencies (or masses).
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APPENDIX I
PREPROCESSOR COMPUTER PROGRAM

Introduction

This program, written in FORTRAN IV, was developed to incorporate struc-
tural joint damping models at selected points in a NASTRAN finite-

element model. The user specifies the location and properties of the
desired structural joint. The locations for joints are limited to the

ends of BAR and ROD elements and edges of QUADT, QUADZ, QDMEM, and SHEAR
plates. Gridpoints at the joints must be located either in the basic
rectanguiar coordinate system or in an arbitrary cylindrical or rectanguiar
coordinate system referenced to the basic system. Displacements of the
joints must be defined-in the basic rectangular coordinate system. The pre-
processor reads the NASTRAN BULK DATA deck for the original model and outputs
a revised data deck containing additional BULK DATA card images necessary
for the inclusion of the specified Voigt damping models. The revised BULK
DATA is used by NASTRAN to calculate modal characteristics of the structural
model and the coupled generalized modal damping matrix using rigid format 3.

The number of structural joints which can be implemented is Timited to

1000 BAR joints, ROD joints and 200 plate joints. A maximum of 1000 cards for
each of the various types of NASTRAN data .(GRID, CBAR, PBAR, C plate, P plate,
etc.) may be stored by the preprocessor for joint implementation. If the
original model has more than 1000 of any of these data cards, the additional
cards will be passed through the preprocessor without modification. Gridpoint,
element, preperty, and material identification numbers from 7000 through 9000
are used by the preprocessor for the -gridpoints and elements of the joint
models and cannot be used in the orignal structural model.

.

Input Description

The input data required by the preprocessor consists of a NASTRAN BULK
"DATA card set describing a structural model and punched cards which describe
the Tocations and properties of the structural joints to be incorporated into
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the model. The DMAP ALTER statements which must be included in the NASTRAN
EXECUTIVE CONTROL deck depend upon the purpose for which the results are
desired. A complete 1ist of ALTER statements is shown in Table I-1.

Structural joint damping models for BAR, ROD and plate elements are shown
schematically in Figure I-1. The location of a structural joint is spec-
ified by giving the element identification and gridpoint identification
numbers for the desired joint location. The Tlocations of the added gridpoints
are specified in terms of the locations of the gridpoints at the ends of the
structural elements:

for BAR and ROD elements
[G6(c) - G(a)| = ¥G |G(b) - G(a)| = KG-ab

for plate elements

{G(c) - G(a)]

[}

K& |6(d) - G(b)] = KG-ab

where G(a), G(b), G(c) and G(d) are the locations of gridpoints a, b, c, and d,
respectively, KG is a factor specified either by the user or by default, and
ab is the length between gridpoints a and b. The formation sequence of the
added gridpoints are reidentified using the SEQGP feature of NASTRAN to improve
matrix bandwidth.

Section properties of the revised elements, are specified by multiplying the
original element section properties by appropriate factors specified either
by the user or by default.

for BAR and ROD elements,

Alk) = KA - A(J)
J(k) = KI - J(j)
I11(k) = KI?'+ I1(j) -~ BAR joints only
12(k) = KIZ - 12(j) - BAR joints only
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TABLE I-1: NASTRAN DMAP ALTER Statements for the
Preprocessor Computer Program

For calculating the damping set data as input to the joint damping
predictor:

ALTER 25428
SHAL——CSTH MPT s ECPT 1 6PCT DT/ KGGX 1K 406G 1GPST/V-y N yNOGENL/VY 4 My NOK w665 —
ALTER 28,29 . "
SMA2  CSTHU,MPTECPT ,GPCT sDIT/MGG s BAX/ VY 1 WTHASSHL.C/V N HOMGG/Y 2 M4 NOBGG/
———— VoY s COUPMASS/V Y, CPBAR/V Y 3 CPROD/Y, Y, CPOUADL /Y, Y s CPOUADZ/Y 5 -
YoCPTRIAL/V,YCPTRIA2/YV Y, CPTUBE/ VY :CPODPLT/V Y sCPTRPLT /V.y
¥,CPTRBSC 4
SAVE-- NOMGG, MOBGG -& - —
aADD K4GGBXX/BGG 3 ’ T
MTRXEIN, sMATPOOL,EQEXTM, SIL,/BVCT,PYCL,PY02/V,N,LUSET/V N, NOPVOO/Y,
m—— e MLNUPYOI/Y LN, NIPVEZ-S
PARTN 8GG,PVOG, /11!BGGLO/C Hy—1 S
CHXPRT  PVOO,BGGON0 % . ]
PARTN =~ -BGGyPVOly /44 1B6G0L/CyNy—1-3 - - - o
ChKPNT PVOL,8GGCL 5 ) . ,
PARTM BGG,PVPE, /if!BGGO?/Cst"I b} N T
CHXPHT - PYQ2,33G002-5 ———————ommmemee o mm e
MTRXIN, ,4ATPDDL,E“EXIN SIL,/PVOB,PVO&,PVGS/V,N,LUSFT/V.N,NGPVOB/Vp
PNOPVOA/V Ny NOPYEDS 3 :
ﬁARTu-nuBuG,Pvcz, /11186603 /Gy Hy—1— & - - - —t
CHLPNT PVO03,86G03 % B ) T
P ARTHM BGG,PVO4, /411BGGOL/C Ny=1 $ =~ ° . L - ;
CHKPHT --PVO4,BG604 $ Ll
PARTN BGG,PVOS, /,,:86G05/C Me=1 & . .
cHKeN T pvcs,ssscs $
ALTER T4 - —-—
¥ATGP R GPL,US*T SIL,MAA//CaN4AS
METGP R GP Ly USET,SIL,BGCG//CyN+GS
ALTER --9& . e e e ———
OuTrPUTI PHIG, o :’//51'\11—1/(_,!\!;0 1
ENDALTER

v mrmem w rE R e s . —
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TABLE I-1: NASTRAN DMAP ALTER Statements for the
Preprocessor Computer Program (Cont'd. )

For calculating symmetric or antisymmetric modes and writing on a
user tape:

ALTER 74

MATGPR GPL, US:T:SILyMAA//C:N'A$
ALTER -96. - -
QUTPUTL PHIGr,rv//ber_I/CrN! b
ENDALTER

—_——

For calculating symmetric modes, merging previously calculated anti-
symmetric modes and calculating coupled modal damping matrix:

ALTER 26426
“SMAF—CSTM,MPT ECPT3GPCTFDIT/AKGEX 1 KAG Gy 6P ST/ Vyts NOGENG/ VN yNUK 4 GH—F————
ALTER  2R,29 .
SMAZ CSTMyMPTECPT4GPCTsD1T/MGGsBXX/V Y 1 WTHASS®1,0/V s Ny NOMGG/Y N NOBGG/
TV Y COUPMASSY VY S CPEARZ VT YT CPRODY VY TCPQUAD Iy V3 Y CPQUAD 2 vy
Y1CPTRIAL/V Y 1CPTRIAZ/V 1Y sCPTUBE/ Vs Y, CPQDPLT/VYsCPTRPLT/V,
Y CPTRBSC $ .
-SAVE-—NCMGG,NCEGG -3

_ADD K4GGBXX/BGG_3 . )
CHEPNT  _BGG_ & _ e ' I
ALTER T4 - - .

THATGPR-GPLAUSET ySTEvMady 70y NS
MATGPR GPL,USET,S5IL,BGG//CiNyGS
ALTER 95,96

“SORT  USET 5+ PHIAY 79 GO356M 2y 3 KF S/ PHIGK y 7RG ATy Ny 1A E 7N RE 163
CHEKPNT QG 3

INPUTTL /PHIGY ra99/CeNy~1/CsNs0 %
“MERGE - ~—PRHIGK33PHRIGY+vCPy/PHIG/ CyNT
CHEPNT PHIG % N
MEYAD PHIG,bGGQ/XX/C,N!I/C|N'1fC!Ng0
SMPYAD-XX3PHIG#7BHR/Ce Ny 0765 Ny /G &
CHKPNT BHH %

"MATPRN BHHsyg99//7 %

~ENDALTER™

o o

OF THB
gEFRODUBIBILITY
ORIGINAL PAGE I3 ROOR
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* taonew-- RODELEMENTS WITH ' VISCOUS DAMPING
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Figure |1~1. NASTRAN Joint Damping Mode! Schematics
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where A(3), 3{j), I1(§) and 12(j) are the cross sectional area, torsional
constant, and area moments of inertia of the original BAR or ROD element (j).

Similarly for plate elements,

(&b - t.)
Alac) = A{bd) = KA --——7?—41

(ab « t.) (G.
Alad) = A{bc) = kS - i 5 J E?)

J

where tj’ Gj’ and Ej are the membrane thickness, shear modulus, and elastic
modulus of the original plate element (3).

Damping values for the BAR elements are input by specifying the C1 (axial)

and C2 (torsional) damping constants for each ROD element denoted by m, n,

and p in Figure I-1 input as if the RODS were VISC elements. Damping values
for ROD joints are input as the damping constant of a VISC element between
gridpoints a and ¢. Damping values for the plate elements are as ifT they

were C1 damping constants for VISC elements. The fo]]owiﬁg conversions are
performed to calculate the structural damping coefficient (GE) required for the
MATT card for all damping except axial damping with SHEAR plates:

for axial ROD eTements

. CIA - ac

GEA = Alacy - E

for diagonal ROD elements
_CID - ad
GED = Ataq) E

where ac and ad are the Tengths between gridpoints a and c and_between a .and
d, respectively. These structural damping coefficients are automatically
converted to viscous damping coefficients since the preprocessor sets

WA = 1.0 on a PARAM card (Reference 15, page 1.6-3).
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Detailed preprocessor input descriptions and ékamp?es for BAR, ROD and
plate element joint damping models are shown in the following pages.
The card format is the NASTRAN single-field format. The "$BAR", "$ROD"
and "$PLATE" must begin in column one, but the rest of the input may be
located anywhere within the 8 column fields. The element I.D. and
gridpoint I.D. are integers and the rest aredecimal input. The prepro-
cessor data cards may be placed anywhere in the NASTRAN BULK DATA deck.
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Input Data Card $BAR

Description:

PREPROCESSOR DATA DECK

Joint Damping Element (BAR)

Pefines a Voigt damping model to be included at the end of a

BAR element.

"Format and Example:

i 2 3 k 5 6 7 8 9 10
$BAR |DBR 1DGB Clm Cln Clp C2m C2n C2p abc
$BAR 801 185 8090. | 8090. ] 8090.| 512906.| 512906.| 512906. [+D801
+be KG KA KJ Kil Ki2 | MPC ID #MTB DSNG
+p801| .08 .75 ' ]

Field Contents

IDBR ldentification number of the BAR element to which a joint
is being added

1DGB Gridpoint identification number which defines the location
of the joint

Clm,Cin,Clp Translational damping constants Tor the joint in the
local element x, y and z directions, respectively

€2m,C2Zn,C2p Rotational damping constants for the joint in the local
element RX, RY and RZ directions, respectively

KG Joint length factor (default = .1)

KA Joint area factor (default = 1.0)
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Field Contents

Kd Joint torsjonal constant factor (default = 1.0)
KIT,KIZ2 Joint area moment of inertia factors (default = 1.0)
MPC 1D Set 1.D. into which generated MPC's will be placed

(default = 1)

@MTB Indicator used to include generated joint freedoms in the
GMIT set:
@MIT - include joint freedoms in @MIT set
blank- do not include joint freedoms in PMIT set
DSNG Damping set number
Remarks: 1. Every input on the first card is required; no default
values exist.

2. The second card is optional; default values are provided
for blank fields.

3. Joint factors (KG,KA,KJ,KI1,KI2) are used to define joint
properties:

1]

length of joint = KG X length of original element

area of joint KA x area of original element,

etc.

4, Freedoms generated for the joint should not be inc]udeg
in the analysis set. If an @GMIT set is used for other
freedoms in the NASTRAN model, input “@MIT" in field 8 of
card 2. If an ané1ysis set {ASET) is used elsewhere in
the model, leave this field blank.

5., Identification numbers for the gridpoints, element connec-
tions, properties, and materials generated by the preprocessor
are in the range 7000-9000. These I.D. numbers may
therefore not be used in the original NASTRAN structural
mode].
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Multipoint censtraint sets must be selected in the CASE
CONTROL deck {MPC = MPC ID} to be used by NASTRAN.

DSN@ specifies the damping set into which the joint
damping parameters are placed for use in the joint
damping predictor computer program.

DSN@ = 0 if damping values are known.
DSN® = 1,2 --- if damping parameters are unknown

DSN@ must be input. No default value is provided.

A1l damping elements in a BAR joint are in the same

damping set.
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Input Data Card

Description:

$RPD Joint Damping Element (ROD)

Defines a Voigt damping model to be included at the end of
a R@D eTement.

Format and Example:

i 2 3 4 5 6 7 8 9 10
$R@D IDR IDGR C1 €2 KG KA KJ gMIT [abcd
$RAD 4 3 26.1 92.7 .2 4 gMIT  |{+RO4
+hed DSN@ '
+R04 0
Field Coﬁtents
IDR Identification number of the ROD element to which a joint
is being added

IDGR Gridpoint identification number which defines the location
of the joint

¢1,C2 Axial and torsional damping constants for the ROD joint

KG Joint length factor {default = .1)

KA Joint area factor {default = 1.0)

Kd Joint torsional constant factor (default = 1.0)

-QMIT Indicator used to include joint freedoms in the OMIT set:
PMIT - include joint freedoms in @MIT set
blank - do not include joint freedoms in @OMIT set

DSN@ Damping set number
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Remarks:

Joint factors (KG, KA, KJ)-are used to define joint
properties:

length of joint = KG x Tlength of original element
area of joint = KA x area of original element, etc.

Freedoms generated for the joint should not be included
in the analysis set. If an #MIT set is used for other
freedoms in the model input "BMIT" in field 9. If an
ASET is used elsewhere in the model, leave this field
biank.

Identiffca}ion numbers for the grid point, ROD element,
ROD properties, and VISC element generated by the pre-
processor are in the range 7000-7999. These I.D. numbers
may not be used in the original NASTRAN sitructural model.

DSNP specifies the damping set into which the joint
damping parameters are placed for use in the joint
damping predictor computer program.

DSN@ = 0 if éamping values are known

DSNg = 1,2 ... iT damping parameters are unknown.

DSN@ must be inpui. No default value is provided.

Both the VISC element, if used, and the damping in the
rod element are in the same damping set.
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Input Data Card: SPLATE Joint Damping Element {QUAD1, QUAD2, QDMEM,

Description:

and SHEAR) :

Defines a Voigt damping model to be included along
an edge of a-quadr11atera1 plate element.

Format and Example:

1 2 3 4 5 6 7 8 9 10
SPLATE| IDPJ IDGE IDGB C1A CiD K& KA KS abc
$PLATE{ 805 186 188 2582. | 3591. .75 .9 +805
+he MPC ID] OMTB MPCNT | MPCN2 | DSN@D | DSNGA
+805 2 0. 1
FIELD CONTENTS
1DPJ Identification number of the quadrilateral plate element
to which a joint is being added

1DGA,IDGB Gridpoint identification numbers which define the location
of the joint

CIA Translational damping constant for the joint in the axial
directions defined by gridpoints ac and bd of Figure I-1.

C1D Translational damping constant for the joint in the diag-
onal directions defined by gridpeints ad and bc of Figure
I-T.

KG Joint length factor (default = .05)

KA Joint axial area factor {(default = 1;01
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FIELD CONTENTS
KS Joint shear area factor (default = 1.0)

MPC 1D Set 1.D. into which generated rotational MPC's will be
placed; a blank indicates no rotational MPC equations are
to be generated.

AMTB Indicator used to include generated joint freedoms in the
PMIT set:
~ @GMIT - include Joint freedoms in @MIT set
blank - do not include Jjoint freedoms in @MIT set

MPCN1, MPCN2  Gridpoints to which added plate grids (N1 & N2} are to be
’ MPC'd to provide out-of-plane stiffness. The MPC set I.D,
is the same as MPCID; if MPCID is blank, MPC set default is 1.

DSN@D, DSNPA  damping set number into which the diagonal and axial damping
elements are placed.

Remarks: 1. Joint factors (KG, KA, KS) are used to define joint
properties:
width of joint = KG x 1ength of joint
KA x axial area of original

axial area of joint
glement

[

shear area of joint = KS x shear area of original

element.

2. Translational damping constants (C1A and C1D) are input
as if the axial and diagonal elements are VISC elements.
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Qut-of-plane translation and rotational MPC equations are
optional for QUADT and QUADZ plate elements but are required
for QDMEM and SHEAR plate elements uniess BAR elements are
used as edge members. Multipoint constraint sets must be
seTected in the CASE CONTROL deck (MPC = MPC ID) to be used
by NASTRAN.

Freedoms generated for the joint should not be included in
the analysis set. If an BMIT set is used for other freedoms
in the NASTRAN model, input "@MIT" in field 3 of card 2. If
an analysis set (ASET) is used eisewhere in the model, leave
this field blank. )

Identification numbers for the gridpeints, element connections,
properties, materials generated by the preprocessor are in

the range 7000-9000. These 1.D. numbers may therefore not

be used in the original NASTRAN structural model.

DSN@ specifies the damping set into which the joint damping
parameters are placed for use in the joint damping predictor
computer program.

DSN@ = 0 if damping values are known
DSNG = 1,2 ... if damping parameters are unknown.

DSN@D and DSN@A must be input. No default values are provided.

Damping in the diagonal rods are always in the same damping
set.

Damping in the axial rods are always in the same damping set.
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Preprocessor Listing

//5TP2 EXEC FORTHCLG +PARMJEGRT=*HMAFP, ID?,

10 _ CONTINUE

#% READ NASTRAN DECK CARC IMAGES

// REGION.FORT=200K,PARM.LKED=*XREF,LIST,0VLY s
// REGICN.GD=280K, TIME.GO=2
//FORT,SYSIN DD * - o .
c
C ** NASTRAN PRE PROCESSOR PROGRAM FOR CREATING FLEXIBLE JOINTS
C
c _
REAL®*8 CD, BULK, HOR{17)
__INTEGER=2_OMIT
T INTEGER=2 OMTB
[MTEGER OMP
COMMON/ IMAGE 7 CDLLO) -
T COMMON/TARCD 7 IDRU20Yy IDGR(201, RPARM(20,.5)y OMIY{20Y, NROO
COMMON/ BGRID / 1GD(1CCOY, 1PCG(1000)s GCD{1COC,3), NGD, DUMM
X +IXCD({1000},1XPS(10Q0)
T REAL#g I[XCDy IXPS
COMMON/ BCROD / IDRO{1000s4). NCRD
CONMVCN/ BPROD / [OPRGC{1000), IOMP{10C0}s JPRUP({1000,4}s NRPD
COMMON/ BNEW  / NGRD,s IDEX, IPEX, IEOCM, IDCV, IMEX
COMMON/ BCOMM / XC(3,5), Il, 12, INCP
COMVMON/ BDEFLT / AKGPDs AKGSDs AKMOD, AKAPD, AKASD, BKMD, BKGPDs_
1 8KGSD, BKAPD, BKASD, 8KJPD, BKJSD, BKILPD, BKILSD, BKI2PD, BKI250
COMMDN/ BSGQGP / NWGRD(40)1, SEGMX({40), NSGGP
_ COMMON/ BING / NIMGU20+40%¢ IMG _ . .. .. o
CO¥MON/ BCBAR / IDS(1000), IPBIL00CY, IBAL{10001, IBB(1000},
1 IBREC{1000}, MBAR, NBREC
_ COMMON/ 8BAR / ID3R(50), I1DGB{50)s BPARM(50,12), OMTB8(50)s NBR .
CoMMON/ BPBAR / IDPB{L00O}, IPRECIIQO0), NPBAR, NPREC
COMMON/BFLATE/ IDP(200),IDGPLT{20042)sPLTPRM{Z00,5)MPCIDIZ20Q0),
X OMP (2001 «NPLT
X +MPCPAL2G0),MPCPEB(200)
COMMON/BCPLT/ IDCP(1000),IPID{I000Y ,MGI1000,4),TH(1D00]),INC(1000),
X NCPLT
COMMCN/BPPLT/ 1DPPI1000) s INP{1GO0),THICKLLI000), INIDI 1000),NPPLT
COMMON/BMATL/ IDMAT{100),E(100),6(100),NMATL
COMMON/BCORD/ 1DCOR{20),IFI0R2{20)4XPP(20,9},NCORD _
DATA HDR / 8HSRAD s BHSBAR + S8HCROD + BHPROD 1
1 8HGRID + SHCBAR » BHPBAR » SHPROD* » SHGRIDE®
2 BHCBAR= » BHPBAR® s+ SHPROD %, BHGRID %, 8HCBAR  *, _ .
3 SHPBAR %, BHENDDATA , 8H ENDDATA /
REAL*8 HDR2(20) .
DATA HDRZ/ S8HSPLATE ,BHCQUADY ' ,8HCQUAD2 ,8HCQDMEM L6HCSHEAR, __ __ .
X SHPUUADI ,B8HPQUADL!® ,8HPQUADL *,
X SHPQUADZ2 ,8HPQUAD2* ,BHPQUADZ =%,
X BHPQDMEM 4 8HPQOMEM® ,BHPQDMEM *,
X SHPSHEAR s8HPSHEAR® ,BHPSHEAR #,
X BHMATIL s BHMATLS s BHMATL * f
REAL#S8 HOR3( 4) L L o s
DATA HDR3/ BHCORDLIC o+ BHCORDZL 4 BHCURDIR o BHCOROZ2R 7
c
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58

E-F

OO0

60

80
C *%

C x%

180
¢ ==

110
C *%

. CONTINUE

=K ..

READ15,7000,END=200) CD
CONT] NUE
60 TO 30
CONTINUE

WRITE CARD [MAGE ON DISK DATA SET FOR INPUT TO NASTRAN
WRITEL9,7000) cO  — ~TTTTTTTTT o mmrmmmememees
GO TO 10

CONY INUE

TEST CARD IMAGE FOR DESIRED BULK DATA SUBSET

DO 50 [ = 1, 17 -
IF{CD{1) -£Q. HOR{I}) GO 10 &0

DO 56 K=1420
IF{CD{1).NE.HDR2{K]! GO 7O 56

G0 TQ 145
CONTINUE
DO 58 I=144

IF(CDO{1).NE.HDR3({I}] GO TG 58

COCRD SYS ;e e an

a— bt e ke e —— 4 te——

WRITE(9,7000) CD
CALEL RADJIL3,IDX) . ___

CALL CORSYSII)
GO TO 10 -
CONTINUE

NOT ONE OF DESIRED SUBSET

GO TO 20

CONTINUE

IF(I .GE. 18} GO 70 L0 .
IF{I «GE. 12} I =1 - 4
WRITE{Q,7Q00Q0r CD

CALL RADJ(1l, IDX) e e e e it
GQ 7O (13G, 140, 90, 100, 80, 110, 120, 10C, 80, 110, 1201}, I
CONTINUE

GRID CARD A

CALL GRID{IDX, I}

GO TC 10

CONTINUE S

CROD CARD
CALL CROD
GO TQ 10 . -

CONTINUE

PROD CARD

CaLt prRODIL, IDX) C L e © et Mot ae e s et
GG TC 10

CONTINUE

CBAR CARD
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'C %= $BAR CARD

C

c

CALL CBAR{I, IDX, E1S, £200)
GO 10 10

120 CONTINUE

¥  PBAR CARD
CALL PBARIIy IDXs E154 &£200}
GO 70 10

130 CONTINUE

¥%¥ SROD CARD
CALL ROD
Ge 10 10

140 CONTINUE
CALL BaR[I, IDXs &15])

T8 TO L0
145 CONTINUE

*%  PROCESS CARDS PERTAINING TO PLATE JOINTS

___1F{I.LE.5) GG TO 148

THESE BULK DATA CARDS WILL NOT 8E MODIFIED AND CAN
THEREFORE BE WRITTEN TD_THE NASTRAN FILE NOW

WRITE{9,7T000) £D
148 CONTINUE

K=10 .
IF{l2EQa9 «0Ra [2EQal2 «ORa I+E0e15 «0R. I.EQ.18)_K=3

[IF{1.E8Q.1) K=1
WRITE(Q,7C0Q) CD
CALL RADJ{X,IDX)

IF{1.NE.L} GO TG 150
*¥* SPLATE CARD
CALL PLATE(E15)
GO TO 10
156 CONTINUE
IF{1.6T«5) GO TO 155 L
#* CCQUADL,CQUAD2,CQDMEM, OR CSHEAR CARD
CALL CPLATE(L)
GO TQ 10
155 CONTINUE
IF{1.GT.17) GC TO 150
% PQUADL,PQUAD2,PODMEM, OR PSHEAR CARD

CALL PPLATE(I}
Gd TC 10
160 CONTENUE

*k  MAT1 CARD
CALL MATLLI)
GO TC 0 __

200 CONTINUE

PRINT JOINT INPUT DATA

HRITE{6+7010) NROD, NBRs NPLT
IFI{NRCD.LE.Q) GO TO 212

209


http:IF(I.GT.17
http:t.EO.12.OR
http:IF(I.LE.6I

* YQFTHE

; Eﬁﬁgﬁaﬁ@ﬁSEAT
%mm Al PAGE 8B PGOR

WREITE{6,7100)

DO 210 I=1.NRCD

WRITE{6,7010) I, IDR{I}, IDGRU1},{RPARM{I,J)4J=1,5}, OMIT(I)
210 CONTINUE
212 CONTIMUE

IF{ NBR.LELO) GO TO 222

WRITEL&.7120)

DO 220 I = 1, NBR

WRITE{6,7130) 1, IO0BR(T}, IDGBI(T}, {BPARMII,J)y J=1,12}, OMTBII}
220 CONTINUE C e T . L

222 CONTINUE

IF{NPLT.LE.OQ) GO TO 232
WRITE(&,71401

DG 230 I=1,NPLT
WRITE{6,7150) I.IDP(IY,IDGPLT{E,1)sIDGPLT{T,2}),
X {PLTPRMII +d)sJ=145)+MPCID{E),OMP{I] MPCPA{T)sHMPCPBITYY _____ .
230 CONTINUE
232 CONTINUE

CONVERT GRID COORDS FROM CYL COORD SYS

- CALL GCONYV

*x CREATE NEW BULK DATA FOR PLATE JOINTS

POoo, 00O

CALL PJ

=¥ CREATE NEW BULK DATA CARDS.FOR.ROD JOINTS... __

CALL RODJT

s+ CREATE NEw BULK DATA CARDS FOR BAR JOINTS

CALL BARJT .

#x  CLEAN UP

*% WRI{TE CBAR IMAGES ON DISK

OO0 00 SO0 [(nX2Exl

REWIND 3
IRC = O
300 CONTINUE .
READ(3,7000,+END=350) CO
IF(CD{1l) LEQ. HDR{H)V} GD TO 310
IF{CD(1l) .EQs HDR(1Q}) GO TO_305

[FI{CD{1l} «NE. HDR{l4}} GO TO 320
305 CONTINUE
C ** DCUBLE FIELD IMAGE . __

IRC = IRC #+ 1 .
WRITE(Q,7001) [CD(L},L=1,3), IPB{IRC), IBA{IRC), IBB(IRC}s CD{1l0}
REAS(Q,7000) CD ____ _
GO 10 320
310 CONTINUE
C %% SINGLE FIELD IMAGE

210


http:NBR.LE.O2

IRC = IRC + 1
WRITE{O,7002) {(CD{L}.L=1,2}, IPB{IRC}, IBA[IRC},
X {CDtLIsL=06,10)
READ{O+70Q00) CD
32C CONTINUE

C #* HRITE CARD IMAGE ON DISK

MO

WRITE(9,7000} CD
60 Y0 300
350 CONTINUE
*¥* WRITE CROD IMAGES ON ZISK

TF{NCRD .LE. Q) GO TGO 450

I8BCIRC),

00 400 [ = 1, NCRO
WRITE({0,7004) HDR{3}s [IORD{I.L},sL=L,4)
IMG = 0

CALL STORE( 10 ¥
WRITE({9,7003) (NIMGI{L,1)sL=1,20)
400 CONTINUE

450 CONTIRNUE

#% WRITE C{PLATE) IMAGES TQ DISK

IF{NCPLT.LE.O) GO TGO 480
B3 a70 I=1,NCPLT
NE=INCII}

[F{NE.EQ.3} GO TO 460

WRITEL9, 7005) HORZ2(NE) yIDCP (LY s IPTIOLL) sING(Iod)qu=L,40, _

X TH{LT
0 TC 470

460 WRITE{957005) HORZ( 5} sI0CP{I),IPID{I} +{NG(I5J0yJ=1y4)

470 CONTINUE
480 CONTINUE

*% PUT ENDDATA INAGE AT END -OF DATA SET ON DISK

MG = 0

WRITE{Q,7000) HOR{ 1& 7
CALL STOREL 2 )
WRITEL9,7003} (NIMG{L,1),L=1,20)

STOP

7CC0 FORMATILOAS)

7001 FORMATU3A8,3116+48)
7002 FORMAT(2A3,318,5A8)
7C03 FORNMAT{20A4)

7304 FCRMATIAZ, 418)
7G05 FQRMAT{ A8,418,FB.3 )

7010 FORMAT{LH1/LHO, &65(2H%* } /1HO,46X,38HND. ROD ELEMENT JOINTS TO BE

IMCOIFIED ,14/47Xy38HNC. BAR ELEMENT JOINTS TQ BE MODIFIED 414 /
12 7

X  47X;40HNO. PLATE ELEMENT JOINTS TO BE MODIFIED
2 1HO,65(2H% ) ) e e e — e e
7100 FORMAT{ IHGC,54X,22H%u*x ROD JOINTS *¥¥ [}
7110 FORMAT(Z0X.12,2110+ S5E13.5s I5]
T120 FCRMAT(LHO/D0X,22H=%*% BAR JOINTS *xx [)
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T130 FORMAT{20X,12, 2110, SE13.5 /24Xy E13.5, 5F13.3, A8, 15}
T140 FORMATILIHO/SS5X.22H% %% PLATE JOINTS #%% /)
7150 FORMATIL13X,12,317, S5F13.3, 4I7 )}

END

BLOCK DATA

INTEGER*2 OMIT

INTEGER*2 OMTB .

CO¥FCN/ BRED / IDR{20}, IDGR{20}s RPARM{20,5), OMIT{20i, NROD
COMMON/ BGRID / IGD{1000}, . 1PCG(1000), GCD{1000,3), NGO, DUMM
X +IXCDL1000),IXPS{1000)

REAL*8 IXCD, IXP3

COMMON/ BCROD / IDRDIL00G+4), MCRD

COMMON/ BPROC / I1DPRD{10001, IDMP(1000}, JPRDP(1000,4), NRPD
COMMON/ BNEwW s NGRD, I[DEX,y IPEX, IEDCM, IDCV, IHMEX

COMMON/ BCDOMM /7 XCI3,5), Ils 12, INCP

COMMON/ BDEFLT / AKGPD, AKGSD, AKMD, AXAPD, AKJPD, BKMD, BKGPD,
1 BRG3D, BKAPD, BKASD, BKJPD, BKJSD, BKILPD, BKILSD, BK12pPD, BKIZ2S5D
COMMON/ BSQGP /. NWGRD{40})s SEGMX(40}sy NSQGP

COMMON/ BIMG / NIMGL20,40}, IMG

COMMON/ BCBAR / 108{1000}, IPB(1000}, IBAL1Q00}, 1B8B{1000),
1 IBREC{1000}, NBAR, NBREC_ e e - -
COMMON/ BBAR / IDRR[50), IDGB{50}, BPARM{50,12%, OMTBI50), NBR
COMMON/ BPBAR / 1DPB{1000), IPREC(1000)+ NPBAR, NPREC

DATA NROO, OMIT / 21%Q /

DATA NGO / 0 /

DATA NCRD / ¢ /

DATA NRPD / O /

DATA NGRDs IDEXs I1PEX, I1E0CHM, IDCY /7 7000, 7300« 7500y 7600, TT00/
DATA ImEX/7Q00/ .
DATA B8KGPD, BKAPD, BRJPD, BKILPDs BRIZPD /

1 0.1, 1,00, 1.00; Lo00, 1,00 / X
DATA BKMD, BKGSD, BKASD, BXJSD. BXILSO, BKIZSD /
1 0-1) 0013 Ocl' 0-1! 0.1) in ,

DATA NSQGP/ O / .

DATA NBAR4y NBREC /7 0. O /

DATA NBR /7 O /

DATA OMTB /7 50 * 0/ . -

OATA NPBARy NPREC / G, 0 /

DATA RPARM / 100%-1.0 /

DATA BPARM / 600%-1.0 /. .

COMMCN/BMATL/ IDHMAT(100}, EilGD) G(lﬁO}sNHATl
COMMON/BCPLT/ IDCPILO0OY»IPIO(1000}NGI100044}»TH{LO00),INC{100C],

_X NLCPLT

COMMON/BPLATE/ 10P(200),IDCPLT{200,2)4PLTPRM{200,5)MPCID{200),
X OMP1200) #NPLT

b +MPCPAL200),MPCPB(2000. . _

COMMON/BRPLT/ IDPP{lQUO’viNPtlQOOi|THICK(10003tIMID(1000’1NPPLT
DATA NMATL NCPLTWNPLTNPPLT /7 040.0.0 7
COMMEON/BCORDYS IDCDR{20):IFLOR2{201 +XPP120:+9) s NCORD

DATA NCORG/O/
END
SUBROUTINE RADJ(TI, TIDX)
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[aNeR gl (2

40
50

50
100

120

7000
7010

RIGHT ADJUST NASTRAN gULK D

LOGICAL*] CD, CCis4], DMY(4
COMMCN/ INMAGE / CD{8O)

ATA IN FIELD

s BLNK

DATA DMY /1HO, 1IH.» 1Hls lH- /, BLNK / 1H /

DO 10 I = 1, 64

CCiI) = BLNK

CONTINUE

TEST FOR SINGLE OR DCUBLF F

IF(II «6T. 7} GO TG 20

fetd™

SINGLE FIELD ~
10X = 8
IDY = 8

GO TO 30
CONTINUE
DOUBLE FIELD

IDX = 4
IDY = 16
CONTINUE

READ(Q,TCOD)Y CD
RIGHT ADJUST DATA IN FIELDS

PO 1C0 J = 1y IDX

IBLNK = O
Kz = J = [DY
KL = X2 + 8

D0 S@ L = 1, IDY

TF(CDIKL) <EQe. B8LNX) GO TO 40

IBLNK = 1 o
CCIK2) = COIKL)

K2 = K2 - 1

KL = K1 — 1
CONTINUE

IFUIL JGT. 2) GO TQ 1090
EF{IBLNK «NE. Q) GO TQ 100
D0 60 L = 1, &

CCIR2) = DMYIL)
K2 = K2 - 1
CONTINUE
CONTINUE

DG 120 J = 1, 64 _

CO{J+8) = CCLJ)
CONTINUE
WRITE{0,7000} CD
RETURN
FORMATI80AL) )
FORMATI26%, B80Al)

END i o
SUBRQUTINE SEQGEN(IDG, IGC)
COMMON/ BSQGP / NWGRD{40),

SEQMX (403, NSQGP
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120
130

14¢

30

REAL*E TLC -
DATA TLC / BHSEQGP /
IF{NSQGP .EQ. 0) GO TO 130

DO 120 L = L, NSQGP . .. _ .
[F{1DG -NE. NWGRO{L}) GO FO 120
LS = L

GO TC 140
CONTINUE
CONTINUE
NSQGP = NSQGE
NWGRD(NMNSQGP}
SEQMX{NSQGP)
LS = NSQGP ____.
CONTINUE

SEQC = SEQMX{LS) + 0.1

SEQMX[LS) = SEQC -
WRETE(0,7000) TLC,IGC, SEQC

CALL STORE{ & 1}
RETURN - .. PN

+_1
inG
iDG

o

FORMAT{AZ8, I8, FB8.1}
END . e
SUBROUTINE GRID(IDX, 11}
DIMENSION BIS)

REAL=8 BB{&}s A,CONT. _
COMNMCNS INMAGE 7 CARD{20}

COMMON/ BGRID / IDG(l000}sy ICP{1000}, GCD{1000,3)y NGO, BUMM
X +IXCDULQOO)YIXPS(LOQOY . ..
REAL*8 IXCD, IXPS, Ks J

DATA MAX / -1 /

o AmAn e am P

IF(IDX +EC. 41 GO TQ 20
READ{O,7Q0L) Ay, By Ky J
GQ TO 50

DOUBLE FIELD CARD

CONTINUE

READ{Q,7002) A, BB, CONT,

B 3¢ I = Ly 4

giI} = B8{I)

CCNTINUE

IF{B{2)eLEsQa) WRITE(F:.7000) CARD .
READ(5,7000.END=200) CARD
WRITE{0,700C} CARD
CALL RADJILII. IDX).
READIQ,7004) Ay B{S5)y Ky J
CONTINUE

STORE DATA IN COMMON
NGD = NGD * 1 L
IFINGD -LE. 10007 GO TO 75

IF{MAX .GE. ©) GO 7O 100
Max = 1
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g e

WRITE(647003)

GO TC 100
75 IDG(NGD) = B{1)
ICP(NGD) = B8(2) -
GCDINGDs13 = B(3)
GED(NGDY2) = B(4)
GCD{NGDy3} = B(5}

IXCOINGD) =K
1XPS(NGD) =4
IF(ICP({NGD)6T.0) GO_To 108

100 WRITE(9,7000) CARD
108 CONTINUE
RETURN o

¢ #= TSUBROUTINE GRID =INSERT
200 CONTINUE
WRITE(6y7010) A, 8B, CONT

~ sTOoP
7060 FORVAT(2044)
7CC1 FORMATIAB, S5F8.0,_2A8)

7002 FORMAT{AS8, 4F16.0, A8)
7003 FORNAT(LHO,22X,86H%=%x  MORE THAN

LE STORED FOR JCINT PRE—PROCESSOR  #%% /1HO)

1000 GRID POINTS. NO MORE WILL B

7004 FORMATIAB,F16.0,218%sA8))

END GF FILE ON INPUT IN GRID

7010 FORMAT{1HO 46X ,40H*%%

6%

70

80

1 26X, A8, 4F16.5, A8)

aax

END
SUBROUT INE OMTC (M,
INTEGER*2 OMTI{1}

oMTL, OH)

LOGICAL*1 OM(8), OMT(4&), BLNK
DATA OMTC, BLNK / &4HOMITy 1H /
ECQUIVALENCE {OMT{l}, OMTF)

KL = 8

K2 = 4
IF{K]1 «EQ. 0) 60 TQ 100
IF{OM{K1] «EQ. BLNK) GO TO 70
OMT{K2} = CM{K1}

KZ =KZz2~-1
IF{K2 .EQ.
Kl = K] - 1
GQ 7O &5
CONTINUE

¢} GO TO 80

IF{OMTF LEQ. OMTC) OMTI{N} =1

CONTINUE

RETURN

END

SUBROUTINE ROD .
INTEGER*2 OMIT
COMMON/ BROD / IDR{20),
DIMENSION B{9)
LOGICAL*L QM{8)

_F————e e = = == v e e s ——

READ(O,T70GC0Y By OH
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http:IF(ICP(NGO).GT.O3

5C

60

10¢

7000 FGRMATI(ZA4,
— . — TO01l FORMAT(LHO,_ 39H**>___THE NUMBER OF ROD ELEMENT JOINTS_ 121X
116HEXCEEDS 20

235

40

%

128
2040

*¥

300

NRCD = NREG + 1
IF{NROD «LE. 20) GO 1D 50
WRITE{&,7001} NROD, B, OH
GC TO 140 -
IOR{NROD) = B{3}
ICGRI{NROD) = B4}

DC 601 = 14+ 6
RPARMINROD,1)
CONTINUE

CALL OMTC{NROD,_DMIT,...0M]}

= B(I+4)

RETURN

TFBe0y B8ALl}

*%% f 2Xy2A%y TFBe%y BAL//)
END

SUBROUTINE BARLIL, .IDX.- %}

IKTEGER*2 DMTB
LOGICAL*1 CARD, PLUS
LOGICAL*1 C(81, BLNK

COM¥ON/ BBAR / IDBR{50},
COMMON/ TMAGE / CARD(80}
REAL*8 A

IDGB{S0), BPARMI{S0,12), OMTB{50), NBAR

DI¥ENSION B{B3, BOlS)
EQUEVALENCE (B{1l}, 80{1))
DATA PLUS/ lH+ /. ...

CATA BLNK /7 1H 7/

READIO:70Q0) A, B, .0

NEAR = NBAR + 1

IF{NBAR 4LE. 501 GO TQ 25

HRITE{S,TCLO0Y NBAR: B L o L o e e o o o e = — .
GO 10 200 -

CCNTINUE

[DBR{NBAR) = B(1) e e e e

[OGB(NBAR} = B(2)

DE 401 =1, &

BPARMINBAR,I) = BL{I+2) - O
CCNTINUE

CONTINUATION CARD . _ .

READ(S5,7001,END=3001 CARD

IF{CARDL{1] .MEJ PLUS) RETURN L .
WRETE{G,TCOL) CARD
CALL RADJI{II, IDX)
READ(O0,7002} A, BO..C

DB 125 1 = Llsé6

BPARMINBAR, [+6) = B(I)

CCHTINUE . - -
CALL OMTC{NBAR, QMTB, O}

RETURN

COMTINUATION CARD EXPECTED - END OF FILE ON INPUT DATA SET

CCNTINUE
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o
REAR{0,7000) A, B
. .1 =4
107 CONTINUE
I1 = 11 + 4
L _IF{IL «6Te 4) GO TO 75 _
[F(B{I1+1) .EQ. 0.0} GO 10 75
- MCRD = NCRD + 1
.. IFINCRD .GT. 1000) 60 _TO 50 L
DO 25 1 =1, 4
[DINCRD,1} = B(I+]1)
_ 25 CONTUNUE . ——
GO TO 10
50 CONTINUE
¢
T ¢ ss TABLE FULL
C
. [FIMFLG .GE. 0) GD_TO 75 N
WRITE{6,7010) CD
MFLG = 1
) 75  IFIMFLG.GT.0) WRITE(9,700L) ¢O —
1CC RETURN

WRITE(6,7020} A, By C_

sTOP
TCCC FORMATIAS, 8F8.0, 8Al)
7001 FORMAT(BOAL) . .
7002 FORMAT(A8, 5F8.0, A8, B8Al)
7010 FORMAT{1MO,39H##*  THE NUMBER OF BAR ELEHENT JOINTS 512,

L17H EXCEEDS SQ  &%% / 2X,8F8.4) -
7020 FORMATUIHO,46X,39H%**  END OF FILE ON INPUT IN BAR %% /

L26X+48, BFB.4,
END

8Al)

SUBROUTINE CROD
REAL®S A

COMMON/ IMAGE 7 CD{20}
COMMON/ BCROD / [D{1GOO,
DIMENSICQN B(8)
DATA MFLG / -1/

4Ys NCRD

7000 FORMAT{A8, 8FE8.0)

7001 FORMAT(20A4)

7010 FORMAT{LIHO,3LX,60HHEx
1 WILL BE STORED =% /2
END o
SUBROUTINE PRODI(II,
COMMON/ IMAGE / CD{20)

COMMON/ BPROD / IDP(10G0), [DM{1000), PROP{1000,4), NPRD

REALES A
DIMENSION B{6}
DATA MELG / <1 /

10X)

CROD STORAGE FULL — NO MORE CROD
6Xy 20A4}

CARD DATA

READI{Q,70Q0) A,
NPRD = NPRD + 1

B

IF{NPRD «GT. 1000) 6O 30 200

[DP{NPRD)
[OMINPRDY

= B{l)
8t2)

=
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25

200

3C0

P 25 1 = 1, 4
PROP{NPRD,I} =
CONTINUE
GO TQ 250
CONTINUE

BLi+2)

IF{MFLG .GE. Q) GO TO 250

WRITE(S,70L0} CD
MFLG = L
CONTINUE

WRITE PROC IMAGE ON DISK

HWRITE{9,7001) LD,
RETURN

7000 FORMAT{AB, 6FBa0}
- 7001 FORMAT{20A4%4)

7010 FORMATI1HO,31X,60H%%*  PROD STORAGE FULL — NO MORE PROD CARD DATA
1 wILL BE STORED

20

310
4G

&0

75

END

®FE J26X20A4)

SUBROUTINE CBAR{I[, IDXs %, %)
LOGICAL*1 CD, PLUS, STAR

COMMON/ IMAGE, /7 CD{8G) . o —_
COMMON/ BCEAR / 1D8(1000), IPB{1000}, IBA(1000),
1 IBREC{10GO)+ NBAR, NBREC

REAL*8 A, BB{4) .
DIMENSION B8{4]
DATA PLUS,

STAR / lHt,

B

MRS e e wn e B pm——— s  r——

1LH* /»

[FLIDX .EQ. 4} GO TG 20

SINGLE FUELD CARD
READ(OQ,7001} A, B
GO 70 40
CONTINUE
DOUBLE FIELD CARD._

MFLG / -1 /

e m mn e e A wana e W

e m—————— w1 rR = —

I86€10001,

REACLG,7002) A, BB
pc 3¢t =1, 4
B{I) = BB{I}
CONTINUE

CONTINUE

NBAR =

NBAR + 1L _ ..

IF{NBAR .LE. 1000) GO 1O 75

IFIMFLG +GE.
WRITE{6,7010) CD
MFLG = 1
CONTINUE
WRITE{9,7000} CD

0) GO TGO 60

R

i m ——wmvE——— =

RETURN

CONTINUE

IDBINBAR) = B{l}) e
IPB{NBARY = B(2)

IBA{NBAR) = B{3)

IBB{NBAR) = B(4) e . -
[BRECINBAR) = NBREC + 1}

SEARCH FOR CONTINMUATION CARDS.
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80  CONTINUE
NBREC = NBREG + 1
WRITE(3,7000) CD o
READ{5,7000,END=200} CD
IFICD{L} .EQ. PLUS) GO TO 100
IF(CD(L) «EQ. STAR) GO T8O 100
RETURN 1
100 CONTINUE
WRITE{Gs7000) CD
CALL RADJ{II, IDX)
60 TO 80
266 CONTINUE

*% END OF BULK DATA SET
RETURN 2~~~ 777
7000 FORMAT(80AL)
7001 FORMATI(A8, 4F8.0)
7C0C2 FORMAT{A8, 4F16.0)
7010 FGRMAT{1HO,35X,61H%%=* CBAR TABLE FULL - NO MORE CBAR DATA WILL 8
C1E SAVED  #¥% /26X, 80Al)

END

SUBROUTINE PBAR{II, 10X, *, %)

LOGICAL*1 (D, PLUS, STAR

COMMON/ IMAGE / CDI(BO)
COMMON/ BPBAR / IDP{10001+ IPREC{1000}, NPBRs NPREC
REAL*8 A e e
DATA PLUSy STAR, MFLG / 1H+, 1H%, =1 /

IFUIDX .EG. 4) GO Y0 20 _

#% SINGLE FIELD CARD
READ{ G, 700LY A, [
GO0 TO 40

20 CCNTINUE
READ(C,T002) A, I

40  CONTINUE )

NPESR = NPBR + 1

IF{NPER .LEe. 1000Q) GO TO 75

IF{MFLG «LT. 0) GO_TQ 50

W_RITE{6,7010) CD

MELG = L

50  CONTINUE .
WwRITE[9,7000) CD
RETURN

75  CONTINUE
[DP{NPBR) = I
IPREC{NPBR} =

80  CCNTINUE

NPREC + 1

=% WRITE PBAR IMAGE ON DISK

WRITE(9,7000) o

#% SEARCH FOR CONTINUATION CARDS
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90

169
C
C #xx%

¢

"END OF BULK DATA SET

NPREC = NPREC + 1
WRITE{ 4, 7€00) €D
READ(5,7000,END=1001 CD .
IFICDIL) +EQ. PLUS) GG TO 90
IF(CD{1l) .EQ. STAR) GO TG 90
RETURN 1

CONTINUE
WRITE{0,7000) €D
CALL RADJIII,IDX).

A -y —— . - - me - e e = —= == o — e = 1

GO 1C 89
CONTINUE

RETUARN 2. ..

7000 FORMATI80A1} )
TGG1 FORMATIAB, I8} .

T002 FORMAT{AB, [16}

7010 FORMAT(1HO,35X,61H¥%% ?BAR-TABLE-FULh -~ NO MORE PBAR DATA WiLL B

1E SAVED w#xx f26X,80A1)
END

— —— o ey mme———

SUBROUTINE RODJT
LOGICAL*Y1 €D
ENTEGER*2 OMIT .
COMMON/ IMAGE /7 £D(80)

COFMNCN/ BROD / IDR{20}, IDGR(20}, RPARM{20,5)y OMIT{20}, NROD
COMMON/ BGRID / IGDN{1000}, IPCG{(1000Q}, GCC(1000,3),NGD, __
COMMON/ BCROD / IDRO{1000s4)s HERD

COMMON/ BPROD / IDPRO(1000}, IDMPE10Q0Q), PROP(1000,4), NPRD
COMMON/ BNEW / NGRD, IDEX, IPEX,s IE£DCM, IDCV
X » THEX

COMMON/BMATL/ IDMAT{100),E{100),6{100},NHATL
COrMFON/ BLGHM / XC(3,51, I1, IZ, INCP

COMMON/ BDEFLT / AKGPDs AKGSD, AKMDs AKAPDs AKJPO
COMMON/ BSQGP / NWGRD!40}, SEQMX{40Q), N5QGP

COMMON/ BIMG / NIMG(20+40), IMG

REAL*8 TLCI 9}

DATA TLC / BHGRID + SHCROD + SHCDONM2 + SHOMITL '

1 8H 123456, BHSEQGP .. 8HPROD.. ... SHCYISC .., BHPVISC . _ ./
IF{NROD .LE. O} RETURN
START LOOP THROUGH NO. OF ROD ELEMENT JOINTS TO BE MODIFIED

DO 500 NR = 1,4 NROD,

TMG = 0O
IDE = IDR{NR)
106G = IDGRUNR) e e e e e et e e e e e i

C1=RPARMINR 1}
C2=RPARMINR,2)
D0 20 L = 1, NCRD ' S

IF{IDE .NE. IDRDIL,1)) GO TO 20
LL = L
60 TO 30
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T 7 156 CCNTINUE™

C

¢

c

OO0

U@BMW op

g@iggﬂﬁéﬁ ?ﬁ@ﬁl

20  CONTINUE o
WRITE{6,7010) IDE
G0 TO 500

30 CONTINUE o
IGA = IDRD{LL,3)
IGB = IDRD{LL,4)
CALL CCORD{IGA, 168, I0G, £500)
AKGP = RPARM{NR 3}
IF{AKGP «LT« 0.0) AKGP = AKGPD

IDOP = IDRDILL,Z}
IF{IDP «EQ. G) IDP = IDE

#%  SEARCH FOR PRQOD CARD IMAGE

DO i50 L = 1+ NPRD

IF{IDP .NE. IDPRD(LIY GO TO 150
Lp = L
GO TO 160

WRITE{&+7020} IDP
GG TO SQ0

160 CONTINUE
AKAP = RPARM{NR4)
CIFLAKAP .LT. 0.0) AKAP= AKAPD
AKJP = RPARMINR, 5)
IFIAKJP «LTe C.0) AKJP = AKJPD
AC = AKAP = PROP(LP,1)

X !/ LAKGPE{1.-AKAP) + AKAP)}
T€ = AKJP * PRDOP{LP+2)
X / (AKGP*{1l.-AKJP) + AKJP)

MID=IDMP{LP)
IF{Cl.LE.C.} GO TO 175

CHANGE MATERIAL PROPS TO INCLUDE OAMPING COEFFS

XE=E(MID}

XG=G{MID?

MID=IMEX

IMEX=IMEX+1

XL= SQRT(IXC(I.Z)—XC(I,IJl**z +
{XC{Z242)=XC{241))%%2 +
{XC(3:2)=XC(3,10)%%2 }

GE= Cl*XL/(AC*XE)/(1-—AKAP+AKAP/AKGP,

WRITE{Q,7008) MID+XE+XG,MID

CALL STORE( 20 )

oo

WRITE{O,7009} MID,6E
CALL STCGRE( 18 }
175 CONTINUE

CHANGE ROD TO REFERRENCE NEW PROPERTY CARD AND WRITE NEW CARD

T ODROD{LL,2)=lpEX T T o o TmTmTmmm oo . e e
WRITE{Q,7005) TLC(T}, IPEX, MID, T ACy TCy {PROP{LP LY+L=3,4)
CALL STORE( 14 )
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OO0

180

200

5CC

¥

7001
7662
7CC3
7004
7005
7CCe
7007
7008
7CC9
7010

7011
TOL2
7020

T050
TO80
7390

[F(C2.LE.C0.)} GO TO 180 .

GENERATE CVISC CARD IMAGE

WRITEL0,7006) TLC(8), IDCVs IDCYs 1GAs IGB
CALL STORE{ 10 )

GENERATE PVISC CARD IMAGE

C2=C2/{ 1.-AKJP+AKJIP /AKGP}

WRITE{O,7011) IDCV.C2,1IDCY
CALL STOREL(20)
WRITE(Q,7012} _IDCY

CALE STORE{2)
COCNTINUE
WRITE{ 64 TO50)_NR

WRITE{&6,7080}
DG 200 L = 1,4 IMG
WRITEL9,T7002) {NIMGIK,L) K=1,201

WRITE{6,7090) Ly {NINGIK,L} 4K=1,20)
CONTINUE
IDEX IDEX + 1

i

IPEX [PEX + 1
IDCY 10CYy + 1
CCNTINUE

RETURN

(1]

FCRFATS

FORMAT{AB, 218, 3F8.2)
FOR¥AT{20A%)

FORMATIAS, 518}
FOAMAT{2A8, TI8}
FORMATI48, 218, 4FB.2)__.. ..
FOGRMAT{A8,418)

FORMATIAS, I8, 2F2.1)
FORMATL SHMATL* +11642E16.6416X, 3H*HMEI, [5 )

FORMAT( 3H=Ml, TS5 ,48X, El6.6 1}

FORMAT[1HGQ, 33X, 31HE%% SPECIFIED ROD ELEMENT ID ,15,39H DOES NOT
1MATCH AY CROD ELEMENTS *%%/)

FCRMATL BHPVISC*® 4 116,14X+2H0.3E15.8416Xe 3H*PY, 15 )

FORMATE 3M%PV, IS )

FORMAT(LHQ,32% s 24H%%* SPECIFIED PBAR ID +15,38HDOES NOT MATCH AN
1Y PBAR ELEMENTS 5% /)

FORMAT{ 1H1, 47X, 28Hberex ROD ELEMENT JOINT - ,12, 8H w=rwk¥ [
FORMATIIHO 46X s 39H® #* * % & NEW CARD IMAGES ¥ % % k x /)

- — aruae a

FORMAT(20X,12,10X,20A%)
END
SUBROUTIHE BARJY . et et o e - o
tGGICAL*L CDy STAR
INTEGER*Z2 OMTB
COMMONS [MAGE / C£D{80O) - .. . R
CoyMON/ S8CBAR / TDBL1000)Y, IPBL1000)s IBAL1000Y, I1BBU1000!},
1 IBREC{1000), NBAR, NBREC
COMMON/ BBAR / IDBR({S5Q), IDGB{50}y BPARM{S50,12}, OMTB{50}), NBR
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20

30

_IF{NBR .LE. 0) RETURN

e e mEmmm e e R smeemey o e m o m w L

CCMMCN/ BGRID / IDGN{Ll000}, ICP{10003, GCDI1000,3),

NGD

COMMON/ BDEFLT / RDFLT(5), BKMD, BXGPDe: BKGSDy; BKAPDy BKASD,
L B8KJPD, BKJSD, BKI1PD, BKI1SD, BKI2PD, BKI2SD

COMNMCN/ BIMG / NIMG{20,401, ING -~

COMMON/ BCOMM / xC(3,5}, 11, 12, INCP

COMMON/ BNEW / NGRD, IDEX, IPEX, [EDCM, IDCV

X » [MEX

COMMON/BMATL/- IDMATC100),E{100),G(100]) sNMATL.

COMMGN/ BPBAR / 1DPB{1000)J+ IPREC{1000), NPBAR, NPREC

REAL®*8 TLC(&6), BB{4), ALy, A2 L e
REAL*8 RLC{2)

DIMENSION B{8)

CATA RLC / BHOMITI y BH 123456 7 )

DATA TLC 7/ BHGRID 4 S8HCBAR™ s BH y 8HPBAR N

1 BHCVISC s SHPVISC /

DATA STAR /' LH®: /7 L .

START LOOP THROUGH BAR ELEMENT JOINTS

|

0 N8B =1,
0
IOBR{NB}

NBR

[
LI L | B

IDGBINB)
DC 20 L = 1, NBAR
IF{IDE .NE. IDB(L}) GO TD 20

tL = L
Go TC 30
CONTINUE

L e

WRITEl&,7010) IDE
GC TC 400
CONTINUE

I6A = IBAILL)
IGB = 1BBI{LL)
CALL COORD{iIGA, IGB, IDG, €400}

BKGP = BPARM{NB.7)

[F{BKGP +LTe 0.0} BKGP = BXGPD

COMPUTE NEW GRID POINT —C— COORDINATES

DO 40 L = 1y 3 Lo . i
XC{Ly3) = XCIL,I1) % BKGP * (XCUL,I2) — XCiL,I1}}
CONTINUE

IGC = NGRD

NGRD = NGRD + 1
WRITE(O,7001LF TLCI1},
CALL STORE(LS®)

IGC! INCP, [XCIL'3’,L =113,

ESTABLISH GRID POINTS E L F

IGE = NGRD
IGF = NGRD + 1
NGRD = NGRD + 2
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S0

100

LCALL EFCL_EL, B, 8B, £400)

CAaLE SEQGEN{IDG, IGC)
CALL SEQGEN(IDG, IGE}
CALL SEQGEN{IDGs IGF}

TEST FCR CMIT CARD GENERATION
IF{OMTBINBY .EQ. 0} GG Td 50

WRITE({0,7003) RLL(L}, RLCI2}s IGC, IGE, IGF
CALL STORE(L1G ) _

CONTINUE

CALCULATE E & F COQRDINATES

WRITE{Q,700L1) TLC(1), IGEs INCP, (XCiLs4)sL=1,3)
CALL STORE{(lé] —

WRITE{0,700L) TLC(1), IGF, INCP, {XC(L+5),L=1,3)
CALL STORE(14)

"INSERT NEW GRID POINT 1aD. IN ELEMENT LL

IF{11 «-NE. L) GO TO®60._.. .

IBA(LL) = IGC
GO TO 70
Iegtee) = 1660 .

CONTINUE

GENERATE ELEMENT CARD FOR_NEW_BAR ELEMENT_,

I3 = B(8}
IF{I3 .EQ. 2} GO TO 87 . ___

WRITE(Q,7002) TLC(2}, I[DEXs IPEX, 10Gs IGCs (B{L+&3,L=1,4Y

GO TO 89
CONTINUE

IDP = B{5}

WRITE({Q, 7009} TLC(2), TOEX, IPEX, IDG, IGC, 1DPy I3
CONTINUE Cem e -
CALL STGRE{ 18 )

ESTABLISH PROPERTIES OF THE NEW ELEMENTS

10P = IPB{LL)
IF{IDP «LEs 0) [DP.= IDE.__.

SEARCH FOR PBAR IMAGE
D0 SO L = 1, NPBAR
IF{IDP «NE. IDPB(L)) GO TH_ 90

LP = L

GC TC 100 .
CONTINUE R
WRITE{6,70207 IOP

GO TO 400

CONTINUE
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12¢

C

Ex

140
e

145

T B(1)

TTCONTINUE

NRELD = [PRECI(LP)

REaIND 4

DG 120 L = 1y NRECD

REAC[4,7004} CD

CONTINUE

WRITE{(OQ,T7C04) CD

IF{CD(5) +EQ. STAR) GO 70O 140

IFICDIR] +EQe STAR) GO TO 140

SINGLE FIELD WORD -
READIC.7Q05) Al, B
GC TC 180

CONTINUE

OQUBLE FIELD WORD
READ({O,7006) Al, 88
DO 145 L = 1, &
Bi{L) = B&{L)
CONTINUE
READ{4,7004) CD
WRITE{0,7004) CD_
READ(O,7006) Aly BB
DC 150 L = 1, 4
B{L+4) = BSI(L)

NRECD = NRECD + 1
CONTINUE

BKAP = BPARM(NG,8)
BJP = BPARMINB,9)

BRKILP = BPARM{NB,10}
BXI2ZP = BPARMI(NB,11)
[F{BKAP .iT. 0.0} BKAP = BKAPD
IF{BKJP LT« 0.0} BKJIP = BKJIPD

[FIBKI1P .LT. 0.0) BKI1P = BKI1PD
IF(BKI2P LT. 0.0} BKI2P = BKI2PD
13 = B{2}

= B(3) * BRAP
B{2) = Bl&) * BKELP
Bi3} = B8{5} * BKL2P - e
Big) = Bl&) = BKXJIP

WRITE{Q,7021) IPEX+I34B{L},B{2)1IPEX

CALL STORE(20}
WRITE(Q,7022) IPEX,B(3},B(%4]
ALL STORE!(10}

‘GENERATE RODS WITH DAMPING FACTORS ON HATL CARD

184

185
X

DC 184 L=1,NMATL
IF{IDMATIL).NE.I3) GO TOQ 184
XE=E{L}

XG=G{L}

GC 70 185

CONTINUE

STOF 231

XL=BKGP#SQRT({(XC{1s1)-XC{1y2))*%2 +
{XC(2,+,1)=XCl2,21}%%2 +
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http:IF(IDMATL).NE.13

187

(XCUO3,11-XC(3,2))1¥F%2 )
SUMC=0.
08 187 L=1+6
SLMC=SUMC+BPARM{NB,L)
GE=XL*SUMC/{XE*l.E-82B{1]))
MID=1MEX
IMEX=IMEX+]
WRITE(Oy7C1ilY MID,XE4XG,MID
CALL STORE[ 20 }
WRITE(O,TO0r2) MID,GE S
CALL STORE( 18 )
FI=XL/{XE*GE]}
F2=XL/{XG*GE) —
XAM=F 1%*BPARM{NB,L}
XAN=F1*BPARH({NB,2)
XAP=F 1 FBPARMINB 13 ) e e s s e e i e
AIM=F2=BPARMI{NB ,4)
XJN=F2>BPARMINE,+5)
XJIP=F2*BPARFIND,6) R e e e e

WRITE(0,7013) IDEX,IPEX,IDG,IGC
CALL STORE({ 10 )
WRITE(Q,7014) IPEX.MIDs XAM:XJMsIPEX

CalLL STOre{ 20 )
WRITE{Q,7015) IPEX

CALL STOREL 2 1 e s
IOEX=]IDEX+1

[PEX=IPEX+]
WRITEIQ,7013) IDEX.IPEX,IDG+IGE
CALL STORE{ 10

WRITE(O,7014) IPEX MID, XAN,XJM,IPEX
CALL STORE( 20 }
WRITE{O,7015) 1PEX
CALL STOREL 2 )
IDEX=IDEX+1 . S
[PEX=IPEX+]
WRITE{Q,T7OLl31 IDEX.IPEX.I1DG,IGF

CALL STORE( 10 ) o r— .

- Ame e am e e e—m e ermm——— i m = e m—— i = et ———

WRITE(0O,7014) IPEX.MID, XAP,XJP,1PEX
CALL STORE( 20 )
WRITE(Q,7CLS) IPEX ... -

CALL STOREC(C 2 1}
IDEX=IDEX+]
IPEX=IPEX+] — =2 —-

GENERATE FMULTIPOINT CONSTRAINT CARDS

"HID = BPARM(NB, 12)

IF{HID JEGQ. DFET) HIE = ONE
CALL MPCGEN{IGC, IGE. _IGE. HID}

PRINT OQUT JCOINT INFORMATION AND NEW BULK DATA CARDS

WRITE(6,7100) NB
WRITE{H,71301
DO 300 L = 1, IMG
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3CC

460

¢ =%

7000
7C€C1
7002
7003
TCC4
7005
7006
7007
7008
7009
7010

7011
7012
7413
7014
7015
1G240

7021
1C22
7100
7130
7140

HRITE{9, G000} [NIMGIK,L),K=1,20)
WRETE{6,7140) L, {NIMGIK,L),K=1,20)}
CONTINUE

IDEX = IDEX + 1

IPEX = [PEX ¢ 1

CONTINUE

RETURN

FORMATS
FORMAT(20A%) T T o

FORMAT{AB+218, 3FB.2,2{7X+1HD))
FORMAT{AB,418, 4FB8a.3) .
FORMAT{2A8, 718}y ~~~ 777
FORMATI{BOAL}
FORMATIABy 8F8.0)

FORMAT{AS, 4F16.0)"
FORNMAT(A8, 418)
FORMATIAB, 1B, 2F8.1)
FORMAT{A8, 518, 124)
FORMATI1HO+28X+31H%*%  SPECIFIED BAR ELEMENT ID » IS,
1404 DOES NOT MATCH ANY CBAR ELEMENTS  **% [/}
FCRMATL 8HMATLI= y 164 2E16.6416Xy 3H*M1, [5})
FORMAT! 3H%M1, IS5 448X, El6.6} .
FORMAT{ 8HCROD . 418 )

FORMAT{ 8HPROD* , 216, 2E16.8s 3H¥PR, I5 )
FORMAT( 3H*PR, [5 )

FORMATIIHG,25X,36H#+%  SPECIFIED PROPERTY ELEMENT 10 ,_ I5s_
140H DOES NOT MATCH AMY PBAR ELEMENTS %% [}

FORMAT{ 8HPBAR* , 2116, 2E16.8, 3H%PB,I5]

FORMATL{ 3H%PB, I5 , 2El6.8 1}

FORMAT{1H1,47Xs2BHe#%4%  BAR ELEMENT JOINT - ,12, 8H  ®2uxx /)
FORMAT [ LHO 46X, 39H% % % % % NEW CARD IMAGES % % * & & [}
FORMAT{20X,12, 10X, 2044)

END -

SUBROUTINE EFC{ LLs B, BB, *)

COMMGN/ BCBAR / 1D0B(1000), IP8(1000}, TBA{1000), I1BB{1000},
1 IBREC({10C0), NBAR, NBREC

COMMON/ BGRID / IDGN(1000), ICP{1000}, GCD(1000,31, NGD
COMMON/ BCOMK / XCt3,5), 11, I2._
COMMON / IMAGE / CD(8Q)
LOGICAL*L CDs STAR

REAL*8 Al, BB{4)

DIMENSION B{8), VLI(3}, Y23}, V31{3)
DATA STAR [ 1H% /

"SEARCH FOR CBAR

[OP = IBRECILL)

REWIND 3
00 10t = 1, IDP
READ(3,7000) CO___

CCONTINUE
IFICD({5) «EQ. STAR} GO TO 30
IF{CD{8) .EQ. STAR} GO TO 30
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HE
S pUGEBILATY OF THE .
%ﬁﬁm paGE B 200

C #%¥ SINGLE FIELD CARD .
WRITE{Q,7000) CD
READ(Q,700L) Al, B
GC Tad 50
30 COMTINUE
C *%* DQUILE FIELD
REAB{3,7000} CD . -
WRITE{O,T7CQQ) CD
READ{O,7002) Al, BB
- - DC 40 L = 1y &
B{L+4}) = BB{L)
40 CONTINUE
- 50 CONTINUE
ipP = 8(8}
IF{IDP «EQe 2} GO TD 60
N vZ2il) BIlZ)
vaizi GRECH
varzl BL{T)
- GO T0 70 S -
&0 CCNTINUE
1bP = B{(5)
——— DO 65 L = 1, NGOD.
IF(IDP aNE. IDGNI{L)) GD TO 45

VZ201) = GCD(L,1} = XC{1.+I1)

V2{2) = GCD{L+2) = XCl2Z,I1) -
vz{3) = GCBIL,3} - XC{3,I11)

GO T0 70O

65 CONTINUE
WRITE(6,7010) IDP

RETLRN 1 )
70  CONTINUE

vi{1) = XCt1512) = XCi1,11)
VI12) = XCU2,12) — XC(2,(1)
V113) = XC(3,12) - XCI3,I1) _ .

C

C #% F CCORDINATES

c S
AC=SQRTI(XCI1,3)-XClLy I1)}%%24{XC12,3)~XC(2, 11} }#22+{XC(3,3)=XC(3,
111)) %22} .
V3EL1) = VI(2) # V2(3) - VL{3) % V2(2) _ . _ . . . ol .,
v3(2) = VI{3) #% V2(1) — V1{1) % V2{3)
V3{3) = VL{1)} #* Vv2(2) — VII2) % ¥2{1)
AMG=SQRTI V(1) £#2+V3{2}%%24V3 {3} %%2} _ I
XCUL1,5) = XC{1,I1) + V3{1)%AC/AMG
XC12,5) = XC{2,11) + V3(2)%AC/AMG
XC(3,5) = XC{3,I1} + Y3([31%AC/AMG

c

C #= E CCORDINATES

C . _ S .
v2{l) = V3{2) * VI(3) — v3(3) * Vv1(2)
v2i2) = V3{3} % VI{1) — V3(1) * V1{(3) :
v2(3) = V(1) * VI{2) — V3(2) * VI(L)_ . __. _ ._____. .

AMG=SQRT(V2(i)**2+V2(2}**2*V2(3)**23
XLiles) XCUL,I1) + V2{1}¥=AC/AMG
XC(2.4) XC{24+I1) + V2{2}F¥AC/AMG

wn
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XCl{3,4) = XC{3,I1} + V2(3)*AC/ANG
RETURN

7CCC FORMAT{80AL)

7001 FORMAT{AS8, BFB.0)

7002 FORMATI(A8, 4F16.0}

7C1C FORNMAT{IHO,13X,94H%%*  CCULO NOT LOCATE GRID POINT FOR REFERENCE
ICCORDINATE SYSTEM - SUBROUTINE EFC - GRID NO. +I5, 6H___%%% /)
END
SUBROUTINE COCRD{IGA, iGB, 10G, #*)
COMMON/ 3GRID /IDGR(L00Q), ICP{1000}; GCDY1000,3}, NGD

COMMON/ BCOMM / XC{3,5)y Il, IZ2s ENCP

£% COMPARE INPUT GRID PCINTS FOR VALIDITY AND ORDER

11 =1

[2 = 2 e
IF(IDG .EQ. 1GA) GC To 20
[1 =2

12 =1

IF{IDG .EQ. IGB) GO 1O 20
WRITE(6,7000) IDG, IGA, IGB
RETURN 1

26 CONTINUE

#% SEARCH GRID TABLE FOR_COORDINATES

B0 30 L = 1.NGD
[FIIGA <NEe IDGR(LJ)_ GO TO_ 360
DO 25 K = 1, 2
XCi{Ks 1} = GCO(LLK)

25 CONTINUE o
[F(11 .EQ. 13} INCP = ICPLL)
GO 70 40

3G CONTINUE
HRITE(&,TCQLO) IGA
RETURN 1

40 CONTINUE
DC 50 L = ly NGD
IF(IGB .NE. IDGR(L)) GO 70 50
Bg 45 XK = 1, 3
XC (%, 2} = GCDI{L K]

45 CONTINUE
IF{I2 .EQ. 1) INCP = ICPIL).
GG 76 o0

50 COMNTINUE
WRITE{6¢7010) 1GB

RETURN 1
6C  CONTINUE
RETURN_

7000 FORNMATIIHO,29X,72H%%+  ELEMENT GRID POINTS DO NOT COMPARE WITH §P
IECIFIED GRID POINT  =%% /38X,L2HSPECIFIED = 415, 10X,l2HELEMENT =
2 A 415, TH 8 ,15 /%

7010 FORMAT(1HO,18X.4BH=%% NO MATCH FOUND FOR THE ELEMENT GRID POINT
1 5 15,42H IN THE GRID POINT COORDINATE TABLE  #%% /}
END
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SUBROUTINE MPCGENIIC, IE, IF, HID}
COMMON/ BCOHM 7 XC13,45), L1, I2
DIMENSION C({3)
DIMENSION TLC(LO) - . . ; .
DATA TLC ./ 4HMPC , 4H 1+ 4H MPC, 4H+MP{, 4H 1y 4H 2y 4H 3y
1 4B 4y 4H 5 4+ 4H 6/

. DATA iCNT, Al‘l A2 / .990!-1.0!-.‘.1.0 , —— e s

C
Il = 1E
N -2 =.4
DC 1901 =1, 2
C
— ~ NI =.5..._
NZ = 3
N3 = 10
—_— ee—-Na. =9
NG = 2
C

——e e DO 10 L. 1. 3.

CIL) = XC{Ly3 )} = ACIL,12}
1Q CONTINUE
L2 = =12}

c
b0 506 J = 1,4 3
ICNT = ICNT + 10

#%  FIRST/THIRD/FIFTH CARC IMAGES

I aR xRel

WRITE(0,7001) TLC{1}, HIDy Il, TLCIN1), Al, ICs TLCINL],
1 A2, TLC{3}, ICNT
CALL STORE{ 20 } .. _.

** SECGND/FOURTH/SIXTH CARD I[MAGES

[aEaEal

ICNTL = ICNT

ICNT = ICNT + 10

WRITE{O,7002) TLC(4}, ICNTL, ICs, TLC{NZ&}e C{N2), IC, TLCIN3}4CINS) ____
CALL STORE{ 18 )

NI = NL + 1
IF{J «GTe 1) GO TO 40
M5 = N5 - 1
NG = N& - 1
Ci3} = —C(3)
GO TO 50
40 CONTINUE . -

N3 = N3 - |
N2 = N2 ~ 1
Ci1) = -C{1) VA
ci2) = =C12} °
50 CONT INUE

C ** SEVENTH/EIGHTH/NINTH CARD TMAGES

D0 75 4 = &4 10
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75

1cC

7001

S 7

__C

[a N Nyl

T cC

OO0

10
%

20

&

30
40

i
13

7000

TCC1
20

7CC2
30

33

WRITE(OQ,70CL) TLC(1), HID, Ile TLC{J)s AL, TIC, TLC{J4}, A2
CALL STORE! 16 )

CONTINUE

11 = IF
12 = 5

CONTINUE

RETURN
FORMAT{ A4, Al2, 18, A8, F3.1l, I8, AB, FB.l, Al2, I4)
FURP‘EAJL{_‘A_{#_‘_! [4y [16, AB, FB43, I8, ABy F8a.3, Al2, 124]

END
SUBROQUTINE STORE( N )
COMMON/ BIMG / NIMG(20,40), IMG

DATA IBLNK/ 4H /

I¥G = IMG + 1

IF{N - 20) 20, 40, 10
CONTINUE

N GT 20 NCT PERMITTED

N =20
GO TO 40
CONTINUE

BLANK OUT UNUSED PART OF IMAGE
Il =N+ 1
DG 30 L = Il, 20

NIMG(L,IMG) = IBLNK
CGNT INUE
CONTINUE

READ IN CURRENT CARD IMAGE

READIQ,7000) " {NIMG(L,y TMG}, L= LN}
RETURN

FORMAT(20A4%)

END

SUBROUTINE MATLIKI

ROUTINE TG STORE MATERIAL PROPERTIES E AND G

COMMON/BMATL/ IDMAT(100},E(L00),G{100),NHATY ___

r——— ———

IF(NMATL.EG.100} STOP 30
MMAT1=NMATL+1
IF(K.NE.18) GO TO 20 _
REAC{0,700L} IOMATINMATL)E{NMATL} +XGsXNU
FORMAT( B8X, I8, 3F8.0 )

GO TO 30

READ{Q,7002) IDMATINMAT1)+ECNMAT1) X6+ XNU
FCR¥AT( 8%, [16,y 3F16.0 )
CONTINUE

[F(XGaGT-0.) GO 10 %0
IF{XNU.GT.0.) GO TO 33
XG=0e R

GO TGO 40
CCNTINUE
XG=E(NMATL) /{2.%(1.+XNU))



40 CONTINUE
G(NMATL) =X6
RETURN .
END . e ) —
SUBROUTINE CPLATEINE}

ROUTINE TO PROCESS A CQUADL.CQUADZ, OR CODMEM ELEMENT
CONRECTION, DEPENDING IF NE=Z,3, OR 4. STORE INFO 50
THAT CONNECTION CARDS CAN BE ALTERED IF JOINTS INTROBUCED

OO0

COMMON/BCPLT/ IDCP(IOOO],IPiD(lOGOl,NG{lOGO,4} TH(10G0) ,INC{1G000},
X NCPLT

DATA IFMSG/-1/ . e . .
COMMON/ IMAGE/ CD(ZO?

IF{NCPLT.EQ.1000) GO TO 80

NCPLT=NCPLT+l _ ... — S — ——
READ{O,70001 !DCPIVCPLT},IPIBINCPLTIleG!NCPLT J! 451487,
% THINCELT)

7000 FORMATI 8X, 618, F8.0.)

INCINCPLT )=NE
GO 70 S0
—..— 80 IF{IFM3G.GT.0)L.GO T 86

IFMSG=1
WRITE{657002) CO _
7602 FORMAT(129HO®%%  PLATE CONNECTION TABLE FULL. ALL PLATE CONNEGTL. [ .

X0ONS FROM FOLLOWING CARD ON ARE NOT CONSIDERED BY PREPROCESSOR %% /
X 20%, 20a4 )

86 CONTINUE

WRITE{S,7004) CD ) e s

7004 FORMAT( 2044 )
90 CONTINUE . __ i , . .
RETURN
END
SUBROUTINE _PLATELE)

c ,
C THIS ROUTINE PROCESSES THE $PLATE CARD AND STORES
C THE INPUY DATA IN COMMON BLOCK. /7BPLATE/ _ C e e s rmrrim
c
COMMON/BPLATE/ [DPL200), IDGPLT(ZOOfZ)vPLTPRMIZOO15)'MPCID{ZOOlr
X EHPL200) 4NPLY —— - R — - -
X ,MPCPA(2001.MPCPB{2003

COMMON/ IMAGE/ CD{BO}
DATA PLUS/LIH+/ -
INTEGER OMP

DIMENSION A(L2)
READLG,T7000) {A(I}.1=1,5}

7000 FORMATIBX8F8.0)
READ{5,7001} CD
TQO0L FORMATL BOALI

WRITE(O,700L) €D S

IF(CO(114ECQ.PLUSY GO TO 20

CONTINUATICN CARD NOT GIVEN

SO0

DO 8 I=6s12
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http:IF(IFMSG.GT.OL

RaETER)

(g ]

B

7002

20

T READ{O,7000) (A{IT,1=5,127

30

7009

35

40

gaQ

_7¢Q0

X

8

__PROPERTY_CARDS

A{l)=0.

Al6l=.05

AlT)=.5

A{8)=.5
READ(O,7002){CO(IY,.I=1,20]
FORMATL 2DA% )

J=1

GO 70 30

CONTINUE

PROCESS CONTINUATION CARD

CALL RADJI{L,IDX)

IF{A{6).EQ.—1.) A(&)}=.D5
IF{A{TILEC.~L+) A{TYI=.5

[IF{A{8).EQG.~1.) A(B}=.5
IF{A{9)eEQe=L1la) A[9}=0.
IF{A{10).EQu=1.) A[{10}=0.

IF{AIII,QEQ.-IO’ Al(L1)=0.
IF(A{12)EQamls) A(12)=0.
J=0

CCONTINUE
[IF{NPLT.LT. 200} GO TG 35
WRITE{6,7009)

FORNATL 49HO*%* THE NUMBER OF PLATE JOINTS EXCEEDS 200 ==
GO TQ 80
CONTINUE

NPLT=NPLT#+1
IOPINPLTI=A(1}
IDGPLTINPLT+1)=A{2)

[DGPLT{NPLT2}1=A13)}
0O 40 (=1,5
PLYPRM(NPLT,I)=A{TI+3)

MPCTIDINPLT I=A(9)
OMP{NPLTI=A(10)
MPCPAINPLTI=A{LIL}

MPCPBINPLTI=A{12)
CONTINUE
[F{J.NE.O) RETURN 1

RETURN
END
SUBROUTINE PPLATE (NP}

RCUTINE TC STORE PLATE THICKNESS AND MATERIAL CODE FROM

COFMCN/BPPLT/ (DPP(1OQ0), INPL10QQ}, THICK(lOOO!rIHIDIIOOleNPPLT

COMMON/IMAGE, CD(20)

IF(NPPLT.LT.1000} GO TO 8
WRITE{&,7000}) CD

FORMAT({ 55H0*#= PLATE PROPERTY TABLE FILLED. CAMNGT _CONTINUE 2%

/ 20X, 20A4
STOP 20
CONTINUE

233


http:IF(NPLT..LT
http:IF(A(9).EQ
http:A(6)=.05
http:A(6)=.05

NPPLT=NPPLT+}
[FINP.EQeds +OR. NP.EQ.9 .0OR. NP.EQ.12 .OR. NP.EQ.LS5) GO TO 20
READ{0+7002) I[DPPI{NPPLT!,IMIDI{NPPLT),THICK{NPPLT)
TQ02 FORMATL 8Xs 2116, Fl6.0) -
GO 70 30
20 READ{OQy7004) IDPP{NPPLT)IMID{NPPLT),THICKINPPLT]
7004 FURMAT( 8X, 218+ FB.O )
30 CONTINUE
K=5
IF{NP.GEL& .ANDe NP.LE.8) K=2
IFINP.GEa9 ANDS NP-LE\-].].}K=3
TFI{NP.GEL.12 +AND. NP.LE.Ll%) K=4%
INP{NPPLT)=K -
RETURN
END
SUBRAOUTINE PJ - ; - -

PREDUCE PLATE JOINTS

COMMON/BNEW/ 'NGRO, IDEX,IPEX, [EDCH, IDCV, IHEX T
COYNCN/SCONM/ XCU3,5),111,812, INCP

COMMON/BPLATES IDP(200) +IDGPLT{200+2)PLTPRM{Z00,5)sMPCIDI200ds .

X oMP {2001 NPLY

X 2+ MPCPA(200]),MPCPB( 200}

COMMON/BCPLT/ IDCP{100Q0},IPID(1000),NG{1000,4),TH{1000)+INC(1C0Q0],
X NCPLT )

COMMON/SPRLT/ IDPP{1G0C).+INP{1000C) ,THICK{1000}IMID{ 1000} +NPPLT
COMMON/BMATL/ IDMATU(IO00)},EL1100}),G(100]),NMATL
COYMON/ BCROD / I[ORD{10004+4)s NCRD

COMMCN/ BPROD / IDx{1000}, [DM{1000}, PRDP{1000.+4), NPRD
coxMgN/ BCBAR / [DB(1000), IPB{1000), IBA{L000)}, IBB{1000},
1 IBREC(1GCO0), NBAR, NBREC
COMMON/ BPBAR / IDY(1000), IPRECI{1000}, NPBRsy NPREC
LCGICAL NEWGAP:NEWGBP R .

INTEGER GA,GB,GC ,GD,GAP,GAP
DOUSLE PRECISION BB({ L0}
INTEGER EDGE{200,3}

DATA KSTR/1Hx%/

DATA IPLS/1H+/

DIMENSION AX(5) e e e e e e e
REAL=8 CCL10) ,wW (10}

IF{NPLTLE.Q] RETURN

LEDGE=Q R UV

WRITE (946999}
6999 FORMAT({ LE8HPARAM W 1.
DO 800 XK=L.NPLL

J=1DP{KK}
KA=IDGPLTIKK,1}
KE8=IDGPLTIKK,2} . . _.__..

DC 10 I=l.NCPLT
IFLIDCP{T).NEL. ) GO TO IO
K=1] . e ame-

KKK=1
GO 7O 12
10 CONTINUE
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http:IF(NP.GE.12
http:NP.EQ.A5
http:NP.EQ.12

o0

12

20

21

22

T GB=AGIK,JB) T

205
206

207

208

209

GC TC 800

CONTINUE

DO 20 1=1,4
IF(AGIK,11.EQ. KA} JL=1
IFINGIK,[)<EQJKB} J2=I
CONT | VUE

JASNINO(JL,J2}

JB=MAXO{J1+J2)
IF({aROTelJALEQ. L. AND4 JB4EQa41) GO TG 21
Jo=2

JC=3
Go TQ 22
CONTINUE

- [ — P J—

Jo=JA-1

[FLJD.EQa ) JD=4

JC=JB+1 e L
IF{JC.EQe5} JC=1 )
CONTINUE

GA=NG{K,JA}

GC=NG(K.JC)
GD=NG{X:JD}

CHECK TD SEE IF EDGE A-D ALREAGY HINGEDs AND THE EDGE B-C
NEWGAP=.TRUE,

NEWGBP=. TRUE.

IFILEGGE.EQ.0) GO TO 2086
D0 205 I=1.LEDGE
IF{.NCTlGA.EQ.EDGElT+1 )« ANDLGD.EQ.EDGE{L4+2)1}1GO ¥O 205
GAP=EDGE(T,3}

NEWGAP= . FALSE.

GG 70 207

CONTINUE

_—— - - ————— - - At i e mwm —

CONTINUE

GAP=NGRD
NGRO=NGRD+1
LEDGE=LEDGE+]L
EOGE(LEDGE,.1)=GA
EOGE{LEDGE,2)=GD
ECGE(LEDGE,31=GAP
DG 2068 I=1,LEDGE
IF{ . NOT.(GB.EQ.EDGE(I41).AND.GC.EQ.EDGEII,2]))GO TO 208
GBP=C0GE(1,3)

NEWGBP=oFALSE.

GG TG 209

- .o a—_ e = —— aa w r - M we W e e e b = m— T =

CONTINUE
GEP=NGRD
NGRD=ZAGRO+1 __

LEDGE=LEDGE+]
EDGE(LEDGE,11=G8
EDGE{LEDGE 42) =GC

EDGE{LEDGE, 2}=CBP
CONTIRUE
NG(X,JA)Y=GAP
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http:IF(.NOT.(GB.EQ.EOGE(1,1)..AND.GC.EQ
http:IF(NGCK,I).EQ.KB
http:IFtNGC,IJEtQ.KA

OO0

OO0

24
26

28

30

32

34

4qQ
42

43

7000

NGIK.,JB)=GARP

SEARCH RCD TABLE FOR RODS ALONG EDGES
IF FOUND. CHANGE TO. BE. GA-GAP-GD OR

IF{NCRD«LE.0) GO TO 42
NCRDX=NCRD O
DO 40 I=1.NCRDX

"GA-GD OR GB—-GC

GB8-GBP-GC

IF{oNOT.{IDRD{1+3).EQuGA.AND IDRD{1,4).EQ.GD}}IGO TO .24

[FL.NOT.NEWGAP] GO TQ 40. ..
IORD(I»31=GAP
G4 TO. 32

IF{.NOT.NEWGAP)} GO TO 40

TORGET 44} =GAP

GO 7O 32 e ——
IFL.NOTW {IDRD{Iv3J EQ-GB-AND¢IDRD(1141
IF{«NOT.NEWGBP) GO TO 40

EQ.6CY1Ga TO ZB

IDRD(I,+3) =GP
G0 TO 30 )

IF{.NOT.{IDRD{¥1+41.EQ.GB.AND.IDRD{I,31.EQ.GC)IGO TO 40

IF{.NOT.NERGEP) . GO_T0O_40

IPRD{I+4)=GBP

CONTINUE

J1=G3 A
J2=GBP

GO TO 3%

J1=GA o aen -
J2=GAP

CONTINUE

NCRO=NCRD+1
IF{NCRD.GT.L0Q0) STOP 98
IDRD{NCRD,1}=IDEX
IDEX=IDEX+#1
IDRD(NCRD 22} =IDRD{T,2)
IDRD{NCRE.3)=J1
IBRCTNCRDs%Y=22

CCONTINUE

CONTINUE-

SEARCH BAR TABLE FOR BARS ALONG EDGES
IF FOUND, CHANGE TO BE GA-GAP-GD OR

[F{NBAR.LE.O}GO TO 75
REWIND 3
DO 70 I[=14NBAR ...

GA-GD OR GB-GC
GB~GaP-=GC

CONTINUE

READ(3,700Q) BB
WRITE(O,7000} BB{1l}
REAC(Q,7030) K
IF(K.EQ.IPLS) GO TO 43
FORMAT( 1048 }

IF(.NOT.(IBATT).EQ.GAL AND.IBB{I).EO‘GD))GO TO 44

IF{.NOT.NE%GAP) GO ¥4 70
IBALLI=GAP
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OO0

aaaa

44

46

48

50

52

54

7GC1

10
75

708

710
71z

720

730
740

GC TC 52 . .
IF(NDT.(1BB(1).EQ.GA.AND.IBA{1}.EQ.GD)IGO TO 45
IFL.NOT.NEWGAP) GO TO 70

[EB{11=GAP

GO TGO 52
IF{-NOT.{IBA{[}.EQ.GB.AND.IBB{I}<EQ.GC)IGO TO 48
TF({.NOT.NEWGBP)} GO TOQ 70
1BALL1=GBP

GO TO S0
TF(.NOT.(IBB(1).EQ.GB.AND.IBA(11.EQ.GCY}IGO TO 70

. —— et e . e r——t e m ——— = S e

IF{.NOT.NEWGBP} GO TO 70
18B(I}=GBP
CONTINUE

J1=GR
J2=GaPp
GO TO 54

J1=GA
J2=GAP
CONTINUE

QUTPUT NEW CBAR CARD

WRITE[9,7001)8B{1},I0EXsBB{31+d1,32+(BB{J)ed=699}
FCRMAT{ A8.+18,48,21844A8 )

IDEX=IDEX+1

CONTINUE

CONTINUE

SEARCH FOR RODS OR BARS ALONG EDGE GA-GB. [IF FOUND, HALVE
THE PROPERTIES AND ALSO PUT SAME ALONG GAP-GBP

—— B R TELLTE a8 cd marT—. — ar r — e ar T ae—— AwWe T

IF{NCRD.LE.CY GO TO 740
DC 730 1=1,NCRD
1F{GA.EQ.IDRD( 1,3}, AND.GB.EQ.TDRD(1,4)) GO TQ 708
IF{.NOT.{GA-EQ.IDRO(I,4).AND.GB-EQ.IDRD{I,3)}) GO TO 730
J=IDRD(1.42)

IDRD(1,2)=1PEX

DC 710 X=1,NPRD

IFIJ.NE.IOX{K]] GO TQ 710

JI=K

GO TO 712

CONT INUE

CCNTINUE

DC 720 K=1,4

AX[K)=0.5%PROP(JI,K}

WRITEL9,7004} [PEX,ICMCJJY s (AXIK}sK=1s3) . _
WRITE(9,7C03) IDEX,IPEX.GAP,GBP

ICEX=10EX+1
IPEX=TPEX+1 ___
GO TO 740
COMTINUE
CENTINUE o
[FINBAR.LE.O} GO Ta 785
REWIND 3

DO 780 1=1,NBAR
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http:IF(NCRU.LE

143

748

750
_ 152

7156
— . 758

7031

7032

162

OO0

7033
766

767
- 7034

7435

780
785

CONTINUE

READ(3,7000) HWw
WRITE(O,7000) WW(l}
READIQ,7030) K c e
[FIK.EQ-[PLS) GO TO 743
[F{GA.EQ.IBA{I[).AND.GB.EQ.IBB{I}} GO TO 748
IF(«NOT-{GA.EQ.IBEB(1}.AND.GB.EQ.IBA(I}})} GO TO 780

J=IPB{IL)
I[PBLII=IPEX
REWIND 4

DO 750 KS14NPBR
IF(IDY{K)<NEsJ} GO TG 750
JI=IPREC{KI=1_ )

GO TO 752
CONT INUE
IF1JJ.LE.0) GG .TO 7358

DO 796 K=1l44J
READ{4,7000Q) 8B
READ!{4,7000)_BB

READ{ 4,7Q0QQ) CC
HRITE{D,T7000} CCL1)
READIOQ,7030)_K

FORMATL Al )
IFIX.NE.KSTR} GO TO 742

DOUBLE FIELD PROP CARDS

WRITE(Q,TO000) BB . e e e e o e =

READ{G,7031) PFIDy{AX{K)K=1,2)
FORMAT{ 24X,116+2F16.0)
WRITE(Q,7CC0) CC —- -
READ(G,7032) {AX[K)K=3,5)
FORMAT( BXs4F16.0)

GO TO 766

COMNTINUE

SINGLE FIELD PROP CARD _._ _.

WRITE{O0,7000) B8
READ(G,7033) MID,(AX{K) K=1.5) s e

FORVMATI 16X,I845F8.0)
CONTINUE
DO 767 K=1l.5..

AX[K)1=0.5%AX{K)
WRITE(9,7034) [DEX,IPEX,GAP:GBP, [WW{K)+K=6,9)
FORMATI[ B8HLBAR .+4I8s_4A8 Y _

WRITE(9,7035) IPEX,MID,AX{1)sAX(2)sI1PEX,IPEXy (AXIK}sK=3,5)

FORKMATL BHPBAR® +2116,2EL6.8, 3H%PB, [5/ 3H*PB, IS5, 3E16.8 1}

IPEX=IPEX+]

IDEX=T0EX+]
GC TC 785
CONTINUE
CONTINUE

GET MATERTAL PROPERTIES AND THICKNESS FOR CPLATE K
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http:IF(.NOT.{GA.EQ

T ""88 CONTINUE

c
c

OO

J=IPID{KKK}
NE=TNC (KKK}
DO 80 I=1,NPPLT
IF(IDPP(I).NE.J) GO TO 80
IFLINPIIY.NELNE) GO TO 80
1P=1 o
GO TC 82

80 CONTINUE
sToP 97T

82 CONTINUE
T=THICK! P}
J=IMIDIIP}

o —— e = e By m———— e o —

DO 86 I=1,NMATI
IF{IDMATITI}.NE.J) GO TO 88
M=

G0 TO 88
86 CONTINUE
STOP 95

EE=E(IM)
_.Ge=6(IM)

GET CCLORDS OF GRIDS A AND B. CALC DISTANCE BETWEEN

CALL COORD{GA,GB,GA,&800)
XAB=XC(1,2)-XC{1l,1)
YAB=XC1242)=XC12,1)

2AB=XC{3,21-XC13,1)
XLAB=SQRT{XAB#%2+YAB* %2+ ZAB¥%2 )
AAP=PLTPRM{KK 3} #XLAB

IF( «NQTNEWGAP) GO TO 89

_ CALC_POSITION OF GRID GAP BETWEEN GRIDS A AND D

CALL COORD{GA,GD,GA,5800)
AK=XC(1,2)}-XC{1l,1])
YY=XC{2,+2)-XCl24+1)
ZZ=XC(3,2)-XC(3,1)
AL=SORTIXX®F2+YYR¥2+ 2T%%2)
XP=XCl1l,Li+AAP*XX/XL
YP=XC{2+11+AAPRYY /XL
IP=XC{3, 1) +AAP¥ZTI/XL

OUTPUT GRID GAP

WRITE{9,7002) GAP,INCP,XP,YP,ZP
7002 FORMAT{ BHGRID + 218, 3F8e3 ,2{TX,1HO}}

IF NORMAL DOF IS TGO B8E MPC~EDs CALCULATE COORDINATES OF NORMAL

[DMPLA=0

[F{.NOT. (MPCPAIKK).EQ.GA .CR. MPCPB(KK).EQ.GA)} GO TOD 89

ANORMX=YY=ZAB—-YAB*ZZ
ANORMY=2Z*XAB-ZAB*XX
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http:IF(.NOT.APPCPA(KK).EQ.GA
http:1FfINP([).NE.NE

[N e Nel [a R aNa

OO0

89

T003

TCCE

7CC5

96

ANGRMZ=XX#YAB~XABSYY
IDMPCA=GA
[Fl.NOT.NEWGBP) GO TO S0

CALC SAME FQOR GBP

CALL CCGORDI(GB,GL+GB48800) - e
XA=XCl1le2)-XC{1s1)
YY=XC{2:2)}=XC{2,1)
Z2Z2=%C{3,2}-XC13,1) e e ————
AL=SOQRT{XX*x2+YYRX2+ T T%%x2)
XP=XCi{lsLY+AAPEXX/XL
YP=XC{Z+ 13 H+AAPFYY /XL .. ___.
IP=XC{ 34 LY+AAPSZIZL /XL
HWRITE{9,7002) GBP+INCPsXP,YP, 2P

IF NORMAL DOF IS TO BE MPC—ED, CALCULATE COORDINATES OF NORMAL

IoMPCB=0. —

IE{.NOT. (MPCPAIKK].EQ.GB +CR. MPCPB(KK).EQ.GB)} GO TO 90
BNORMX=—[ YY#ZAB—YAB*ZZ)
BNORMY=—1 222X AB-ZA8*XX)

BNORMZI=—{ XX¥YAB-XABFYY}
1DMPCEB=GH
CONTINUE - . ————— e e e e =+ -

IF(NE.EQ.5) GC TO 96

GEMERATE COMNECTIONS .FOR SIOERODS . . _

I=1IDEX+1
WRITE{9:7003) IDEXs1PEX:GALGAP,[+IPEX,GB.GBP
FORMATL BHCROD sy 818 )

IDEX=IDEX+2
GENERATE PROPERTY CARD FOR SIDE RODS

AREA=,.SHPLTPRMIKK y &) 2 XLAB®T
WRITE(9+7004) IPEX,IMEXsAREA
FOR¥AT( 8SHPROD 1218, 4FB.4 )
IPEX=IPEX+L

GENERATE ¥MAT1 CARD

DAMP=PLTPRM{KK, 1) #AAP/ (AREA®EE) -
WRITE(9+TODS) I[MEX,EBE,GGe IMEXy [MEX s DAMP

FORMAT( SHMAT1#,119,2E1648,.16Xs_3H®ML, 15_/ 3H*ML,15,. 48X,E16.8])

IMEX=IMEX+L
CONTINUE

GENERATE DIAGONAL RODS
I=IDEX+1 - .
WRITE(9,7C003) IDEX,IPEX,GA:GBP,1,IPEX,GAP,:GB

ICEX=IDEX+2
AREA=.SF¥PLTPRM{ KK S} ¥XLABX*T*GG/EE
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http:IF(.NOT.trMGPA1KK1.EQ.GB

SoOm

SO0

[N eNg)

OO0

7010

7011
99

110

7007 FORMAT( 8HMPC ', 318, 5Xy3H-l.4 218,6%,2HL. ¥

HRITE(9,7004) IPEX,ITHMEX,AREA
TPEX=IPEX+]

XDFAG=SQRT{AAP**2+ XL AB*%2}
DAMP=PLTPRM{KK, 2} *XDIAG/ (AREA%XEE)
HRITE{G,7005) IMEX.EE,GGIHEX,IMEX,DAMP
IMEX=IMEX+1

IFINE.NE.S5) GO TO 99

GENERATE VISC ELEMENTS FOR SHEAR PLATES

I=IDEX+) 77 T T oo
HRITE{9,7C10) IDEX,1PEX+GAGAP,I,IPEX,GB,GRBP

FORMATIL BHCVISC y 818 )

 BEPRODUS
ORIGINAL

BB
PAGE

IDEX=IDEX+]
WRITEL9, 7011} IPEX.PLTPRM({KKs1)yIPEXy IPEX
IPEX=[PEX+]

SLyTY OF THE
2 &6 POOR

FORMAT( BHPVISC® o 116y ELl6.7y 32Xy 3H®PY, 15 /7 3H*PY, I5 1

CONTINUE
TF{MPCIDI{KK]4EQ.0Q) GO TO 120 u

GENERATE MPC EGNS FOR NORMAL DOF [F REQD

[IF{IDMPCAL.GT.0 .AND. NEWGAP)

¥ CALL PLTMPC(MPCID{KK) yANORMX, ANORMY s ANORMZ s JFROMA9GASGAP)

JFRDMB=1213
IF{IDMPCR.GT 0 «AND. NEWGBP)

X CALL PLTMPCIMPCIDIKK) ,BNORMX,BNORMY, BNORMZ,JFRDHB, 58,GBPY_ _

GENERATE MPC EQNS FOR ROTATIONS

DO 110 I=4,6
IFI{NEaGAP)
X WRITE{9,7007) MPCIDI(KK},GAP,I,GA,I
[F{NEWGBP)
X WRITE{(9,7007) MPCID(KK] ,GBP,1,G8,!
CONTINUE

12G CONTINUE

7008

IF{OMPIKK).EQ.0.) GO TO 130,

GENERATE OMITS FOR NEW GRIDS
IF{NEWGAP) WRITE[9,7008) JFRDMA,GAP
IF(NEWGBP) WRITE(9,7008) JFROMB,GBP

FORMATL BHOMITL _ ,»13,3H456, 110 )

130 CCNTINUE

800

CONTINUE

T GENERATE SEQUENCE CARC FOR NEW GRIDS

D0 840 I=1,LEDGE

GA=FIND(EDGE(T,1},EBGE{1,2})
GAP=EDGE(1,3}
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http:IF(MPCIOD(KK).5Q

sEeEunEel

OoOO

WRITE{9,7006) GAP.:GA

440 CONTINUE
7006 FORKMATI BHSEQGP v 184 16, 2H.5)
RETURN
END
SUBROUTINE CORSYS({K} e - P
READ AND STORE CORDIC CARD {K=1) OR CORDZ2C CARD (X=2)}
READ AND STORE CORDLAR CARD {K=32] OR CORD2R CARD {K=4)

COMMON/BCORD/ I1DCOR{20),IFLOR2120) »XPP12049)4NCORD
DIMENSION JPP{20,9) - -
EQUIVALENCE {JPP{1,1),XPP{1l,1})
COMMON/IMAGE/ CD{20)
IFINCORD.GE.20} STAP 47 - - - .
NCORD=NCORD+1 | i
[F(K.EQe2 «OR. K.EQ.4} GO TO 40
READ{CG+700C) IDCDR(NCORD]»{JPPINCORD+I}sI=143}
IF10R2{NCCRD).=K
GO 10 &0
40 CONTINUE e e e e e el
READ{G,7001) [DCOR{NCORD)»(XPP{NCORD,I14si=146)
READ(5,7002) €D
WRITE(Q, 7002} CD
WRITE(9,7Q02)% CD
CALL RADJ{3,I}
READ{ 0, T7003) (XPP{NCORDsI}s [=7,9)
IF10RZ{NCORD)=K
60 CONTINUE

RETURN

7000 FORMAT{B8X,4[8)

7CCL1 FOANMATIEX,18,8%+6F8.010

7002 FORMATI(20A4)

7003 FORMAT(8X:3F8.0G}
END
SUBROUTINE GCONY

ROUTINE TC CONVERT ANY GRID POINTS{INVOLVED IN BAR JOINTS)
TG BASIC COORDS . e e e e - - ————
DIMENSION JPP(2091)¢JJ1(3)+TNI343),¥T(31,VI{3),VK{3),Z{3)sH(3}
EQUIVALENCE {JPP{L.L},XPR(1,1})

COMMON/ BGRID / IDG(1000}, ICP{Ll0QQ0)s GCD(1000,3)y NGDs DUMAM

X o IXCDI1000},IXPS{1000)

REAL*8 IXCDs [XPS - ¢

COMMON/BCORD/ IBCOR(20),IF10R2120},XPP120,9),HNCORD
EQUIVALENCE (TNIL,2)}aVILLI) Yo {TNILe2),YITLI){TN(Ls3),VKi1}}
IFINCCRDWLLELQ) GO TO 801
D0 800 IC=1.NCORD
EOC=IBCORL1IC)
KIND=IF10R2{1IC)
IF{KIND4EQ.2 .0R. KIND.EQ.4} GO TO 20
DO &4 [=1,3

4 JIII=JPPIC, 1)
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http:FORMATC8X,[8,8X,6F8.OI
http:IF(NCORD.GE.20

T XPP{IC,8)=GCDI(1,2}

25

26

28
g

DO 8 I=1,NGD

IFIJJIL)LNELIDGIIY) GO TO 5

XPPI1C,1)=GCD(I,1}
XPPL1L,2)1=GCD{I,2)
XPPIIC|3)=GCD{I|3l
Go TC 8

IF(JJ(2).NE.IOGIT)) GO TO 6___

XPPLIC+4)=GCD(I,1])
XPP(ICy5)=GCD(I.2)
XPP(IC,6)=CCD(T,3)

Gg TO 8
IF{JJI3V.KRE.IDGLEY) GO TO 8
XPPLIC,7)=GCD{I,1)

XPP{IC,91=GCD{I,3)}
CONTINUE

CONTENUE
VK{1)=XPP{IC,4)=XPP{IC,s1)
VK{2Y=XPP(IC,5)~XPP{1C,2)

VK(3)=XPP({ICy6}=XPP({ICy3)

X=SORTIVKI1)=*Z24+¥K[2)+X24+YK [I) 2% 2]

VKIL1)=V¥K({1)/X

YK{2¥=VK{2) /X
VK{31=vR{3)/X
VI{11=XPPIIC,7T)~XPP{IC,1)
VI{2)=XPPIIC,8)}-XPP(IC,2)
VI{3)=XPP{IC+91-XPPLIC+3)
VJITL)=VK{2) =V (3 1-VK3i2vI(2)
YI{23=VK13)AYT(L)=-VR{1I*VvI{3}
VI3)=VK{LI*VvI{2)=-YK{21%VI({]}

X=SORTIVJILITR2 4V [ 2V 52y L{3 ) Ex2)

VL) =VI{ 1) /X

vi{23=vd(2)/%

VJII3)=vII31/% B
VI{L =V {2)2VK(3)-VJI{3)2VKI2)
VE(2)=VI 132 =VK{1}=VJ{ L) *VK{ 3}
VI(3)=Va({1I%VKIZ)=VI(2)*VK(1)
DC 60 i=1,NGD
IF(IDC.NE.ICP(I)) GO TO 60

IFIKINDLEQ.l .0R. KIND.EQ.2) GO TO 25 _

Z(1}=GCD(E, 1)
2(2)=GCD([,2)
G0 TG 26

Z{1)=CGCD(I,1)%CAOS( GCO(I,2)*.0174533 )
Z(2}=GCD{I,1)%+SIN{ GCD({,2)*.0174533 )}

CONTINUE

Z13)=GCDI(1,3)
WI1)=XPP{IC,1}
WI2)1=XPP(IL,2)
H{3)=XPP{IC+3)
DG 30 J=1,3

D0 28 K=1,3 -
WIS =Wl I +TN(I,K}*L(K)
CONTINUE

-

WRITE{ S, 7C00) IDGLI)oW{1) 9W(2)IDGLIY oIDG(T) W3 )4 IXCDII)y EXPSLI)
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http:IF(KIND.EC
http:IF(JJI3).NE

ICP(I2=0
GCD(1,1)=h(l)
GCD{I+2)=W{2)
GCDI L3 )=H{3]} C mne e
60 CCNTINUE
800 CONTINUE
- 801 CONTINUE o s
c
c OUTPUT ALL GRIDS NOW HAVING NON-ZEROC LOCATION COORD SYS FLAG
c .

DO 880 I=1,NGD
IF{ICPII}.LE.D) GO TO 880
WRITE(9,TO0L) IOG(T}+ICPIT) GCOII,1)4GCO(1+2),IDG{I)4IDGI{L)y
X GCDIL #3),IXCD{I)41XPSIT}
880 CONTINUE
RETURN ——-

7000 FORMATL BHGRID®*  ,116415Xs1H0+2E16.8y 2H%Gy 16 / 2H%Gs b4
X E16a8,2(8X,A8})

7001 FORMAT( BHGRID%* .. , 211642E16.8,2H%C,16/2H%G,16,E16.8,2(8X,A83)
END
SLBROUTINE PLTMPC{MPIDsXsY¥+Z,JFRDOM,IDA,IDAP)

C e et e e o ot - e R
C WRITE MPC EQN FOR XNORMAL DOF FOR PLATE JOINT
c ,
DIMENSION DC{3),0CHM{3) . _ —_
EQUIVALENCE (DCI{1Y,A},IDC{Z),B)+(DCI3),C}
AL=SQRTIXF=®Z+YF=2+I5>=2}
A=X/XL
B=Y/XL
C=1/7X%L
R=
[=3 -
J=1
K=z
IF{B.LE.R)Y GO TO 8
R=8
I=2
J=1
K=3
8 IF{A.LE.R} GO 7O 10
R=A
i=1
J=2
K=3
10 CONTINUE
JFRODOM=10%J+K -
DO 12 M=1,3
12 DCH{MI==DC{M}
WRITEIS,7000) MPID,IDAP,E+DC(])sIDAS1,CCMI1),IDAP, _ __
X IDAP 2 IDAP J»DC{JY yIDAJ»DCHII)+ IDAP,
X IDAP, IDAP K DCIK)  IDALKLDCM{K)
TC00G FORMAT{ BHMPC 318:2118+18+F8.5),8Xy 3H+MR,IS_/
X JH+HR,LI5, 8X+2((84+184FB.51+48Xy 3HMS,I5 /
X AH#MS, 5, 8X42(I8,I8,F8.5) }
RETURN
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END
FE
//LKEDLSYSIN DO #
INCLULDE SYSLIB{HQRWZERO)
ENMTRY MAIN
OVERLAY A
INSERT RADJ
INSERT GRID
INSERT OMTC
CINSERT RLCD
INSERT BAR
INSERT CROD
INSERT PRCD
INSERT CBAR
INSERT PEAR
INSERT MAT1,CPLATE,PPLATE,PLATE
OVERLAY A
INSERT SEQGEN
INSERT CCCRD
INSERT STORE
OVERLAY B
INSERT BARJT
INSERT MPCGEN
OYERLAY B
INSERT RODJT
OVERLAY B
[NSERT PJ
//GB.FTO3FO0L CD DSN=ECBAR,DISP=(NEW,DELETE),UNIT=SYSDA,
/7 SPACE={80,(1200,50})
//GDLFTO4F001 DD DSN=EPBAR,DISP={NEW,DELETE},UNIT=SYSDA,
Y SPACE=180,(1200,50))
//GC.FTOOFQ0Y 0D DSN=G&BULK,DISP=(NEW,PASS, DELETE) ;UNIT=5YSDAy
/7 DCB={RECFM=FB,LRECL=80,BLKSIZE=8001,
/7 SPACE=(80,{3000,100}) o
FIGL.SYSUDUMP DO SYSOUT=A+SPACE=(TRK, {0,60),RLSE)
/7GO«SYSIN DD DSN=#*.MRG.GO.FTO1FO0L,UNIT=SYSDA,DISP=({0LD,0ELETE}
(7 EXEC PGM=IEBPTPCH,COND=EYEN
/7SYSPRINT ©D SYSQUT=A
//SYSUTL OC DSN=GEBULK,DISP={0LD,PASS}"
/75YSUT2 DD SYSCUT=A
/7SYSIN DO =
PRINT TYPCRG=PS,MAXFLOS=1,HAXL INE=55
RECORD FIELD={80)

/=
2134
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http:SPACE=B80,(1200.50

APPENDIX I1I
JOINT DAMPING PREDICTOR COMPUTER PROGRAM

Introduction
This program, written in FORTRAN IV, was developed to calcuiate individual joint
damping parameters necessary to provide prescribed modal damping in specific

flexible modes. The preprocessor computer program (Appendix I) separates joints
with similar damping properties into groups called dampipg sets. Elemental
damping matrix partitions are generated for each damping set using arbitrarily
specified damping parameters for each set whose damping parameters are unknown

a priori- The joint damping predictor (JDP) computer program ignores all. damping
not ‘input by the preprocessor. The user identifies the modes for which modal
damping is specified (at least one mode per damping set) and inputs the desired
modal damping for each mode. The JDP then calculates scale factors by which the
damping parameters for each damping set must be multiplied to obtain the desired
modal damping. If the damping is specified for more modes than the number of
damping sets, the JDP performs a least squares fit in the calculation of the scale
factors. The JDP requires gridpoint number 1 to be used in the structural model.
Details of the JDP caiculations are given in Section 2.2.

input Description

The input data required by the joint samping predictor (JDP) computer program consist
of punched cards and a NASTRAN restart tape. The NASTRAN tape contains the followinc
structural dynamic data in matrix format:

a. modal eigenvectors {gridpoint #1 must be in the model)

b. elemental damping matrix partitions-- one for each damping set.

The punched-card 1nput.requ1red for the JDP is as follows:

1. NUMB - format (1615)

NUMB = number of damping sets whose damping parameters are to be
determined.

2. IMPDE(I), I 1, LMPDES - format (16I5)
IM@ADE mode number for which modal damping is specified.

3. DAMP(I), I =1, LMODES - format (8F10.0)
DAMP(I)

1

specified modal viscous damping ratic (not including
material damping)
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It

1, LMODES - format (2F10.0)
generalized mass

4., XXM(I),XXF(I), I
XXM
XXF

(]

modal frequency (rad/sec)
(input modal parameters for each mode on separate card)

Qutput Descyription

The JDP prints out a scale factor for each damping set which, when multiplied

by the respective arbitrary joint damping parameter used for each set in the pre-
processor input, gives the desired modal viscous damping. The output also includes
the coupled modal viscous damping matrix for those modes used in the calculations.
The diagonal terms of this matrix are:

Ci5 = 285 04 M
where:
5; = modal yiscous damping ratio
w; = modal frequency (rad/sec)

n

modal generalized mass.
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Joint Damping Predictor Listing

DOUBLE PRECISION AA-ANAML.ANAM2 __ . ___
DIMENSTON NAR{%)
REAL*8 PVS5,5UBS

— DIMENSION SUBS( 91,PVYSL 9),IDUM(16),HODID(20),WM(201,A120)

DIMENSION S1(18031,5214000)+X(1)4IX{1}4BHH(20,20),01(20)
DIMENS[ON DUM(20,20),C5TR{20,20),8B(20}),0UM2(20,20}

_ .. DIMENSION DAMP{20Q) —

OIMENSION L12(100)4L11120}

DATA SUBS/ 5HBGGOO, S5HBGGOl, SHBGGOZ, SHBGGO3s SHBGGOA,

X__ —— JHBGGOS5 s SHBGGO6 s _5HBGGOTy. SHBGGOS /4
DATA PVS / 5HPVOC o+ SHPYOL » 5HPVOZ » S5HPVO3 4, S5HPVOL
X SHPVOS , SHPVO6 + S5HPVOT » SHPVOS /

___DATA ANAMLI/4HLAMA _/,__ ANAMZ2/4HPHIG /

COMMON/WARK/ XX([48Q00)
COFFON/NCUTU/S KKK

————— EQUIVALENCE (SI{1}XX{1)){S2(1)XX{2001)},(X{1}sIX{1},XX(14001))
X {(DUM{1,13,52(1)},1BB811),52(2001)),(DUM211,1)+52(2100})

iu=31
_— NBUF=1603

MAX XX=48000

INPUT NUMBER OF B-SUBSEIS

|
OO

REAG({S,9) NUMB
3 FCRMATI16I5 ) _ __

READ LIST OF MODES 7O USE

laRaNel

LMODES=0
8 REAG(5,9) IDUM
_ DC 15 I=1,16__ ..

IF{IDUM{I}.LE.Q) GO TO 16
LMODES=LMODES+1
- MCDIOD{LMODES)=IDUM(T).
15 CONTINUE
GG 70 8
16 CONTINUE

CALL ISORT{MODID,LMODES)
HODIO(LMODES+1)==1

INPLT DAMPING FACTORS

QOO

- REAC(S5+3) [DAMP(I),I=1.,LMODESY __ . . ...

3 FORMATIL 8F10.0 )
IF(IU.EQ.—&T789} GO TO 3960
— C

C READ GEN MASS AND FREQS FROM CARDS
¢
. __.DQ 3958 !=1,LMODES

READISy31 XXMeXXF
WM I Y=XXM*XXF
— 3958 CONTINUE

GG TC 22
39&£0 CONTINUE
c
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_22 CONTINUE

TTTIF(K.GELQ) GO YO 17

19 MOON=IXtJ])

_ 20 J=J+7

_GET LAMA TABLE FROM CHECKPOINT TAPE. FORM ARRAY OF _

" OMEGA*GENMASS IN WM

CALL NFETCH(NBUF+ANAML 2313092500, 1,51+TU,52,K41,2)

STOP 30
17 CONTINUE_

I=1+2500
J=2501
K=1

IF{MODNLNE.MODID(K)) GO TOQ 20
WMIK)=X (3431 =X14+5)

K=K+
[F{K.GT-LMODESY GO TO 22

[F{J.LT.1) GO 1O 19
sTop 31

COPY MODE SHAPES FROM CHECKPOINT TAPE TO UNIT KKX

s EuXuly

KKK=20
CALL NFETCHUNBUF s ANAMZ + X+ I+ J9T000,1551,1U,52+K+123)
_ IF(KeGE«0JGO_TO _25_

“'sTOP 32
25 REWIND KKK

"""PLACE THE MODES OF INTEREST ON UNITS 11, AND ALL MODES ON 12

K=1
LMTOT=0
LPHI =0
26 READ{KKK,END=30} AA:J:JJ:L

-

IF{L.EQ.0Q) GO TO 26
LPHI=MAXO(LPHI,L)
READ(KKK) (X{1},I=1,01)
IF{J.NE.MODIDIK]}) 6O TO 26
RRITE(L2) (X{I},1=1l,L}

_. LMTOT=LMTOT]L

L12(LMTOT =L
IF{J.NE.MCDID{K})GO TO 26
WRITE{11) (X{I)+I=1,L)

L11{K)=L, e ke - .
K=K+1
GG TO 26

30 CONTINUE
34 CONTINUE

READ PARTITION VECTOR FOR A-SUBSET (PVOQ), AND BUILD
ARRAY OF INODICES

Tu=32
REWIND KKK
CALL NFETCHINBUF,PVS{1)+XsT1+Jy7000,21451:iUs524Ks143)


http:IF{J.LT.I1

- IF{K.GE.Q) GO TO 40 _.. . __
STOP 34
40 CONTINUE

— . - REWIND KKK _—

READIKKKY AA,J, JJ'L

READI{KKKY (X{I)4I=1,L1})
—— - J=0

DO 44 K-le

IFIXIXK}.EC.O.) GO TO 44
—_—— e . dEJ+Y

IX(J)=K
44 CONTINUE
— . WRITE(644001) {IX{K)2K=1sd)

4001 FORMAT{ *CINDEX ARRAY, PVOQ* / {(10I3} }
J1=J+1
L=l

FORM MATRIX PRODUCT (PHIIT #* 8GGCO * PHI = BHH

[ ak2l

REWIND KKK
CALL NFETCHUINBUFE,SUBS{1),X{J1}sI+J,700050,51, IU'52:K'173!
e IF{Ka.LEL.O)_STOR_3%6

REWIND KKK
J2=J1+LMODES*L
—_ . CALL PHIMUL{11,KKKsXsisX0J1},X1J2},8HH,20,L11 ,LMODES}

FORM DI COLUMN

oo

DO 5C I=1,LMODES
50 DI{I)=2.#0AMP{)#UN{I) - BHH{I .}

FOR EACH B~SUBSET, CALCULATE  (PHIIT * BGGNN #* PHI
AND BUILD C-STAR MATRIX

B NNB=NUMB+1
D0 100 JJ=2,NN8

OO

PROCESS PARTITION VECTOR

OO0

. REWIND KKK
CALL NFETCHINBUF,PYS{JJYsXs10sJsT7000,0251,1Us520Ky 153}
IF(K.LE.O! STOP 38
REWIND KKK . -
READ{KKK) AAyJ,JQyL
READ(KKKY (X{I}41=1,L)

- J=0 e e e
D0 54 K=1.L
[FIX(K)1.EQ.0.) GO TO 54
J=J+l - .
IX(J1=K

54 CCONTINUE

J1=J+1 e e el
L=J

c FORM MATRIX PRODUCT (PHIIT * BGGNN * PHI
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100 CONTINUE

REWIND KKK
CALL NFETCH{NBUF,SUBS{JJ)X{ 1)
[FIK.LE.O) STQP 40

2143,7000,0,51,1U-52,K+143)

‘REWIND KKK
J2=J1+LMODES%L
L CALL PHIMUL(LL,KKK.XsL, x(JI}
b0 &0 I=1,LMODES
60 CSTREIWJJI-1I=DUMLI,I}

x{J2).DuUM, 20,111 ,LMODES)

CALCULATE B8 = [C-STARIT = DI

DOT108 =1, NUMB
BB({I}=0.
DG 108 K=1,LMODES

T 1087 BB I)=BB{I}+CSTR{K,L1*DI (K}

CALCULATE  DuM2 = (C-STARIT *

C-5TAR

OO0

D0 114 T=L,NUMB
B0 114 J=1,NUMB

T DUM2iI,4¥=0.
DG 112 K=1,LMODES
112 DUMZLT,J3=0UM2(1, J}+*CSTR{X [)1*C
114 CONTINUE
NAR(L)=NUNB
NAR{2)=1

STR(K, 1}

NAR{3)=0
NAR(4)=0

CALL LNGUL QQUOyDUHZ 'AQBB’DUP_‘-_, X_{_l_

00), 20,1.sNAR,X(10001)

THERE ARE NOW NUMS SCALE FACTORS IN A. FORM FINAL BHH BY

SUMMING THE MATRIX PRODUCTS FOR EACH SCALED SUBSET,

BHH = SUMMATIONC (PHI}T %= A(I)*BGGNN * PHI )

HERE PHI IS COMPLET SET OF MODE

WRIFE(H+124) (ALI),I=1,NUMB)
124 FORMATI( 2ZHLIDAMPING SCALE FACTO
LFTCTZ=LMTOT=LMTOT,

S OM UNIT 12

RS / 18E15.5})}

JOSLMTOT#LMTOT+1
[RWND=1
DC 130 I=1,LMTOT2 _ ___
130 X{[1=0.
DO 200 JJ=1,NNB

" PROCESS PARTITION VECTORS

_ REWIND KKK __
CALL NFETCH{NBUF ,PYSIJJ17X(J0) 1
IF{K.LE.0) STOP 42
[RWND=0
REWIND KKK
READ{KKK) AAyd,JQylL
READIKKKY {(X(JO+TI)41=1,L1)

’Jr70001 IRWND?S].‘ ZU,SZ,K.I'N

p THE
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J=J0-1

00 154 K=1l,.L
IF{X{JO+K).EQ.0.) GO TO 154

252

' Jed+l
IXt3i¥=K
154 CONTINUE
JI=Jel
L=J1-J¢
c ]
c FORM HMATRIX PRODUCT ({PHIIT * BGGNN * PHI . - e e
C
REWIND KKK
— o m .. .CALL NFETCH{NBUFSUBS{JJ),X{J13214J97000,0s5155U»S2eKyle3} N
IF{KaLELO} STOP 44
REWIND KKK
c. e i
C STORAGE ARRAY MAP
Cc NAME ADDRESS LENGTH
C - BHH__ X(.11 LMTOTHFLMTOT
c RC X{Jo} L
C SCRATCH X{JL) L&LMTOT -
C . SCRATCH __X{J2) L¥LPHI
C SCRATCH XtJy3) LMTOT#*LMTOT
C
— . J2=J1+LELHNTOT . —
J3=J2+L+LPHI
Je=J3+LMTOT+*LMTOT +46000
_— e . =Pl AL LELMAXX XY GO LTO.L165
HRITE(&s161) JasL.LMTAT,LPHI
161 FORMATI 25HICORE QVERFLOW. LENGTH =, l6, 9H REQUIRED /
— R - l6H LsLMTOT.LPHI =, 316 )
SIGP 46 .
165 CONTINUE
e e CALL PHIMUL{L2 KKK X (IO Lo X {dL) o X0 J2)2X0J3) LMTOT,L12, ,LMTOT) —
[F{JJ.GT.1l) GO TO 170
FAC=1l.
- GO TO 180 —— _ . e e e — -
170 FAC=ACJJ)-1)
180 CONTINUE
- DO 184 I[=1,LMTODT2 . . ... S —
184 X{[=X{1} + FAC®X{J43+[-1}
CALL BPRNTIX,LMTCT])
200 CONTINUE - -
RETURN
900 STCP 81
- - END .. .. -
SUBROUTINE PHIMULEIUPHIIUBsRCyLRC9XeZs8HH,I1BHH,LPHE .NHODES)
C
C FORM MATRIX PRODUCT {PHI}T * 8 % PHI__=_ BHH
c
c 1UPHLI ~ UNIT CONTAINING PHI
G Iug - LNIT CONTAINING 8 o e e e e e e em e —— —— e — e —— -
c RC - ROW/COLUMM INDICES FOR B SUBSET OF PHI
c LRC — LENGTH QF RC
C X ~ STORAGE FOR (PHIDT # B PART (LENGTH=LRC*NMODES?



GO

T8

18

22

——rer e

T T30 CONTINUE

32

60

80

c
C

a2

_ DOUBLE PRECISION AA_

36 _CONTINUE

z ~ SCRATCH o .
BHR  ~ PRODUCY RETURNED HERE

DIMENSION X{1),ZU1),BHH(IBHH, IBHH)
DIMENSION LPHI{L}

INTEGER RC{1}

FORM (PHIYYT = B IN X ({TRANSPOSE ACTUALLY STDRED)

REWIND T1UPHT
11=0
KP=0

KP=KP+1~
LPHE=LPH{ {KP)
READ({IUPHI,END=80) (Z(I],I=1,LPHE)

READ{IUB,END=60) AA,JsK,L
I1=I1+1 :
IF{L.GT.0) GG 70 22

X{{11=0.
GO TO 36
READ(IUB) {Z{LPHE+I),I=1,t)

A=O -
DO 30 I=1,.LRC
IF{I.GT.L) GO TO 32

J=RCTI)
IF{J.GT.LPHE} GO TO 30
A=A+Z(JI®Z{LPHE+T)

X{Ii=A

GO0 7O 18
CONTINUE
REWIND 1UB

G0 TO 8
CONTINUE
IF{11.NE.LRCXNHODES) STOP 51

REWIND IYPHI

COMPLETE NATRIX_MULTIPLY

J=0

KP=0 :
KP=KP+1
LPHE=LPHI(KP)

READIIUPHILEND=120) [Z{1),1=1,LPHE)

FENTS1
1t=0
DO 90 I1=1,NMQDES

BHH{I,J)=0a
DO B84 K=1.LRC
[[=11+¢1

KK=RC{K}
[F{KK.GT.LPHE) GO TO 8%
BHH(I+J) = BHH{L+J) + X{ITY®Z{KK)
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http:IF(L.GT.O3

84
50

120

CONTINUE

CONTINUE

GO TQ 82

CONTINUE

RETURN

END

SUBRCUTENE BPRNT({X,L)
DIMENSION X{L,L)}

WRITE{6491)

0Q 20 J=1,L

HRITE{&,48) Jy({XC(I,4Jd}y I=1,L)
FORMAY{ SHOMODE, 13 , 2X, 10E12.5 / [10X, 10El12.5 )}

QEPREDUSIBLLITY LY 11k

FORMAT( L17HLFINAL _BHH MATRIX _3 . _.
RETURN - .

END

SUBROUTINE PVYPRNTIAA+X.L}

REAL#*8 AA
DIMENSION X(L)
WRITE{6+2) AA ..

FORMAT{ 'OPARTITION VELTOR Y,
WRITE[ 6549} X
FORMATL _30F10.2 )

A8}

RETURN
END
SUBROUTINE NFETCHIMO;AA+ASsI+d2IDIMsIRHD+S5S+IUS52,ISUC,IPREC,KIND]

254

c PVECO815
€ ROUTINE TO READ MATRIX FROM MASTRAN SAVE TAPE - PVECOB 16
- C HO — NASTRAN BUFFSIZE USED TO GENERATE TAPE . _ PVECOBLY
c AA — FILE NAME OF MATRIX PYELOS18
C AS - MATRIX (OR TABLE! RETURNED HERE PYECDS 19
c I+d = MATRIX SIZE (RETURNED) - - PVECD8 20
C IBIM - DIMENSION DF AS ARRAY PVECOS82Z]1
c [RWD - IF =1, REWIND TAPE BEFORE SEARCH BEGINS PVECDO822
— - L =Q, DO NOT REPOSITION TAPE BEFORE. SEARCH _ ._PYECQ823
c S5 = SCRATCH ARRAY OF LENGTH MO . PVELODB24
C U — FORTRAN UNIT CONTAENING TAPE PVECQ82S
—_—-- C S2 ~ _SCRATCH ARRAY QOF LENGTH_ __2%*IiDIM¥MOQ _ ___ __ __ PYECOBZ26
c ISUC — IF SUCCESS,RETURNED =1 IF FAILURE,RETURNED =-1 PVECQE27
€ IPREC = IF =1+ RETURN 5.P. RESULTS, IF =24 RETURN D«Ps PYECCBZ2S
-.——- € KIND - IF =1, READ FILE.AS.MATRIX PYECOBZ9.. . _.
c =2, READ FILE AS TABLE, STORE EACH RECORD AS A COLUMN PYECGB30
c OF MATRIX AS {IDIM.CGE.LONGEST RECORD OF TABLE! PYECOB3L -
- c =3, READ FILE AS MATRIXs WRITE FULL_ COLUMNS ON UNIT_I10UT, PVEC0832
c DO NOT RETURN MATRIX TN AS, USE COL 1 OF AS FOR WORK PVECDB33
C =4, READ FILE AS A TABLE, WRITE EACH RECORD ON UNIT IDUT PVECOB34
C DO NOT. RETURN_TABLE _IN AS,. YSE_AS FOR_WORK PYECOB 35
C PYECOB835%
COMMON/NOUTU/TIOUT
e COMMON/ XXUNPA /_ LSP PVECO838_____
INTEGER AA{2)+AS{IDIMs1)+SS{1},52({1}-COLEND PVECDS8 39
DATA [EOF/*EQF */,1END/'ENDD'/,COLEND/ZOOFFFFFF/ PYECOB40
—— e em —DATA K1/4/. _IPRNT1/&A. . ITRLR/ZZQQQLGOQQL e e
INTEGER#2 KKO{2},KK2 . PVECDB41
EQUIVALENCE (KKK,XKKOQ[1}),{KK2,KKO{2}} PVYECD842
Ml=MO-3 PYECD843


http:AIOEIO.L2
http:WRITE(6.22

MEND=M1~2 ) e PYECDBA44
IF(IRWD.EQ.OIGO TG 22 PVECO84S
REWIND IU PVECOB 46
20 CONTINVE . PVECO84T
CALL RXISSOL),Mi,IU,L1) PVECO848
Kl=4
} IF{I1.LT.0}GO_TO_960 o PYECO849
22 CONTINUE PVECOBSO
NBLOCK=551{1} PVECDSS1
30 CONTINUE . o e _ PVECD853
LL=SS (KL} PVECO854
L=LL/4% PVECOS8SS
[F{L.EQ.Q) GO TOQ 9060 ) N PYECDB56
T IF{L.NE.2)GO TQ 38 o e T " PVECDSST
C ENCCOUNTERED FILE NAME~——COMPARE WITH AA PYECO0858
WRITE{IPRNTL,1}SS{K1#1),8S8{KL®2} _ PVECDBS9
I FORMAT{ ‘'OFDUND FILE ', 2A4 ) PVECDB&0O
38 CONTINUYE PYECOBS]
IF{SS(KL+11.NELAA(L)}IGO TO 40 i o PVECO842
C POSSIBILITY OF NAME BEING CONTINUED TO NEXT BLOCK PVECDBS3
IFIL.NE.1) GO TO 39 PVECOBGH
IF(K1l.NE. (MEND-1)) GC TO 39 __ PVECO0BS&S
C INPUT NEXT BLOCK PVECDBSS
CALL RX{SS{L} M1,IUu,I1) PVECO86T
IF({11.LT.0)1GO TO 960 PYECOS&B
NBLOCK=SS{1)
Kl=4 PVECO869
LL=55(4} . . PVECO8T0
L=ti/a PYECOSTL
IE{L +EQ.0} GO TO 900 PVECO8T2
IF{SSIKL+11.EQ.AA(Z2}) GO TO &0 o PYECOSBT73
G0 TO 40 . PVECOBT74
35 CONTINUE PVECO8TS
IF{SSIKL+2).EQ.AA(2))G0 TO 60 PYECOBTS _
40 CONTINUE PYECOBTTY
IF{LL.NELIEOFIGO TGO 46 PVECOS78
WRITEIIPRNTL,2} . ) e _ . PVECDS879
2 FCRMATL *0%% EOF =%t ) PVECOB80
Kl=K 1+l PVECDS81
GO TO 48 _ o . PVEC0882 . .
46 CONTINUE PVECD8S83
IF(LL.EQ.IENDIGO TG 20 PYECD834
C SKIP QVER LOGICAL RECORD L o PVECODSES8S
47 CONTINUE PVEC088S
Kl=K1l+L+2 PVECD8ST
48 __ CONTINUE_ PVECO888
IF(K1.LT.MENDIGO TO 30 - PVECO889
€ CHECKX POSSIBILITY OF UNUSED WORDS AT END OF BLOCK PVECO290
_ _ DO 50 IL=Kl,M1 __ ) _ L PVECOB91 _
L3SSL{IT) PVECO8G2
[FIL.EQ.IEDF) WRITE(IPRNT1,2) :
IFIL.EQ.IEND)} GO TO_ 20 e PVECO894.
50 COMTINUE PVEC0895
GO TO 20 PVECD89S
60 CONTINUE PVECGRIT
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http:IF(KI.NE

[F{L.GT.0) GO TO 62
Kl=K1+1
82 Kl=X1l+l
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£ ; ; .PVECO898
C* FOUND REQULESTED FILE PVECOB99
C PYECO900
WRITE{IPRNTL#31 AA«NBLOCK . . . e e e s
3 FORMAT! 'QBEGIN PROCESSING FILE ', 2A4, ' BLOCK NOa =', I4 }
I=0 PYECO9023
J=0 - e e e e e e e e e e e PYECO904
Kl=K1+L+2 PYECO90G5
TF{K1.LT.MENDIGD TO 561 PVEC09056
CALL RX{SS{1Y,ML,IUsII) PYECO9GT___
IF{II.LT4CIGO TO 960 PVECDS08
Ki=4 PVEC(O909
.. &1 CONTINUE_ PVYECO910__
L=5SL{KL) PYEC0911
IF(L.EQ.IEDFYGO TO 200 PVEC0912
— . L=Lt& — _ PVECO913
GC TC (62,200,62,200}, KIND PVECO9L4
52 CONTINUE PVECO915
_C . . _PYECOQYs . ..
C* PROCESS FILE AS PACKED MATRIX PVECQOLY
c CHECK FOR MATRIX TRAILER AND CHECK TO
_C_._ . SKIP OVER. 4~WORD_PREAMBLE_OF PLOT.VECTORS {BaGe _PPHIG) - -
c PYECO91B
IF{SSIK1I+2).GELITRLR) GO TO 100
IFILaGELE JAND. IABS{SS{KL+4})JLT.COLEND) Kl=RL+& __ . . _ . ... : .
KK=1 PYECO919
64 CONTINUE PVEC0920
Kl=K1l+l e e e e e e v e e e s e e e — PYECO921
L=L-1 PVEC0922
JJ=55{K1} el e i PYECO924
IF1JJ.EQ«CDOLEND)GD TO TO PYECO925
C STORE TERM IN SCRATCH PVECDS26
S2HKKI=JIS .. o e e e PYECDS27
KK=KK+1 PYECO928
GC TC &4 PYEC0929
70 CONTINUE _ e . e . . PYEC0930
S2{KK1=COLEND PYECH931
J=J+1 . PVECD932
IF{KINDaEQa3IGO TO T& . o o o e e ot e — e wmeee_ PVYEC0933
C UNPACK COLUMN J, STORE IN AS PYECOG34
CALL XAUNP{ASI1+d), 32(1).M I0DIM, IPRECH PYEC0935S
IF{M.GTal)I =M e e . o .. . PVYECDI924
GO TCO 80
74 CONTINUE ) PVECO938
. C UNPACK COLUMN J, GUTPUT ON UMNIT_I1QUT PVECOS3Y
CALL XXUNP{AST1ls1)¢52(1)+M,IDIM,IPREC) PVECD940
IF{MeGTl) =M PYEC0941
WRITE(IOUT) AA,2,1PRECWHM PYECDS42 __ __
IFILSP.EQ.CGIGO TO 80
WRITE(IOUT) (AS{N,11¢N=1,LSP) PYECO944
80 CONTINUE — . PYECO946 _ _


http:PVEC09.42
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) . L=5SIKI1} - _ L o PVEC0948
IF(L.EQ.IECFIGO TO 100 PVECD 949
L=L/4 PYECO950
_ IF(K1.LT.MEND) GO TO 62 N B
C INPUT NEXT BLOCK PYECO952
CALL RX{SS(1),M1,1U,I1) PVECD9S3
IF(11.LT.0}GO_TO 960 PVEC09S4
K1=4 . PVECO955
L=5S(K1) /4 PVEC0956
____GO TO_64
106 CONT INUE ; PVECOSSE
C GET ROW SIZE FROM MATRIX TRAILER . PVEC0959
KKK=S2(1) PVECO960
T=KKZ PVECO96L
GQ TO- 800 PYEC0962
— .. 200 CONTINUE PVEC0263
¢ PYECO964
c* PROCESS FILE AS TABLE PVEC0O965
C_ PYEC0946
J=3+1 PVECOS6T
M=J PYECO968
_ IFUKIND.EQ.%)M=1 PVEC0969 . _
KK=0 PVEC0970
202 CONTINUE PVECOOTL
_ Kl=Klel PVECOST2_
L=L-1 _ PVEC0973
IF{LLT«01G0 TO 220 PVECO9T4
. KK=KK+1 L L i .. ... PVEC097S
IF{IDIM.LT.KKY GG Ta 940 MAY31 73
AS{KK,M)=5S{K1) PYECO9TE
) GO 7O 202 L o PYECO9TT
22¢ CONTINUE PVECO0978
JJ=SSIK1) PVECO979
i TF{KK.GT+ ) T=KK . PVEC0980
KL=K1+l . SVEC098L
L=SSIK1) PYEC0982
TF{L.EQ.IEOFIGO TO 250 ] PVECO983
L=L/% PVEC0984
TF{KY.LT<HENDIGO TO 230 PVECO985
CALL RX{SS{1)+M151Uy11) L ) PVEC0986
IF(11.LT.0)GO TO 960 PVEC098T
Kl=4 PVEC0988
N L=5S(K1) /% ... pPVECD98B9
€ CHECK TF LAST RECORD WAS CONTINUED PVECO990
11=MOD(JJ,2) _ PVECO991L
L IF(11.NE-0)GO,TO 202 PYECO992
230 CONTINUE PYEC0993
IF{KINDSEC.21G0 TO 200 PVEC0994
L WRITE{IOUT) AA,J,KK PVEC0995
WRITELIOUT) tAS{IT1,1Y, I1=1,KK} PVEC0996
GG TC 200 PVEC0997
.. 250 CONTINUE _PVEC0998____
IF{KIND.EQ.2)G0 TQ 800 PVECO999
WRITELLOUT) AA,J,KK PVECLCCO
WRITECTOUT) (AS{Ti41), [I=1,KK} PYEC1001



cc

aNaNaNe

800 CONTINUE e e PVEC1002
WRITELIPRNTL.4) PYECLOCS
4 FORMAT( *OFINISHED PROCESSING® ) PVECLGO%
GO TO 999 e e e e PVECLO0G0S
300 CCNTINUE PVECIOCH
WRITE{IPRNTL,5} PVECLOO7T
HRITE{IPRINT,5} IU e MAY29 73 _
5 FORNMAT!{ t0%% END OF CATA ON TAPE %t ) PVEC1008
S FORMATL *0O#%* END OF DATA ON TAPE #* UNIT=',1I3 )} MAYZ29 73
GQ 1O 996 . ___ PYECLOOG__
40 CONTINUE MAY3L 73
WRITELIPRINT.7Y AA,IU,IDIM MAY31 73
——e . FORMAT{., *O%%_SCRATCH_SPACE_REQUIRED_BY_XFETCH TG PROCESS ' 42A4, MAY3L _73__
X ' ON TAPE UNIT',I3,' IS GREATER THAN *,110,'WORDS* ) MAY3l 73
GO TO 938 MAY31L 73
.-60LCAONTINUE _ PYECLOLO. ..
WRITE{IPRNT1,6) PVECLOLL
HRITE{IPRINT+6} 11U MAY29 73
. CL _ & FORMAT( *0*x PHYSICAL_ _END_OF FILE %%t ) PVYECIOl2___
& FORMAT{ 10%% PHYSICAL END OF FILE #%* UNIT=3,13 } MAYZ29 73
996 CONTINUE PVEC1013
- ISUCE=) PYECLO14
RETURN PVECLOLS
999 CCNTINUE PVECLIO1S
ISUC=1 e . __ . PVYEC101l7_ _
RETURN PYECLO18
END PVECIOLY
SUBROUTINE RX{A+KsIU,EI) PVYECLO20
DIMENSION A(K) PYECLOZY
I[1=1 PVEC1022
READ{IUs14END=9) A _ _. e e e . PYEC1023
1 FORMAT! 1G13Q0A%)) PVEC1024
RETURN PVEC1025
9 I]l=-=1 . L PVECiQ25
RETURN PVEC1027
END _ PVEC1028
SUBROUTINE XXUNP(G,35:LCs IMAXIPRECY ___ . .. e i _ PVECLO29 _
PVECLO30
ROUTINE TO UNPACK NASTRAN COLUMN IN S AND PLACE INC PVECL031
ACCUMULATE LC AS MAX LENGTH_OF COLUMMN _._ PVECLO32
PVEC1033
DIMENSION Cl1}45(1} PVECLO34
INTEGER (.S L - . PVECL1Q35
DATA [END/ Z0OFFFFFF / PVEC1036
COMMON/ XXUNPA / LSP PVECLO3T
LSp=0 o L . e PYECL1038 _
LC=0 PVEC1039
DO 20 I=1,IMAX PYECLDAO
20 C(I)=0 ; L _ N . PYECL04l
IF(S(1).EQ.IENDIGD TQ 96 PVEC1042
IR=IPREC+2%5(2)-2 PVECL043
1F{IB.GT.4)GO TO 100 . PYECIO44
GC TC (22423424,25), 1B PVECLO45
5.P. TO S.P. PVEC1046
22 K1=1 PVEC1047
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) K2=1 3 e L PVEClOa&B
GO TO 28 PVEC1049
o S.P. TO D.P. PVEC1050
23 Kl=1 L _PVEC1051
K2=2 PYECL0S52
GO TC 28 PVECLOS53
€. DuP. TO $aPa . .  PVEC1054
24 K1=2 : PVEC1055
K2=1 PVEC1056
6O TO 28 PVECLO57 __
c D.P. TO D.P. PVECLOS8
25 K1=2 PVEC1059
K2=2 PVEC1060
28 CONTINUE PVECTO61
II=(S{1}=1)%K2+1 - PYECLO62
__I=6=KL PVEC1063
30 CONTINUE PYEC1064
I=[+K1 PVECLO65
32 CONTINUE PVEC1066
J=SL1) - PVEC1047
IF(J.EQ.TENDIGO TO 90 PVEC1068
 TFlJ.LE.OIGD TO 40 PVEC1069
[F{J.GT.IEND}GO TO 40 PYEC1070
TI={J-113K2+1 PVEC1071
. 1=1+1 PVEC1072 . __
GO TQ 32 PYECL073
40 CONTINUE PYECLO74
L CLII}=d . PVECLOTS
[FLI8.LT.41C0 TG 50 PVECL0T6
IF(18.NE.41G0 TO 42 PVEC1077
. ClII+1)=S(I+L) PVEC1078
GO TO SO PVEC1079
42 CONTINUE PVEC1080
. GO TO 144+45,46447), 188 PYECLOS1
44 CUIT+1)=S1T+1) PVEC1082
Go TO 50 PVECI083
B 45 C(IT+2}=S{I+1) e PVEC1084
GO0 T3 50 PYECLO8S
46 CUII+1)=S(1+2) PVEC1086
— G0 TO 50 PVECIOST___
47 CLII+1)=S(I+L) PVEC1088
CLII+2)=S{1+2) PYEC1089
. - ClII+3)=S{I+43) _ . PYECL090
50 CONTINUE PVECLO91
[1=11+K2 PVEC1092
. G0 TO 30 . _____ PYEC1093
90 CONTINUE PVEC1094
LSP=T1-1 PVEC1055
LC=L SP/K2 ) _ L PVECL096
96 CONTINUE PYECL097
RETURN PVEC1098
1C0 [2B=18~4 . PVEC1099
GO TO (122,123,124,125), PYECL100
c CCMPLEX S.P. TO S.P. PVECL101
122 K1=2 PVECLL1C2
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K2=2 PVEC1103
GO TO 28 PVECL1GC4
C COMPLEX S.P. TO D.P. PVEC1105
123 K1=2 PVECL106
K2=4 . PVEC1107
GO TO 28 PVECL1108
C COMPLEX D.Pe TO SePs PVECL1109
124 Kl=4 PVECL110"
K2=2 PVECL111
_ GO TQ 28.... PVECL112
c COMPLEX D.P. TO D.P. PVECL113
125 Kil=4 PVEC1114
_— . K2=4 — _ e PVECL11S __ _
G TO 28 PYEC1116
END PVECL1L7
r= - —_— o )
J/LKED.A DD DOSN=NASTRANLFETCH,0[SP=SHR,UNIT=2314,VOL=SER=NASTRA
/JLKED.SYSIN DD *
e INCLUDE_A{NFETCH)
L]
//GO.FT31F00L DD UNIT=2400-3,V0L=SER=091559+DSN=NEHPROB,
4/ __ LABEL={44,IN),DISP=(0LD,KEEP),DCB=(RECFM=U,LRECL=6400.)
//G0.FT32F001 DO UNIT=2400-3,VOL=SER=016814,DSN=NEWPROS,
/7 LABEL={,y,IN},DISP=(0LD,KEEP),DCB={ RECFM=U, LRECL=6400)
—— //GO.FTLIFCOL DD UNIT=SYSDA,SPACE={3208,(40+401),
ts DCB={RECFM=VBS,LRECL=400,BLKSIZE=1604)
//GOFTI2F001 DG UNIT=SYSDA,SPACE={32084+(80,40}),
/7 DCB=(RECFM=YBS,LRECL=400,BLKS[ZE=1604) . _ __ - .
//GO.FTZOFCO! DD UNIT=SYSDA,SPACE=(3208,{80,40}),
t7 DCB={RECFM=VBS,LRECL=4G0,BLKSIZE=1604)
__ .. //GC.SYSUDUMP DO SYSODUT=A . — -
//GD.SYSIN DD # .
5
S 4 5 34  36_.37 e
£.0105 0.0083 0.0100 0.0096 0.0060
5.188973 37.60782
ee 12.82131 37.86710._ . _..
4,176762 31.68718
15.53610 40.49898
- 8.626393 53.21353 _ e -
I%
//
-—. [/¥EDF ot —— e - — e e e
Q70!
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APPENDIX III
POSTPROCESSOR COMPUTER PROGRAM

Introduction

This program, written in Fortran IV, was developed to provide a rational
means of selecting critical modes for low-frequehcy control-system studies,
for higher-frequency vibration analyses, and for POGO stability and dynamic
loads analyses. Mode selection for these various requirements is accomp-
1ished by six options. Mode selection for control-system studies may be
accomplished in Option 1 with calculated rate and position coefficients for
gyro sensors and/or position coefficients for an optical sensor. Mode
selection for vibration analyses may be accomplished in Option 2 with
calculated peak image motions due to sinusoidal excitation or root-mean-
square (RMS) image motions due to random power-spectral density {PSD)
excitation. Option 3 includes both of these sets of calculations. The
calculations of Options 1-3 are performed using uncoupied normal modes.

The computer program therefore inciudes a provision for approximately
assessing the effects of a coupled modal visceous damping matrix in Options
1-3 and for using the coupled damping matrix directly in mode selection by
admittance techniques (Options 4-6). The program also includes a provision
for converting the dimensional units of the NASTRAN modal data on the
restart tape. The general logic flow -of the postprocessor computer program
is shown in Fiqure III-1.

The program js limited to a maximum of 100 gridpoints of interest and of

300 eigenvectors taken from the NASTRAN restart tape. A maximum of 20

pairs of numbers may be used to define the ranges of eigenvectors of interest
for selection from the NASTRAN tape. A maximum of 20 gridpoints (120

degrees of freedom) may be used to define the optical amplification matrix.
There are no limitations to the number of rate (gyro), position (gyro), and
position {optical) gain coefficients which may be calculated in Options 1

or 3. A maximum of 20 gridpoints (120 degrees of freedom) may .be loaded by
sinusoidal or random( PSD) loads in Options 2 or 3. The input Toad PSD is

defined with frequency in Hz.
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Input Description

The input data required by the postprocessor consist of punched cards and a

NASTRAN restart tape. The NASTRAN tape contains the following structural
dynamic data in matrix format:

a modal frequencies in radians per second
b. eigenvectors

C generalized masses

d generalized modal viscous damping terms.

The NASTRAN run which generates the modal data must include one or more
discrete viscous damping elements and sufficient DMAP instructions to
calculate and output the coupled generalized damping matrix. The necessary

DMAP ALTER statements are included in the EXECUTIVE CONTROL deck as shown
previously in Appendix I, Table I-1.

The punched-card input required for the postprocessor is prepared in Tourteen
distinct data sets as follows:

1. Overall problem control card. Format (2110, 3F10.0)

A. NOPT

1

1, perform Tow-frequency control-system caiculations

it

2, perform higher-frequency fine-stabilization
caicuiations

i

3, perform both of abcvé calculations

= 4, ‘calculate displacement admittances

i

5, calcuiate velocity admittances

]

6, calculate both displacement and velocity admit-
tances

i

B. NPPLOT G, generate plots

1, do not generate plots
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€. NCONV

!

0, no conversion of units

= 1, convert from inch-slinch-second to foot-slug
second

= 2, convert from inch-slinch-second to meter-

kilogram-second
= 3, convert from foot-slug-second to meter-

kilogram-second

D. DFAC: Multiplying factor for modifying the damping matrix
obtained from the NASTRAN restart tape.

E. ALF1: Damping magnitude ratio for potential modal velocity
coupling (typical value is 0.01).

F. ALF2: Frequency factor for potential modal velocity coupling
' (typical value is 10.0).

G. SYM 0, complete structural model
1, half-model described by symmetric and anti-

symmetric modes

A list of gridpoint ID's used to select the row subset of the [¢]
matrix of eigenvectors on the NASTRAN tape. Only the rows correspond-
ing to the six degrees of freedom for each of the gridpoints of this
list will be retained by the postprocessor. A1l other rows of [4]

are discarded to save core siorage. Note that every gridpoint of
interest and used in subsequent data sets must be given in this 1ist.
Format (8I 10 until a blank field is encountered. If a row ID occurs
in column 80 of a card, a blank card must follow).

A set of data used to select the column subset of eigenvectors from
the [¢] matrix from the NASTRAN tape. Columns are selected by giving
pairs of numbers which indicate either a range of mode numbers or a
range of frequency values. ‘
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Note:

A. Control parameters: IMODE, LMODES. Format (2I10). If IMODE is
input as 1, pairs of mode numbers must be given. If IMODE is
input as 2, frequencies in radians per second must be given.
LMODES is the number of pairs of values to be input.

B. Pairs of numbers to select columns-from the [¢] matrix. Format
(2110 or ]F10.0 depending upon the value of IMODE).

Mode number, frequency, and generalized mass for each mode selected
for the analysis. Format (2{I10, F10.0, F10.0) until a blank field
is encountered). This data set is required oniy if SYM = 1.

A set of user-supplied damping coefficients for adding modal viscous
damping terms to the damping matrix obtained from the NASTRAN restart
tape. Four terms per card are input giving mode number (i) and damping
value (Ci = Ci/Cc) for each mode. The term Ci = 2§i,mi Mi‘is calculated
automatically and added to the diagonal of the modal damping matrix.

IT no user-supplied damping is desired, insert a blank card., Format
(4(110, F10.0) until a blank field is encountered).

A set of gridpoint ID's denoting degrees of freedom for calculating a
generalized damping force (Fk) used in assessing the degree of modal
velocity coupling. Six degrees of freedom per gridpoint are assumed.

. m
Fk = 2: ]ﬁk ] m = number of degrees of freedom,
=} .

-~
i1

mode number

Format (8110 until a blank field is encountered}.

If NOPT input on the first control card is 4, 5, or 6, the next
input is described under data set 12. Otherwise, data sets 7 through
11 are used. -
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The optical amplification matrix (BO) input by rows.

A. List of gridpoint ID's jdentifying the columns of the matrix.
Six degrees of freedom per gridpoint are assumed. Format (8110
until a blank field is encountered).

B. The three rows of the matrix. The units for the optical amplifi-
cation matrix must agree with the output system of units specified
by NCONV on the first control card. Each row must begin a new
card. Format (8F10.0).

If NOPT input on the first control card is 2 or 3, applied load data
is read next. This data is used to form geheralized forces for calcu-
lating image motions due to sinusoidal or random (PSD) excitations.

A. List of gridpoint ID's that are loaded. Format (8I10 until a
blank field is encountered).

B. Length of force vs. freguency tables and type indicator. Input
type = 0 for sinusoidal Joads and type = 1 for PSD loads. Format
(2110).

C. Table of frequencies in radians per second, table of forces, and
table of torques. Each table must begin & new card. The units
for the force and torque tables must agree with the output system
of units specified by NCONY on the first control card. The PSD
is defined with frequency in Hz. Format (8F16.0).

If NOPT is 1 or 3, two tabies of importance factors as functions of
frequency are read next. The table of rate factors is input Tirst
followed by the table of position factors. These factors are

multiplied by the calculated rate and/or position gains to account
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10.

for the frequency-dependent characteristics of the control system.
A blank card for this data set results in factors of unity at all
frequencies.

A. Table lengths, NR and NP. NR is the number of pairs of rate
factors and frequencies to be input while NP is the number of
pairs of position factors and frequencies.

B. Table of rate factors. NR pairs of frequency/rate factors are
read (Format 8F10.0).

C. Table of position factors. WP pairs of frequency/position factors
are read (Format 8F10.0).

If NOPT input on the first control card is 1 or 3, groups of 4 integers
are read next. These integers indicate freedoms for which rate coeffi-
cients are calculated. . Yalues for M1, M2, M3, and M4 are input. If

no rate coefficients are desired, insert a blank card. If M2=M4=0,
then rate coefficient R(Mi, M3) is calculated. Otherwise the following
rate coefficients are calculated:

R(MI, M3), R(MI, M3+1), R(M1, M3+2), """, R{MI; M4)
R(MI1+1, M3), R(MI+1, M3+1), ", R(MI+1, M4)

R(M2, M3}, R{(M2, M3+1}, "=, R(M2, M4)

Groups of M1, M2, M3, M4 are read in the 4110 format until a blank
card is encountered.
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T1i. In NOPT input on the first control card is 1 or 3, groups of 4 integers
are again read. These integers indicate freedoms for which position
coefficients are calculated. Values for M1, M2, M3 and M4 are input.
If no position coefficients are desired, insert a blank card. The
following calculations are made, depending upon the combination of
non-zero values for M1, M2, M3 and M4.

A. M2=M4=0, M1 and M3 nonzero. Position coefficient P(M1, M3) is
calculated.

B. Mi, M2, M3, and M4 nonzero. The following position coefficients
are calculated:

P(MT, M3), P(MI, M3+1), “**, P(MI, M4)
P(MI+1, M3), P(MI+1, M3+1), *°°, P(MI+1, M4)

P(M2, M3), P(M2, M3+1), ", P(M2, M4)

C. M2=M3=M4=0, M1 nonzero. The position coefficient using optical
sensors P{M1, ) is calculated.

D. M3=M4=0, M1 and M2 nonzero. The Tollowing position coefficients
using optical sensors are calculated:

P(M1, ), P(MI+1, ), "**, P{(M2, )

Format {4I70 until a biank card is encountered).

Note: If NOPT input is 1, 2, or 3, the input is now complete. For values
of NOPT of 4, 5, or 6, the following input is read next.
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12.

13.

14,

15.

If NOPT is 4 or 6, pairs of freedoms for displacement and accelera-
tion admittances are input next. The ordering for each pair of
freedoms is response freedom followed by the input freedom, Format
(8I10 until a blank field is encountered).

If NOPT is 5 or 6, pairs of freedoms for velocity admittances are-
input next. The order for each pair is response freedom Tollowed by
the input freedom. Format (8IT0 until a blank field is encountered).

GAMMA 1 and GAMMA 2 are read next. GAMMA 1 is the damping magnitude
ratio for potential modal velocity coupliing equivalent to ALF2 in
Options 1-3. GAMMA 2 is the frequency factor for potential modal
velocity coupling equivalent to ALF2 in Options 1-3. If GAMMA 1 and
GAMMA 2 are zero, all modes selected by card set 3 will be used in
the admittance calculations. Format (2F10.0)

A Tist of analysis frequencies in radians per second are read next.
Format (8F10.0 until a blank field is read).
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Table 111-1: DHMAP ALTER Statements for

Damping Matrix Formulation

NASTRAN EXECUTIVE CONTROL DECK
0 EeTyMEDES—}
BPP  DISPLACEMENT
soL 3,0
e CHY PN TV ES
TIME 30 : _ -

ALTFR 28,29
e S A P G T e 1 DT BB T L B LT BTG Sy BO Gy Yoy BFR AT S T B S Ay REH S8 Yo Moy NEEG Grfmmeim——
VY COUPYASS/Y W Y CBEBAR/V Y s LPRCO/Y WV CPQUADI/V .Y CPOUADE/ Y,
YyCPTOIAL/V, Y, CRTRILZ/V,Y CPTURES/V,Y ,CFQOPLT/V,Y,CPTRPLTAV,
Ny EPTR B GE—t
SAVE  MDMGGLMNIBGG $
ALTER 74 .
M ETAPR—F Py S ST S P et b A Ay A S
MATGPR FPL,USET4SIL,FGG//CoN,GS
LLTEF  9a& - -
e MR E D P G5 B S L e T A N A o R —5
MDYAL XX 4PHIG ¢ /REH/Colay0/C Ny 1/7C, N0
CHKPMNT BHH $

I dooTe D Ik [-PEYRI Py
RTTTINGY - e I ' ' e -

ENDALTER
CEND
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OO0 0O0O0000000

Postprocessor Listing

101

5001

KKK

DOUBLE PRECISION Al,A2,A3,A%,AA

DATA Als B8HBHH '

DATA A2r7 BHLAMA /s

DATA A3r B8HPHIG 7/

DATA Ad4rs BHEQEXIN /

DIMENSION PLOTID(12) .
DATA PLOTID/ 'HGEB®','21/ ','H.WN,",'ICE/","87-A",72 Ty 6% F
DIMENSION IDFREQ(300),FREQC(300),GMASS(300),XX{(430003,DAMP(300)
DIMENSION FK(3003

DIMENSION KHODES(20,2),XHODES(20,2)

DIMENSION S1(1803),52(4000),2(4000), KGRID(lUO 2),KDUML8Y,IZ(1)
DIMENSION IDBR(20),IDBRX(20)

DIMENSION IDFF(20)

INTEGER, SYH

EQUIVALENCE (Z(1),IZ2(1),XX{120013), (KMODES(1,1),XMADES(1,1))
EQUIVALENCE (XX (1),51(1))3,{XX(2001),52(1))
COMMON/NOUTYY KKK

COMMON/SYSCTL/ NOPT,NOPLOT,KINDF,SYM
COMMON/XSPECS/ SS(753,BB(128)

COMMON/WARK /XX

COMMON/FACTOR/DFAG,ALF1,ALF2

DIMEMSION ISS¢1)

EQUIVALENCE (ISS(1),SS(11})

NBUF=1403

READ(S5,1013 NOPT,NOPLOT,NCONV,DFAC,ALF1,ALF2,SYH
FORMAT( 3I10,3F10.0,110 )

FORMAT( 8I10 )

FORMAT( 8F10.0 )

IF NOPT=1, PERFORM LUN—FREQUENCY CONTROL CALCULATIONS

=23
=3y
=G,
=5,
=6y

PERFORM HI-FREG FINE STABILIZATION CALCS
DO BOTH

CALCULATE DISPLACEMENT ADMITTANCE
CALCULATE VELOCITY ADMITTANCE

CALCULATE BOTH ADMITTAMNCES

IF NOPLOT=1, DO NOT PRODUCE PLOTS
=0, PRODUCE PLOTS
IF NCONV=0, DO NOT CONVERT UNITS FOR PHI,MASS,DAMPING
=1, CONVERT I-5-% TO F-5-~§S
=2, CONVERT I-S5-5 T8 #H-K-S
=3, CONVERT F-8%-%5 TO0 W-K-§

WRITE (46,5001 NOPT,NOPLOT,NCONV.,DFAC,ALF1,ALF2,5YH
FORMAT(

12X, @8HOPTION =, Il3 /
13X, 8HNOPLOT =, Il3 -
13X, 8H NCONV =, I13 7
13X, 8H ©DBDrAC =, ELl3.5r
13X, 8H ALFl =, E13.5/
13X, 8H ALF2 =, El3.5/

271

42HINASTRAN ROST PROCESSOR FOR MODE SELECTION ~» 1X - 1HO,

REFRGDUGEBILITY OF THE
ORIGHIAL PAGE IS PeOR



s ReNy!

OO0

3001

3002

[0}

3006

3008

3010

3012

ig

X 13X, 8H sYH =, I13 )
IF(NOPLOT.BT.0) GO TG 3

INITIALIZE FOR PLOTTING

DO 3091 I=1,75

S5(I)=0.

DO 3002 I=1l,126

BB(I)=0.

CALL STSPEC(SS,PLOTID?
CALL SC420N(S53)

COMTINUE

Fl=1.

Fz2=1l.

IF(MNCONV-1) 3012,3006,3008
Fl=12.

Fa=12.

GO TO 3p12

IF{NCONV.NE.2) GO TG 3010
Fl1=39.370038

F2=175.1268

G0 TO 3012

F1=3.28084

F2=14,5939

CONTINUE

INPUT LIST OF GRIDS OF INTEREST

LG=0

READ(5,1) XDUM

g 8 1I=1,38
IF(KDUM(IJ).LE.O0)} GO T4 10
LG=LG+1
KGRID(LG,1)=KDUM(I)
KGRID(LG,2)=200000C
CONTINUE

GO TO &

CONTINUE

-~

GET TABLE RELATING GRID TO POUSITION IN GROSS MATRICESS (EQEXIN)

CALL NTREAD(NBUF,A4,2,1,J,2500,1,81,1,82,K,1, 2)
IF(K.LT.0) GO TG %00

L=2501

I=1/2

DO 20 K=1,I

JJI=TIZCL)

DO 14 J=1,LG

IFCJJ.NE.KGRID(J,1)? GO TO 14
KGRID(J,2)=TIZ(L+1)/10

G0 TQ 15

14 CONTINUE
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[y y)

QOO0

QOOO00

15 CONTINUE
L=L+2
20 CONTINUE

ORDER GRIDS BASED ON INTERMAL ORDER OF NASTRAN MATRICES

CALL ISHELL(KGRIDC(1,2),52,1G)
CALL SHELLX(KGRID(1,11},52,L6)
22 IF(KERID(LG,2),.LT.200000) GO TO 30
WRITE(6,242) KGRID(LG,1)
24 FORMAT( 12HOGRID MUMBER, 111, é2H REMOVED FROM LIST BECAUSE IT M
*AS NOT PRESENT IN NASTRAN LIST )
LG=LG-1
G TO 22
30 CONTINUE
IF(LG.LE.O0) STOP

PRINT TABLE OF GRIDS

WRITE(S,322 (KBRID(I,13,KGRID(CI,Z2), 1I=1,LGB)
32 FORMAT{ 39HIINPUT TABLE OF GRID POIMNTS OF INTEREST /
* 39HQ LOCATION OF TERMS s
* 39H GRID ID IN NASTRAN MATRICES s (I10,I1731)
LG6=6#LG -

INPUT DATA TO INDICATE WHICH MODES ARE OF INTEREST
READ CONTROL FLAG, IHODE, AND NUMBER OF PAIRS, LHODES
IF IMODE=1, READ PAIRS OF INTEGERS FOR RANGE OF MODE NUMBERS
=2s READ PAIRS OF FREQUENCIES FOR RANGE OF MODES

READ(5,1) IMODE,LMODES
WRITE(&,5002) IMODE, LMODES
5002 FORMAT( S59HITHE FOLLOWING DATA MAS INPUT TO INDICATE MODES OF INTE
XREST ~7 10HO IMODE =, 12, 4X, 8HLMODES =, I3 Ve
X. 36H0 RANGE OF MODE HOS., 0OR FREQUENCIES )
IF(IMODE.NE.1) GO TO 35 -
Do 34 I=1,LMODES
34 READ(S5,1) KMODES(I,1),KHMODES(I,2?
WRITE(6,5003) (KMODES(I,l1),KMODES(I,2), I=1,LMOBDES?
5003 FORMATC( 5%, 215 )
G0 TO 590
35 IF(IMODE.NE.2) GO T0O 33
Do 37 I=1,LMQDES
37 READ(5,2) XMODESEI,1),XMODES(I,2}
HRITE{(6,5004) (XMODES(I,1),XMODES(I,2), I=1,LMODES)
50046 FORMAT( 55X, 2E14.5 } )
GO TD 50
38 CONTINUE
WRITE(6,49) IMODE ,LHODES
49 FORMAT( 44H1xERRORx= BAD VALUE FOR IMODE. IMODE,LMODES= , 2110 )
GO TO 99%9
50 CONTINUE

-
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OO0

OO0

7000
7001

7003

51

53

56

58

60

64

6

70

Tl

READ TABLE OF EIGENVALUE DATA, LAMA

LFREQ=0

IF{(SYM.EQ.0)GD TO 51

READ(5,7001) (KDUM(IJI,SS{I),»BB(I}, I=1,2)
FORMAT( 2(5X,15,2F10.03 )

Do 7003 1I=1,2

IFCKDUMCIY.LE.Q) GO TO 51

LFREQ=LFREQ+1

IDFREQCLFREQ)Y=XKDUM(L3J

FREQULFREQJI=5%5(13

GMASS(LFREQI=BB(IJ)xF2%2.

CONTINUE

GO 7O 780640

CONTINUE

IF(SYM.GT.0)G0 TO 71

CALL NTREAD(NBUF,AZ2,Z,1,J,2500,0,51,1,52,K,1,2)
IFCK.LT.0) BO TO 500

I=1+2500

J=2501

CONTINUE

MODEN=IZ{J}

OMEGA=Z{J+3)

GENMAS=Z(J)+5)

GG TO (56,603, IMODE

CONTINUE

DD 58 K=1,LMODES .
IF{MODEN.GF .XVODES(X,1) .AND. MODEM.LE.XMODES(K.,2)) GO TO &6
CONTINUE

GO TOo 790

CONTINUE i T

DO 64 K=1,LMODES -
IF(QMEGA.GE, XMODES(¥,1Y .AND. OMEGA.LE.XMODES(X,2}) GO TQ 64
CONTINUE

60 TO 70

CONTINUE

LFREQ=LFREQ+1

IDFREQC(LFREQI=MODEN

FREQ(LFREQ)=0MEGA

GHASS(LFREQI=GENMAS%F2

CONTINUE

J=J+7

IF(J.LT.IY GO TO 53

CONTINUE

PRINT TABLE OF EIGENVALUE DATA

WRITE(%,72) (IDFREQ(I),FREQ(I),GMASS(I), I=1,LFREQ]

72 FORMATC 56H1THE FOLLOWING EIGENVALUE DATA HAS BEEN TAKEM FROM THE

x
*

4 31H MASTRAN TAPE FOR THIS ANALYSIS /
47HOMODE NUHBER FREQUENCY GEMERALIZED MASS 7/
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oOaa SO0 SO0

(e e Ny

e e ly]

80

84

88

(I7,E22.8,E15.5))
COPY MODE SHAPES TO SCRATCH UNIT KKK=50

KKK=58

REWIND KKK

CALL NTREAD(NBUF,A3:2Z,1,J4,10000,1,51,1,52,%,1,3)
REWIND KKK

IE(K.LT.0) GO0 TD 900

COPY DAMPING MATRIX TO SCRATCH UMIT KKK=52

KKK=52

REMIND KKK

CALL MNTREAD(NBUF,Al,Z,1,J,10000,0,51,1,52,K»1,3)
REWIND KKK

IFC(K.LT.0) 62 TO 906

ADD ANY USER SUPPLIED DAMPING TERMS TO HATRIX AND
REWRITE TO UNIT 51

AF2=F2
IFCSYM.GT.0IXF2=2%F2
CALL DADD(52,51,Z,Z(5060),Z(1000),IDFREQ,LFREQ,XF2,FREQ,GMASS)

BUILD A LG6 BY LFREQ SUBMATRIX OF MODE SHAPES FROM PHIG

KKK=50

KK=1

JJ=0

CONTINUE .
READ(KKK,END=120) AA,J.K,L
IF(L.EQ.0) GO TO 80

READ(KKK) (XX(JJ+I3,I=1,L)

SEE 1IF THIS MODE IS DESIRED

IFCJ.LT.IDFREQ(KK)) 60 70 80

1FCJ.EQ.IDFREQ(KK)) GO TO 86

STOP 98

CONTINUE

JIX=4

DO 88 I=1,LG

J=KGRID(I,2)

XXCII+1I=XXCIIX+I)

XXCII+2Y=XXCJIX+J+1)

XXEJJ+3I=XXCIIN+I42)

XX(JJ+4)=XX(IIX+I+3)%F1

XXCIJ+BI=XRCIIX+S44)*FL - THE
+6)= +J¥51# p

ﬁij:’,f;’ XXCIJX+J+5)#F1 R EPBODUBIBILITY OF

CONTINUE ‘ ORIGINAY PAGH I8 ROOR.
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c
c
c

OO0

OO0 [t EzEzNe

OO0

128

121

124

1238

130

132

135

1

KK=KK+1
IF(KK.LE.LFREQ} GO TO &0
CONTINUE

PRINT HMATRIX OF MODE SHAPES

HRITE(S,121)
FORMAT( 74H1 THE FOLLOWING SUBSET OF MODE SHAPES HAS BEEN TAKEN FR

#0M THE NASTRAN TAPE )

JJ=1

b 124 I=1,LFRE®

CALL COLPRTC(XX(JJ},LG,IDFREQ(I),KGRID)
JJ=JJ+LG6

ROUTINE MVD CAL&ULATES EQUIVALENT MODAL VISCOUS DAMPING AND
RETURNS LFREQ VALUES IN ARRAY DAMP ’

"KKK=51

CALL FXCALC{XX,LG&,LFREQ,KGRID;LG,FX)
CALL MVD(KKK,XX(JJ-1),IDFREQ,FREQ,GHASS,DANMP,LFREQ,XX(JJ+13,FK]

IF ADMITTANCES ARE TO BE CALCULATED, JUMP QUT TO THAT SECTION OF
PROGRAN

IF(MOPT.GE.& .AND. MNOPT.LE.6) GO TQ 6000

INPUT OPTICAL AMPLIFICATION MATRIX, BR (3 BY LBR&)D.
FIRST INPUT LIST OF GRID IDS DEFINING COLUMNS,

THEN MATRIX BY ROWS. STORE MATRIX BR(TRANSPOSE) FRONM
XX(IBR)Y BY COLMNS (EQUIY TO BR BY ROMWS].

IBR=JJ+1 !

LBR=0

READ(5,1) KDUN

DO 130 I=1.8

IF(KDUMCID).LE.OQ) GO TO 132

LER=LBR+1

IDBR(LBRI=KDUHMCI)

CONTINUE

GO 7O 128

CONTINUE

LERE=6%LER

DO 135 I=1,3

READ(5,2) (XX(JJ+K), K=1,LBR6&)

JJ=J4J+LBRS

CONTINUE

ROUTIME BREORD REORDERS THE BR MATRIX TO COINCIDE HITH
NASTRAN MATRIX ORDER

CALL BREORD(XX(IBR),XX(JJ+1),LBR6,IDBR,XGRIDC1,13,LG,IDBRX)
LIDFF=0
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IFTBL=JJ+1 -
IF(NOPT.EQ.1) GO TO 181

READ IN GRIDS THAT ARE LGADED

ocoOo0

238 READ(E,1) XDUHM
DO 240 1=1,8
IFC(KDUMCII.LE.O3GO TO 242
LIDFF=LIDFF+1
IDFFCLIDFF)=KDUN(I)

240 CONTINUE
GO TO 238

242 CONTINUE
KRITE(6,5008) (IDFF(IJ, I=1,LIDFF)

5008 FORMATC 13H1APPLIED LOAD DATA ~ 1X ~ I2HO GRIDPOINTS ~ ( 816 1)

READ IN FREQUENCY, FORCE, AND TORQUE TABLES. STORE FROM XX(IFTBL)
IF KINDF=0, TABELS ARE ORDINARY LOADS
=1, TABLES ARE FQORCE PSD

OoOao00

READC(5,1) LTBL,XINDF
b0 180 I=1.,3
READC(S5,2) (XX(JJ+K), K=1,LTBL)
180 JJ=J4J+LTBL
WRITE(6,500%) LTBL,KINDF
5009 FORMAT( 1Xs/ 21HOLOAD TABLE, LENGTH =, I3, 9H, TYPE =, I2 /
X 444 FREQUENCY FORCE TORQUE )]
J=IFTBL
DO 184l I=1,LTBL
WRITE(6,5010) XUX(JI,XX(J+LTBL)Y,XX(J+2xLTBL)
5010 FORMAT( 3E15.5 )
1301 J=J+1
IF(NOPT.EQ.2) GO TO 330
181 CONTINUE

F
1

c
c READ IN IMPORTANCE TABLES
c
CALEL RPREAD
C -
c SCRATCH AREA NHOH FROM XX(JJ+1)
c
c READ IN GROUPS OF 4 INTEGERS INDICATING FREEDOMS FOR RATE
C CALCULATION Ml,M2,M3,H4E )
C IF M2=H4=0, CALCULATE RATE (M1l,HM33
c OTHERWISE, CALCULAVE RATE (MI,M32,({M1,H3+1}),(HMI,N3+2),...
G (M1+1,M3),{M1+1,MH3+1)s.0e
Cc

KJuMP=1

182 READCS,1)M1,M2,H3,H4
IF(MI.LE.O) GO TO 230
I=H1

184 MX1=1/10
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QOO0

QOO0

OO0

OO0

186

190

192

196

220

224

282

234

NX1=MODC(I,102
J=M3

MX3=Js10
NX3=MUD(J, 107

FORM RATE CALC. FOR GRID/FREEDOM {(MX1/NHX1,MX3/NK3) FOR ALL
MODE SHAPES

JJi=0

JJ2=0

PO 190 II=1l.lG

IFCKGRID(II,1).EQ.MXI) JJ1=(II-1)#%¥6 + NX1
IF(KGRID(II,1}.EQ.MX3) JJ2=(II-1)%6 -+ NX3
IF(JJ1.6T7T.0 .AND., JJ2.67.0) GO TO 196
CONTINUE

WRITE(CE,192) MXI,MX3

FORMAT( BOH1%ERROR* ATTEHPT TO CALCULATE RATE AT GRID NOT IDENTIFI

¥ED AS A POINT OF INTEREST » 216 )

GO TO 224 .

CONTINUE . |

DO 220 II=1,LFREQ

KK=(1I-13%LG6

XX(JJ+III=XX (KK+IJ1ISXXCKK+JI2) /(2. %DAMP(II)*FREQCIII*GHASS(IT)}
IF(KJUMP.EQ.1) GO TO 220

CHANGE RATE CALCULATION TO POSITION GAIN

KX(JIFTITI=XX(JJ+II)/FREQ(II)
CONTINUE

ROUTINE PRPLT PRINTS AND PLOTS RATE AS FUNCTION OF FREQUENCY

CALL PRPLTC KJUMP, XX(JJ+1),FREQ, IDFREQ, LFREQ, MX1,NX1,MX3,NX3)

CONTINUE

J=d+1

IF(J.LE.NMN4) GO TO 186
I=1+1

IF(I.LE.M2) G0 TO 184
G0 TO (182,282), KJUMP
CONTINUE

KJump=2

READ IN PAIRS OF INTEGERS INDICATING FREEDOMS FOR POSITION
COEFFICIENT CALCULATION

READ(S5,1)M1,M2,H3 M4

IF{MI.LE.O0) GO TO 330

=Nl

IF(M3.6T.02 GO TO 18%

MX1=1I/10

NX1=MOD(I,10)

CALL POSN(XX(1),LG6,LFREQR,XXCIBR},IDBR,LBR6,XXC(IFTBL),LTBL,XGRID,
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http:IF(I.LE.M2
http:IF(J.LE.M4

2000

OO0

500

1¢0l

1002

10083

1006

1007
1408

1010

IDFF,LIDFE,
DANP,FREQ.IDFREQ,GHASS , XX{(JJ+1 3, MXTI N1}

I=1+1

IF(I.LE.M2) GO TO 284 -

80 TO 232

CONTINUE

IF(HNOPT.EQ.1) GO TQ 400

CALL POSNCXXC€131,LG6,LFREQ,XX(IBRJ},IDBR,LBRS, XXCIFTBL) LTBL,XGRID,
IDFF,LIDFF,
DAMP,FREQ;IDFREQ;GHASS;X&(JJ+1);0;0)

CONTINUE

CALL PNCH1{(FREQ,LFREQ,2,1)

WRITE(7,2000)

FORMAT( 4H END )

CALL PHCHLC(DANMP,LFREQ,2,1)

WRITE(7,20002

BUILD COLUMNS OF /PHITT/ QR /PHET/ FROM XX(JJ+1)

NTIME=1
CONTINUE
K=]1
IF(NOPT.EQ.LL) K=4
IF(NOPT.EQ.3 .AND. NTIME.EQ.1} K=4
KROW=0
CONTINYE
READ(5,13} XDUH
DD 1008 I=1,8
IF(XDUMCI).LE.Q0) GO TO 19010
po 10602 J=1,LG
IF(KGRIDECI, 1) -NE.XDUNCI)) GO TG 1g02
Jd1=0J-1)%é6
GO TO 1003
CONTINUE
GO TO 1008
CONTINUE
DO 1007 J=K,6
KKK=JJ1
DD 1006 JJ2=1,LFREQ

Y (JI+II2) =X CKKK+D)
KKK=KKK+LGS
CONTINUE
KROW=KROW+1

CALL PNCHL (XX(JJ+1),LEREQ,2,XROM) F THE
CONTINUE . LQMDUGFBZUW B

CONTINUE GIAL PAGE I8 POOR
60 TO 1001 QRl -

CONTINUE

WRITE(7,2000)

NTIME=NTIME+1

YF(NOPT.EQ.3 .AND. NTIME.EQ.2) 60 TO 5090

TF(NOPY.EQ.2) GO TO 1030
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READ GRID IDS FOR GYRO AND CHG
READCS5,1) KGYRO, (KDUHC(I),I=1:4)

CALL PNCH2(XX(1),LG6,FREQ,BMASS,LFREQ,KDUM,4,XX{JJ+1),KGRID,LG)
1030 CONTINUE
J=0
DO 1034 I=1,LBR
PO 1034 K=i.,LEG
IF(EDBRCI}.NE.KGRID(K,1)) GO 7O 1034
DO 1033 XKK=1,6
1033 ISS(J+KKXI=(K-1)%6+KKK
J=sl+b
GO 70 1036
1034 COUNTINUE
1036 COUNTINUE
JJl=1 .
KKK=IBR~1
1040 DO 1060 K=I,LFREQ
BB(KI=0, .~
DO 1050 I=1,LBR4
J=(K~1)1%LBE6+ISS(I2
1050 BBOKI=BBUQI+XH(KKK+II#*XX(J)
1060 CONTINUE
DO 1070 I=1,LFREQ
10790 BBCIY=BB(I)/{FREQCII®R*2%XGMASS(I3)
CALL PNCHL(BB,LFREQ,1,J4J1)
KXK=KKK+LBR&
J1i=dJ1l+1
IFCJITI.LE.3) GO TO 1040
WRITE(7,2000)
IF(NOPT.EQ.2Y GO TO 1080 E
CALL PNCH2(XX(1),LG4,FREQ,GMASS,LFREQ,XGYRD,1,XX(JJ+1),KGRID,LE)
1080 CONTINUE .
900 CONTINUE
999% COMTINUE
RETURN -
6000 CALL ADMIT(IDFREQ,FREQ,GMASS,DAMP,LFREQ,XX(1),L66,KGRID, LG,
X XX+ 1Y, XX {JI+LFREQ+1) y XX (JJ+LFREQ+1); 5L)
RETURN
END
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OO0 O0O0n

aoaoon

MO0

SUBROUTINE MVDIKKK,X,IDFREQ,FREQ,GMASS,DAMP,LFREQ.IX,F)
RCUTINE TC FROHM EQUIVALENT MODAL VISCOUS OAMPING

KKK — UNIT CONTAINING NTREAD COPY OF DAMPING MATRIX BHH

XeIX — SCRATCH ARRAY

[OFREQ,FREQ,GMASS ~ ARRAYS CONTAINING MODE NOS.,FREQUENCIES,
AND GENERALIZED MASS. LENGTH = LFREQ

DAMP— DAMPING COUEFFTCIENTS RETURNED HERE

COMMON/SYSCTL/ NOPT
COMMCN/FACTCR/CFAC, ALFI,ALF2
OIMENSION XU1),IOFREG{1),FREQ(L1),GMASS(L1)0AMP{L),IX(1)
DIMENSION F(1)
DCUZLE PRECISICN AA
3 FORMAT( 33HLEQUIVALENT MODAL VISCOUS DAMPING / 11X /
* 48H0 MOOE DAMPING COUPLEDSUNCOUPLED /
* 48H NUMBER COEFFICIENT RESPUNSE RATIO }
30 FORMAT( 15, E1T7.5s E24.5)
WRITE(&,1)-

L FORMAT (IHL)

L=1
LLMAX=0

18 [D=1DFREQ(L)

20 READ(KKK,END=90) AAsJ,KalL
IF(LL.EQ.Q) GO TO 20
READIKKK) (X(I),I=1,LL)}
IF(J.LT.ID) GC TO 20
IF(J.EQ.ID) GO TQ 23
STOR 99

23 CCNTINUE ) P
IFILL.GT.LLMAX] LLMAX=LL "
DAMP (L)=X(J)/ {2.%FREO({LI*GMASS(L)) ' ﬁﬁﬁﬂ@ﬂﬁ
L=L+1
IF(L.LE.LFREQ) GO TO 18

90 CONTINUE
IF{NOPT.GE.4 . AND. NOPT.LE.6)} RETURN

CALCULATE COUPLED/UNCOUPLED VELBCITY RESPONSE
STORE FROM X({JRI+1)

JRI=LLMAX
KO=JRI+LFREQ
Ki=KO+LFREQ
DO 200 L=1,LFREQ
X({JRI+LI=0.
IC=IDFREQ{L)
REWIND KKK

120 READ{KKK,END=220) AA.1,K,LL
IF{LL.EQ.0) GG TO 120
READ(KKKY} (X(J}, J=sl,LL)
IF{[.NE.ID) G2 TO 120

FIND MODES WHICH POTENTIALLY COUPLE WITH I-TH MODE
STORE INDICES FROM IX(K1+1}
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http:IF(J.EQ.ID
http:IF(J.LT.ID
http:IF(LL.EQ.OJ

OO

iaN ey

OO

124

130

136
140

144
146

1460

NC=0

00 124 J=1,LFREQ

IF{FREQILI/FREQIJ) LT. (L.-~ALF2%*DAMP{J})} GO TO 124
IF{FREQ{LY/FREQEIY .GT. {L.+ALF2*DAMP(J)]}) GO TO 124
JJ=I10FREQ(J)

IF(X(I).EQ.O.}. GO TO 124

IF{X{JJ)/X{1} .LT, ALFL) GO TO 124

NC=NC+1 :

XI{KO+HCI=F(J}

IX{KL+NCY}=JJ

CONTINUE

IFINC.LE.L1) GO TO 200

THERE ARE NC NODE NUMBERS WHICH COUPLE STORED FROM IX{K1+l)

REWIND KKK

K2=KL1+NC

KD=K2+1

DC 140 J=1,NC
JJ=ITX(K1+J)
READIKKK,END=3001 AA,TI,KysLL
IF{LL.EG.0)Y GO TO 1349
READIKKKY (X(K)K=1l,LL1)
IF{II.NEaJdJ) GO TO 130
DO 136 K=1l4NC
JI=TX(K1+K)

KZ2=KZ2+1
X{K21=X(JS3)=FREQ(L)
CONTINUE

CONTINUE

A NC BY NC DAMPING MATRIX IS MOW STORED AT X{KD}

KM=KD+NCHNC

K2=KM-1

DGO 160 K=1,NC

JJI=IX(KL+K)

00 144 LL=1,LFREQ
IFLIDFREQILL) JNELJJ} GO TO 144
XAM=GMASS(LL)

XF=FREQ(LL)

GG TL 148

CONTINUE

EONTINUE

LL={K=1}*hC+K+K2

X{LL =X Xtx (XE+F2-FREQ(LI¥%2)
CONTINUE

A NC BY NC DIAGONAL MASS MATRIX I35 NOW STORED FROM X(KHM}
LE=KF+ACENC

K=LL+NC*NC
JJ=K+NC=NC
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aOCO IzNe¥y] AOCr O

OO0

OO

CALL MCRAP{X(KM) ;X {KD)+XILL) +X{K) yNC s X{JJ 9 X{IJJ+NC), X {JRI+L),
X X{KO+1},
X IX{KL+1},10)
200 COMTINUE
220 CONTINUE
WRITE(6.,3)
00 300 I=1,LFREQ
300 WRITE(6,30) IOFREQ(I},DAMP(I) 4 X{JRI+TI}
RETURN
END
SUBROUTINE MCRAP{A+B+S1+S2+NC+S53454+R1,F,
X TWeIDY
DIFENSICN A(NC+NCI+BINC,MCI+SLINCyNCHS2INCsNTISIINC)S4{NC)
DIMENSION F{1}
INTEGER 53, IW(1l}
S53(1)=NC
$312)¥=0

INVERT B INTO 51
CALL GMI(E&9C0,B,52,+S1,NC,53,54)
FORM A=B{INV) IN S1 { A I3 DIAGONAL )

bC 20 I=1,NC
DO 20 J=L1.,NC
20 SHIT403=A11,10=SL(1,+J)

FORM { B + S1%A ) .IN S2

DO 30 I=1,NC
OC 30 J=1.,NC
30 S2{I,J)=B(I4J)+S5L{L5J)2A{J,J)

[NVERT 52 IN S2

S3(1)=NC
53(2)=0
CALL GML{&900,52+A+52,NC+53,54)
DO 40 I=1,NC
DC 40 J=L,NC
A(If\j}-_—'o-
DO 40 KX=1,NC
0 A{I4d)=Al11,J) + S2[T1,K)%:SL{K,J}
00 44 I=1,NC
DA 44 J=1,NC
44 S2(1,4)==5211,J)

MATRIX € IS IN Ay HMATRIX O IS IN 52

DL 46 J=1.+NC
TFT{LW{J)NELID} GO TO 46
I=J
GC TC 48

46 CONTINUE
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HeaNelyl

OO0

48 CONTINUE
SUML=C.
SUM2=0.
DO 50 J=1.NC
SUML=SUNL+A(T,J}*F({J}
SUM2=SUMZ+52(1,J)%*F (J)

50 CONTINUE
RI=B{L,1}1=*SCRT{SUML#**2 + SUMZF*FZI/F{I}
CALL MMPRNT(IW,ID.NC,A,4HC i
CALL MMPRNT(IW4+IDyNC,52,4HD )
RETURN )

200 S70P 31
END
SUBRQUTINE MMPRNT{IH,ID,NC,A,XNAM)

MATRIX PRINT

DIMENSION TW{MC)+A(NC.NC)
HRITE(6,1) XNAM,ID

1 FORMAT{ 20HOI-TH ROW OF MATRIX , A2, 1&HFOR MDDE 1, I =, [3)
DC 10 I=1.NC
IF{IWI{l1L.NE.ID) GO TO 10O
J=1
GC TG 12

10 CONTINUE
RETURN

12 CONTIANUE
J1=1

g J2=J1+7
IF({J2.G6TNC} J2=NC
WRITE(6 42} tIW(i}eI=J1,J2)

2 FORMAF{ SHOMODE “NOu» Ill, T7IY3 7 )
HRITE16,3) (ALJ,EY, I=J41442]

3 FORMAT( &H VALUS, 68X, 8E13.5
J1=J2+1 .
IF{JL.LE.NC) GO TQ 8
RETURN
END .
SUBROUTINE COLPRT(AsMy [0+KGRID)

ROUTINE TQO PRINT ONE COLUMN OF MODE SHAPE MATRIX

DIMENSICN Al&4N) KGRIC(N)
WRITELS,20) ID,{KGRID(II,{A(I4+J)y 1=146), J=L1,N)
20 FOREAT{ L3H1 HMODE NUMBER, 15 / .
* THO GRID, 11X 2HT15 13X 2HT 2, 13X, 2HT3,13X,2HR 1, 13X+ 2HR 2, 13X, 2HR 3
# L { [Ty 2%Xe 6ELS5.5 1)
RETURN
ENC
SUBROUTINE FKCALCU(PHE,LL,LFREQ,KGRID,LG,FX}

[NPUT A& LIST OF GRID TS FOR CALCULATING A
GENERALIZED DAMPING FORCE, AND CALCULATE THE FORCE IN FK

DIMENSION PHI(LL,LFREQ),KGRID(100,2),FK{1),KDUMNL )
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http:IF(Jl.LE.NC
http:IFIWLIL.NE.IO

[aXeNe

&0
10
11

16

13

22
28

&l

40

[« EaXal

i2

16
17

DO 8 [=1,LEREQ
FK{L}=0.

HRITE (6,60])

FCRMAT( SGHIGRIOPGINTS FOR MODAL VELOCITY COUPLING ASSESSMENT

READ{5511) KDUM

FORPATI 8110)

D€ 28 1=1.,8 .
FF{KCUM(1).:LE.Q) GO TO &0
1i=I

DC L& J=1,LG

IFE(RDUM{T).NE.KGRID(J,1)} GO TO 16

K={.J=11)%6

GC TC 18

CONTINUE

GO TO 23

CONTIMUE

DO 22 J=1,LFREQ

00 22 JJ=1,6
FRIJI=FK{J I +ASSIPHIIR+JI I M)
CONTINUE

CONTINUE

HRITE{6,61} KOUM

FORMATI 8110 )

60 TO 10

CONT INUE

WRITE(6461) (KDUM{J),d=1,11)
RETURN

END

SUBRCUTINE PNCHL {AA,LA,IRC, IRCNO)
DIMENSION A(S),AALYL),TE{53]),S5IGNI(5)

DATA EP,EM/ 2HE+,2HE= /
ROUTINE TGO PUNCH A RQOW, COLUMN,

Ji=1

J2=J1+4%

IFLJ2.GT.LA) J2=LA

I=0

BC 20 J=J1,J42

=1+

TE{1}=0

V=AATJ}
IFLABS(V).GE.1.)GO TO 16
SIGN(L)}=EM

V=¥%:10.

IETE)=[E{D)+1
IF{IE{IY.EQ.9) GO TO 19
IF(aBS(V).GT.1.160 TQ 19
GO 1O 12

SIGN(I1}=EP
IF(ABS(V).LT.10.)GO TO 19
V=V/10.

OR DIAGONAL IN SEAL FORMAT
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http:IF(J2.GT.LA

[z N Eulgl

IE(TI)=IE(1I}+1
IFILIE{I).EQ.S) GO YO 19
GO 10 17
19 All)=Y
20 CONTINUE
GO TO {(30,:40,50),IRC
30 CONTINUE
WRITE{7+32) IRCNO:J1s(AlJ)+SIGN{JI)sIFELI)y J=141)
32 FORMAT( 3H R{4I341HyI341H)y1Xy 51X FB.55A2,11) )
GO TO 460
40 CONTINUE
WRITE(7+42) JL,IRCNOs{A(J]+SIGN(JYLIE(d), J=1,1)
42 FORMATY 3H C{+I341H+I3+1H)+1X, S{1X,FB8.5,A2,11) )
GO TO &0
50 CCNTINUE
WRITE(T7,22) J1,J1: CACJ)}+SIGNLJYSIE(J)}s J=1,1 1}
52 FORMATL 3t D{sI3:1HsT3,1H)+1Xy S5U1XsFB.5442,11) 1}
60 CONTINUE
Jl=J2+1 -
IF{Jl1.LE.LAY GO 7O 8
RETURN
END
SUBROUTINE PNCHZ{PHI,IP,FREQ.GM;LFREQ,IDG,LLID+%,KGRID,LG)"
BINENSICN PHI{IP+Ll )} FREQIT)I GM{1),IDGI2},X{1),KGRIDI1)
KKK=0 .
K=1
30 00 60 I=1,LG
IF{ICG{K).NEJKGRID{I)IGO TO &0
L={I-1)=%6
GO TC &2
- 60 CCNTINUE
GO 7Q 800
62 CONTINUE
DG 100 I=4.,6
KKK=KKK+1
D0 90 J=1,;LFREQ
90 X{JY=PHI(L+I,J)/ (FREGQ{J)*22%CH{J))}
CALL PNCHI{X,LFREQys1lKKK)
100 CGNTINUE
800 K=K+l
IF{X.LE.LLID)Y GO TOQ 30
WRITELT?,2000)
2000 FORFMATE 4k END )
RETURHN
END
SUBROUTINE PRPLT{KKsX,FREQ,IDFREQ,LFREQsM1,NLyH2,N2)

ROUTINE TO PRINT AND PLOT ARRAY X AS FUNCTION DF FREQUENCY
ROUTINE USES WRITE/READ O TO FORM PLOT TITLES

DIMENSTON X(LFREQ,1},FREQILFREQ) s IDFREQILFREQ) T (15},TL(3)
DIMENSION TRGT(S5),TLRGT{6)

DATA TRGT/4HFREC:4HUENC,4HYsRA,4HD/SE,4HC /

DATA BLANK/4H !

DATA TR1/ 4H RAT /., TP1l/ 4H POS /

286


http:IF(JI.LE.LA

DATA TL/ AHCOEF,4HFICI.4HENTS /
EQUIVALENCE (19,0}:0d,Ad)
CarMMOM/SYSCTL/ NOPT.NOPLOT
CONMFON/XSPECS/ S5{75).88{126}
COMNON/RPFACT/ RPF{20,4).NRsNP
DG 9892 1=1,126
9892 BBII1}=BLANK

[IK=3

L=NP

IF{KK.GT-2} GO TO 10
IF{KK.EQs2) GO TO 2000
WRITE(6,1) M2,N2,M1,N1

1 FCRFPAT( 37HIRATE COEFFICIENTS. RESPUNSE FRDH =y 16411y

X 1&H [NPUT FRDM =, 16,11 )
WRITE(Q.1) MZ2,NZ,M1,N1
REAC(C.,3) T

T(1}=TR1

T1IKk=1

L=NR

GC TC 2008

2000 CONTINUE

WRITEIS21006) M2,M2,ML,NL
MRITE{0+1006) M2,N2,M1,NL
REAC(0,3) T

T{Li=TPL
1006 FCRIMAT( 30HLPOSITICGN {(GYRO} COEFFICIENTS. o
X 18H RESPONSE FROM =, 16,11, L&H INPUT FRDM =, 16,11 )

2008 CONTINUE
WRITE(&651001)
10C1 FORMAT( 46H0 FREQUENCY MODE NQO. COEFFICIENT RANK 1}

2 FORNMAT{ El3.35y [T+ 66Xy E13e5, [6 )

3 FORMATIL 20A4 )
XSAVE=RPF({1l,11K) =
N=1 :
00 4 I=1,LFREQ
Y=TOLP(RPF(LIIK) RPF{L,IIK+1};FREQ(I} 1 XSAVE,Ls+NsHM)
X(I+1)=Y=X(1+1}

G X{I[,231=A8S(X([41))
IFINCPLCT.GT.O) &0 70 7

. Xi=1.

I1X2=FREQ(LFREQ)
X2=FLCAT{IX2+99)
Yi= 1l.E20
Y2==1.E20
DC & I=l,LFREG
IFIX1142eBTaY2) Y2=X(142)
TFIX(I,2) el TaYL) YI=X(1,2)

5 CENTINUE
CALL STSUBJ{X1¢X2sYLlyY24+S5S)
CALL STNPTS{LFREQ,SS?
CALL GOLGLG(BB,SS)
CALL. STSYMB{ 1,551}
CALL STCHSI(.014,.014,55)
CALL PSLGLGI{FREQ.X[L,2)+8B8,55}
CALL STNCHR (48,355}
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http:STSUBJ(X1,X2,Y1,Y2.SS
http:IF(X(1,2).GT.YZ
http:IFCXK.GT.21

L0

CALL TITLEB(T.BB,SS}
CALL STNCFR(12,5S)
CALL TFITLEL(TL,BB,SS%)
CALL ADVANC {(1.0,S5}
CONTINUE

CALL FSHELL(X[1s2)4X(143)4LFREQ)
I=LFRERQ

J=1

Q=X(1,3)

XlIGs2)=A4

J=J+1

I=1-1

IF{I.GT.0) GO Ta 9

WRITE{6,2) (FREQ{I), IDFREQIT}+X(I,1)sX{T142}y I=1,

GC TC 890

CONTINUE

IF{KK.NE.3} GO TO 30
WRITE{6,11) ML,sNL
WRITE(Q,11) ML,NL
READ{O+3} T

T{l1=7P1
WRETE(G41011)

11 FORMAT{ 33HLPOSITION (OPTICAL) COEFFICIENTS.

X Z20H RESPONSE FRDM = U, 16H INPUT FRDM =,
FCRMAT{ LHO, 24X, 3{Ll5H COEFFICIENTS, 6X) /
X 23H FREQUENCY MODCE NO., TX, 12HU=X RANK,

1011

L4

15

X L2HU=Y RANKs 99Xy 12HU=Z RANK

XSAVE=RPFI(1,I11IK}
N=1
0C 14 1=1,LFREQ

}

LFREQ)

16,11 )

9X e

Y=TBLP{RPF{L,ITK) ,RPF{L,IIK+1 ), FREQ(L},XSAVE, L N,M4} "

DO l4 K=1,3

XKL R)=Y=2X{I,K)

X{IsR+3)=ABS {X(T4+K})
[F{NOPLOT.GT.0)} GO TO 17
Xl=1l. ,
IX2=FREQ{LFREQY
A2=FLOAT{IX2+99}

Y= 1.E20

Y2==-1.E20

DC 15 1=1,LFREQ

DC 15 J=4,56

TEIX{I+Jd)aGT Y2} ¥2=X(1,J)
IFIX{I2d)LTaYl) YI=X(L,44)
CONTINUE

CALL STSUBJ(XL,X24Y1,sY2,585)
CALL STNPTSI(LFREG,S55)

CALt GDLGLG(BB.SS)

CALL STSYMB{ 1,55)

CALL STCHSZ[.014,.014,55%)
CALL PSLGLGI{FREQ.%{1,4}),B8,55])
CALL STSYMB{ 4,85}

CALL PSLGLG{FREGCeX{1:5),B8+55)
CALL STSYMBI 5,55)

CALL PSLGLGIFREG:+X{1ls6}+B8,55)
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http:IF(X(I,J).LT.Y1
http:IF!XfI,J).GT.Y2
http:IFINOPLOT.GT.O1

OO0

CALL STNCHR{48,55)

CALL TITLEB(T,BB,5S51)

CALL STHRCHR{12,55}

CALL TITLEL{TL.BB.+5S)

CALE ADVANC {1.0,55)
17 CONTINUE

pec 25 K=1'3

CALL FSHELL(X{1.K+3},%X{1,7),LFREQ)

I=LFREQ

J=1
22 Q=X{1,7}

X(IQ K3 )=AJ

J=Jd+1

I=i-1

IF{1.GT.0) GO TO 22
25 CONTINUE

DC 28 I=1,+LFREG

WRITE{6427) FREQ(ID,IDFREQ(I}4X{Ts134X{128)9X(1+2),X{1+5),

X X{143¥3X{I+6)
27 FORMAT( E13.5, 17y 5%y 31 El2.5y I&%y 5K} )
28 CONTINUE .
G0 TG 80
30 CCNTINUE
IF(KK«NE.4)} GO TO 80
WRITE(6+31}
31 FORMAT( 14HIIMAGE MOTIOGNS /
X 23HQ FREGUENCY MGOE NO., 7X, 12H X RANKs 9%,
X 12H Y RANKy 9Xs 12H £ RANK }
D0 34 1=1,LFREQ
DC 34 K=1,3
3¢ X{L,K+33=ABS(X(I,K)}
GO TO 17 !
80 CONTINUE

NEW CODE MDD FOR ADMETTANCE PLOTS

[F{.NOT.{KK.GE.5.AND.KK.LE.1Q)IGD T4 90
IF{KK.EQ.9.0R.KK.EQ.1Q)
XWRITE(O;2003 1M1 ,M2
IF{KK.EQ.5.0R.KK.EQ.S)
XWRITE(G,20011H1L,M2
IFIKK.EQ.T-CR.KK.ED.B)
XWRITE(Q,2002) M1 ,M2
2001 FORMAT{'DISPL. ADMITTANCE FOR FROM', I7,' OUE TO', 17}
2002 FORMAT{"ACCEL. ADMITTANCE FOR FRDM', [7,7'0UE TO*'y 1I7)
READ(Q,33T
[F{KK.EQ.S JWRITEL{D,2005})
IF{KK.EQe&6 JWRITE(D,2006)
[F(KKeEC.T YWRITELQ,2007)
[F(KK.EQ.8 JWRITE(C,2008)}
IF{KKLEG.9 JWRITE1O,2009)
IFIKKCEQ.LOIWRITE{C,2010)
2003 FORMAT('YEL. ADMITTANCE FOR FROM',I7,'DUE TO FRDM', 17}
2005 FORMAT ('DISPLACEMENT AOMITTAMNCE '}
2006 FORFAT {'CISPLACEMENT PHASE ANMGLE')
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http:IF(KK.EQ.9.OR.KK.EQ.10

2007
3008
2009
2010

&4

9893

8401

FORMAT {'ACCELERATION ADMITTANCE %)
FORMAT {'ACCELERATION PHASE ANGLE?)
FCRMAT ('VELCCITY ACMITTANCE 1)
FORMAT ('VELOCITY PHASE ANGLE v)
REAC(0,.3)TLRGT

IFINCPLOTLGTL.0)GO TO 85

X1=10

X3=FREQILFREQ)+10

IX2=AINT{X3/10)

X2=FLOAT({10*[X2)

NOIV=1IX2-1

Yi=1.0E20

Y2=-1.0EZ0

DO 34 I=1,LFREQ
TRIX(Is1)GT.Y2)Y2=X(1,1)
IFIXII+1)aLTaYL)Y1=X{I,1)

CONTINUE-

D0 9893 TIE=1l.+41

I=11E-21

IF{10#% (11 ) LT ABSIY1} eAND. EO%* [ GE.ABS{YL))Y1=10%*]
FF1L0%%{I=1) LT +ABS{YZ)«AND. LOFF] .GELABS(Y2))Y2=10%*(I-1)
CCANTINUE

IFIKK.EQ»6.0R
X KK.EQeB.MR~
X KK.EG.10)1Y2=180.0

IFIKK.EQ.8.0R.

X KK<EG.8.0Re.
X KK.EQJ410)Y1=-180.0

CALL STSUBJIXLsX23YLY2,455)

CALL STS208(+251+955+252-9,55}

CALL STNPTS({LFREQ,S5}

CALL STNDIV{NDIV,12,5S}

IF{ oNOT « [KK2EQ+5.0RKK.EQ-T7.0R-KK-EQ.9))60 TO, 8401
CALL GDLILGIBB,S3)

CALL NCLGL({BB,5S)

CALL NODLIB(BB,SS)

GO TO 8402
IF{oNCT.{KKaEC 6, 0R.KK.EQ.8.0R.KKLEQ.L0}IGO TO 8402
CALL GOLILI(BB,SS)

CALL MODLIL{BE,S$S)

CALL NCDLIBIBB,SS)

8402 CONTINUE

CALL STSYMB{1,55)
CALL STCHSZ(.014%4+.014,+55)

1£({KK.EQ-5.0R ety OF ik
X KKsEQe7.0R- gﬁ”@@ﬁq paGE B PO
X KKeEG@s9) CALL SLLILGIFREQ,X{1,1},8B,SS] gﬁ&ﬁﬁﬂﬂeﬁi

[F(KK.EQ.&-OR- - -

X KKeEQeB8e0RA
X KK<EQ.10} CALL SLLILI(FREQ«X(1,1)4B8B,55]
CALL STNCHR({48,55)

CaLt, TITLET(T.8B,S5)

CALL STNCFR(20,535)

CALL TIVLEB(TRGT,BB,5S5}

CALL STHCHR([24+5S)
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http:KK.EQ.1O
http:KK.EQ.8.OR
http:IF(KK.EQ.6.OR
http:IF(KK.EQ.5.OR
http:KK.EQ.8.OR
http:IF(KK.EQ.6.OR
http:KK.EQ.8.OR
http:IF(KK.EQ.6.OR

OO0 Ao

85
0

20

43

&0

80

CALL TITLEL{TLRGT +BB¢SS)
CALL ADVANCI(1.0,S8S)
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE RPREAD

RCUTINE TQ READ IMPORTANCE FACTOR TABLES AS FUNCTION OF FREQ

COMFON/RPFACT/ RFREQ(Z20)}sRFACI{20},PFREQ(20)sPFAC{20),NR,NP

READ MNUHBER OF PAIRS [N EACH TABLE

READ{(5,;1) NR:NP

FORMAT( 215 )

IFIMNR.LEL.Q) GC TO 20

READ{Ss2) (RFREQII),RFAC(1), I=14+NR)
FORMAT({ BFL0.0 )

GO 70O 40 -

NR=2

RFREQ(L)=0.

REREQ(2)=1.

RFACILl)=Ll.

RFAC{2}=1.

IFINP.LE.C) GO TO 60

READ(S,2) [(PFREQUI),PFACII}y I=l.NP}
Ga TO B8O

Np=2
PFREC(11=0.
PFREGQ(2)=1,
PFaCil)=l.
PFAC{Z}=1.
CONTINUE
RETURN

END

SUBROUTINE BRECGRO{BR,XsNNs IDBR,KGRIDsLGy ISCR])

[ R RN N

ROUTINE TO REJRDER THE ROWS OF BR (IN & ROW BLOCKS) TO
CCIANCIDE wITH THE GRIE ORCER OF KGRID. GRID IDS FOR B8R
ARE GIVEN IN IDBR. X AND ISCR ARE SCRATCH ARRAYS.

DIMEANSICN BRIMNN,3),X[NN+3},IDBR(1),KGRID{1}, ISCR(1)}
NBR=HN/6

L=0

K1=0

00 80 KK=1,LG

PO 20 J=1.NBR
IFIIDBR{JILNELKGRICIKK)) GO TCO 20
L=L+1

ISCR{L)=IDBR{J)

IDBR{J)==]

Jl={J=-1l}j*6 + 1

JZ2=J1+5

D0 1& [=J41,J2
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Kil=K1l+l
X{K1,E)=BR{I,1}
X{KL1,2)=BR{1,+2)
X{KLls3)=BR{I:3)
16 CONTINUE
20 CONTINUE
80 CONTINUE
[FIL.EQ.NBRIGO TO 90
WRITE{6,82}
82 FCRNMATI BLlHL*CERROR* THE FOLLOWING GRID IDS FOR MATRIX BR ARE NOT F
#OQUND IN NASTRAN MATRIX IDS }
DG 85 I=1.NBR
IF(IDBR{L[}.LT.0) GO TC &5
WRITE(6+84) IDBR(I)
84 FORMATI( I15 )
85 CCANTIMNUE
STOR
90 CONTINUE
DC 98 [=14K1
BR(I,1}=X(Ir1]
BR{1,2)1=X{1+2)
BR(T:3)=X1],3])
98 CCNTINUE
0C 100 I=1,MNBR
100 IBBR{1I)=ISCRII}
WRITE(6:200)
200 FORMAT( 45HLOPTICAL AMPLIFICATION MATRIX, BR {TRANSPOSE}
X 49H {RE-DRDERED AS NECESSARY TO MATCH NASTRAN ORDER)
X 44HO FREELGM coL 1 coL 2 coL 3
K1=¢ ) )
DO 208 T=1,NBR
BC 206 J=146
K1=Ki+1
WRITE{6,201) TOBR{I}+J+BR(K1,+1),BR{K1,2),BR{K1,3}
201 FCRPATH [6y 12, 2X, 3ELl2.4 }
206 CONTINUE
208 CONTINUE
RETURN
END
SUBRQUTINE POSM{PHI,NPHI,NFREQ+BR, [DBR,LB&6,FTABLE,LFTBL KGRID;IDF
XLID,CAMP,FREQ, [DFREQ+GMASSsSCRs ML, NLY

ROUTINE TO CALCULATE POSITION COEFFICIENTS FOR FREEDOM ML/NL

PHI-—-VMODE SHAPE ARRAY GIMENSIOMED PHI(NPHI+NFREQ])

BR====0PT [CAL AMPLIFICATION MATRIX {TRANSPOSEC)s OIMEN. LBS BY 3
IGBR——ARRAY OF GRID IDS FOR B8R, LENGTH=LBR

FTABLE-TABLE CF FREQ,FORCE,AND TORQUE

KGRID-GRID IDS DEFLINIMNG DORDER OF PHI (& ROWS PER I8)

[DF———GRIC I1D3 DEFINING LCAD POINTS, LENGTH=LID
DAVPFREG,GHASS-DAMPING, FREQUENCY , AND GENERALIZED MASS
SCR-—=SCRATCH ARRAY

DINENSICN PHI(NPHI,NFREQ),BR({LB6,1), IDBR{ 1),FTABLE{LFTBL, 3},
X DAMPL1),FREQ(1],GMASSIL),IDF{1]} SKGRID(1)sX{3},
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OO

OO0

OOD

20

22

26

30
32

34

40
50

X SCR{NFREQ,1}, IDFREQ(1)
COMFCA/SYSCTL/ NOPT,NOPLOT,K INDF
LG=NPNI/&

LER=L86/6
IF{F1.EC.0) GC TO 26
SCRIPF=1.

LCCATE POSITICN IN PHI FOR FREEDOM M1/M1

D0 20 I=1,LG
TFIKGRIO{T).NEL.ML) GO TG 20
KMN=({]=1)%6+N1

GQ 7O 26

CONTINUE

WRITE{6,22} M1,.,N1

FORMATY &63HL*ERROR#* POSITION COEFFICIENT REQUESTEDR AT NON-EXISTING
X FREECOM, 15412 }

RETURN

CONTINUE

0C 200 J=1,NFREQ

FOR¥ (BR)I[PHI} FOR J-TH MODE

DO 50 I=1,3
X(I)=0.
Ki=0

Ll1=1

DO 40 K=1,LBR

DO 30 L=L1,LG

IF(KGRIDIL).NE.IOBR(K)} GO TO 20

K2={L-1}*6

Li=L+1

GQ TG 32

CONTIAUE

CONT INUE

DO 34 L=1,6

X1 =X {1} +BRUKL+L, [ I#PHI (K2 +L¢d)

K1=K1+6 X
CONT INUE - UEIBILITY ORTHE
CENTINUE gEradDy

1 . . h R
IF{¥1.67.0) GO TO 98 oRInEiAl PAGE 5 POO

FORYM LLCAD FOR MODE J (SCRIPT F)

5CRIPF=0.

XS=FTABLE(l .1}

N=1 )
FF=TBLP(FTABLE(1,1),FTABLE({1,2),FREQ(J}+XS+LFTBL,NsNM}
CO=TEBLPIFTABLE{L1+1},FTABLE(1+3),FREQ(JI}+XS+LFTBLsNsM)
0C 80 I=1,LID

00 70 K=1,L6G

IF{KGRID{K}NELIDF(I}Y GO 7O 70

FCRM PSD LOAD

Kl={K-1}%6

DO 60 L=1,3
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GO0

oo aOnn

aoa

56

60
T0

30
96

98

160
200

220
300

IFIKINDFLLELD) GO TA 54

SCRIPF=SCRIPF+FFEPHI(KL+L,J)#%2+QQ¥PHI(KL+L #3,J)%%2
GG TO &0
CONTINYE

ORDINARY LOADS

SCRIPF=AMAXL (SCRIPF, ABS (PHT(K1+L,J 1) *FF)}
SCRIPF=AMAXL(SCRIPF,ABS({PHI{K1+3+L,J}1%QQ])
CONT INUE

GG TC B0

CONTINUE

CONT INUE

CONTINUE . .
TRIKXINDF.LE.O) GO TO 98

SCRIPF=SQRT{ 0.53+FREQ{JIFVDAMP(JI=SCRIPF

COMY INUE ;

A=SCRIPF/ (Z.*=DANPLSIRFREC(J)FFREQ(JI*CGMASSLLY)
TF{¥1,NE.Q) A=ARPHI{KMN,J}

CQ 100 I=1.,3

SCR{J,LI=X{L}*A

CONTINUE

[FIM1.EQ.O0} GO TO 220

CALL PRPLTI 34SCRyFREQ, IOFREQ)NFREQ+MLN1,0+0)
G0 TO 309

CALL PRPLTH 44SCR,FREQ, IDFREQsNFREQ+0+0,0,0)
CONTIRUE

RETURN

END

SUBRCUTINE GAGD{DIM,COUT,IC,D,X, IDFREQ,LFREQ,F2,FREQ,GHASS)

ROUTIME TO READ USER SUPPLIED DAMPING AND ADD TO
DAMPING MATRIX FROM -NASTRAN

ODIN~UNIT CONTAINING NASTRAN MATRIX BHH
DOUT-UNIT TO COMTAIN NEW MATRIX
ID 04 X-SCRATCH ARRAYS

INTEGER DIN,DOUT

DIVMEMSICN FREGQ(L)},GMASSIL)

DIMENSION ID(1},0(1),X{1),IDFREQ(1},JJ(4)+BB(4)
DOUBLE PRECISION AA°

READ IN USER SUPPLIED DAMPING

COMNCN/FACTCR/CFAC,ALFL,ALF2
LIn=0

REAL{S+91 {(JJ(L},BB8(1}, I=1,4]}
FORMAT( 4{I10,Fl0.0) }

D0 14 I=1.,4

[FIJJ(TI1.LELQ) GO TO 20
LID=LID+]

IDILIDI=33(1)
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http:REAO(5.9q

14

20

201
202
23

21
2z

24

400

28
39

31

32

321

33

37

401

40
- 20

g{LiDi=88{(0)

CCNTINUE

GO TO 8

CONTINUE

IFILIC.EQLOY GO TO 24
WRITE(6422)

ba 21 I=1,LID

DO 201 J=1,LFREQ
IF(IDII) o NELIDFREQ(JINIGO TO 201
DITI=D{I}*FREQ{J])*=GMASSIJI*2.
GG TO 202

CCONTINUE

WRITE(6,23) ID(I)+D(I1+0DITI
FORMAT{ T&sy ELS5.5y E17.5 1}

DII}=DILI
CONTINUE
FORMAT{ 28HLUSER SUPPLIED DAMPING TERMS /
38H ID INPUT COEF. DAMP ING TERM )
CONTINUE
REWIND OIN

REWIND DCUT
WRITE{6,400] F2,DFAC
FORMAT( S9HLINASTRAN MODAL DAMPING MATRIX {B8HH), SCALED 8Y THE FACT

XORS 4+ El2.4s 6H AND , ElZ2.4 /
X SHCMOBE, 30X, oHVYALUES )

L=1

10X=1DFREGIL)

REAGIDINLSEND=90) AA,Js¥K,LL

IF(LL.GT.0) GO TO 32

CO 31 I=1,d

X(1)=04

LL=d

GO TO 321

CCNTIAUE

REAC{DIN) {X{T),1=1,LL)

CONT INUE THE
1F{JuLT.ICX1GG TO 30

IF(J.EQ.IDX1GQ TO 33 : gmﬁmmﬁm@g@%
STOP 98 ORIGIHIAL PAGE
CONTINUE

00 37 i=1,LL

X(11=X{ 1) *F2%DFAC

IFIFOD(L3)EQel JAND.L.NELLY WRITE(6,400) F2,DFAC
WRITE(6,401) Jp(X[1)sI=1,LL)

FORMAT (LHO,13,5X,8E14.5 / (9X,8E14.5))

IF(LID.EQ.0) GO TQ 50

OC 40 1=1,LID

TF(ID(I).NE.IDXIGO TO 40

X{J)=X(J1+ BLL]

GG TC 50

CONTINUE

WRITE(COUT)} AAsJsK4LL

WRITE{DCUT) (X(I)sI=L,LL}

L=L+1

IF{L.LE.LFREQ) GO TO 28
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http:IF(VOO(L,3).EQ.1.AND.L.NE.11

39

90 REWIND DCUT
RETURN
END
SUBRCUTINE NTREAD{MO,AAsAS,I,J,IDIM, IRWD,55,1IU,52,ISUC,IPREC,KIND}
CONMMON/NOUTU/ LOUT
COMMON/ XXUNPA / LSP
INTEGER AA{2),AS{IGIM,11,55(13,52(1),COLEND
DATA IEOF/*EOQF '/,IEND/'ENDDY/,COLEND/ZOOFFFFFFR/
DATA KL/4/+s IPRNT1/9/, ITRLR/Z000G10000/
INTEGER*2 KXO(2)KK2
EQUIVALENCE IKKK,KKO{L1)),(KKZ,KK0{2)}), (IPRNTL, IPRINT)
M1l=M0-3 )
MENC=M1-2
IF{IRWD.EC.O}GC TO 22
REWINOG LU

20 CONTINUE
CALL RX[SS{1l),ML,IU,I1}
Kl=4
IF{{I.LT.0}GO T8 960

22 CCNTINUE
MBLOCK=55{11

30 CONTEINUE
LL=SS (K1)
L=LL/4
[F{L.EQ.C)} GO TO 900
IF{L.NE42)GC TC 38

ENCOUNTERED FLILE NAME——COMPARE WITH AA
WRITE(IPRNT1,11SS(KL+1)Y,5S5{KL+2)

1 FORMAT( "OFOUND FILE '» 2A48 1)

38 CONTINUE
IF{SS{KL+1}JNE.AA(L)IGO TO 40

POSSIEILITY OF NAME BEING CONTINUED TO NEXT BLOCK
IF{L.NE.1) GO T4 39
IF{Kl.NE. {MEND-1}} GO TQ 39

INPUT NEXT BLOCK
CALL RX{5S{1),Ml.IU,[1}
[F{II.LT.0)GO TO 960
NBLOCK=55(1]}
K1=4
LL=55(4)
L=LL/4
[FIL +EQ.O) GO TO 900
IF(SS{KE+1).EQ.AA(2)) GO TO &0
GO 70 40
CONTIMUE
[F{SS{K1+21.EQ.AA{2))GO TO 60

40 CONTINUE
IF{LL.NE.IEOF)GG TO 46
WRITE(IPRATL 2)

2 FORMAT{ '0%% EQF %% }
Kl=K1+1
GC TC 48

46 CONTINUE
IF{LL.EQ.TEND}IGD TQ 20

SKIP CGVER LCGICAL RECOREL
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PVEC 0839
PVECOG 40

PVECO841
PVECD842
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PYECDB44
PVECOB45
PVECDB46
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PVECO85C
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PYECO855
PVEC0836
PVECQ857
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PVECD859
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PVECDB6L
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PYECO864
PYECUB65
PVEC0866
PVECOB&7
PVEC0348

PVECO0849
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PYECO8T1
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PVECO8T74
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PVYECOBTS
PVYECOBTY
PVECOBTS
PVEC08TY
PVECDB80
PVECOB81
PVECODgE2
PVYECO883
PVECOB B4
PVECOBES



¢

OO0

48

47

CONTINUE
Kl=K1+L+2
CCNTINUE
IF{K1I.LT.MEND)SG TO 30

CHECK POSSIBILITY OF UNUSED WORDS AT END OF BLOCK

50

61

62

&4

OC 50 I1=Kl,M1

L=5S5(11}

TF{L+EQ.IEQOF} WRITE{IPRNTL,2)
IF{L.EQ.IEND) GO T3 20
CONTINUE

GO TO 20

CONTIMNUE

FOUND REQUESTED FILE

WRITE{IPRNT1,3) AA,NBLCCK
FORMAT( *COEGIN PROCESSING FILE 'y 2A4y ' BLOCK NO. ="', 14 )
i=0

J=90

K1=K1+L+2 -
[F{K1.LT.MENDIGO TO 41

CALL RXI(SS{1)sMLs1iUsEL)
IF{IT.LT.Q)GO 7O 960

Kl=4

CCNTINUG

L=S5tK1)

IF{L.EQ.IEOQFIGD TO 8¢0
L=L/4

GO TO {62,200,62+200), KIND
CONTINUE

PROCESS FILE AS PACKED MATRIX
CHECK FOR MATRIX TRAILER AND CHECK 70 -
SKIP GYER 4—WORD PREAMBLE OF PLOT VECTORS (E.G. PPHIG)

KK=1

CONTINUE

Ki=K1+1

L=1-1

IF(L.LT.0} GO T 382
JJ=55{K1}
IF{JJLEQ.COLENDIGO TGO TO

STORE TERM IN SCRATCH

70

S2 (XK)=JJ

KK=KK+1

GO TO &4

CCRTINYE'
SZ{KK)=COLEND

J:J +1

IFIKINDLEC.3)G0 TO 74

UNPACK COLUMN J, STORE IN AS

CALL XXUNP{AS{1,J),S52(1),M,IDIM,IPREC)
IFIM.GT.I}I=M
GC TC 80

T4 CONTINUE

PVECOBSE6
PVECOBSBY
PVEC(O828
PVECOBE9
PYECOB90
PVECO3S1
PVECOGI2

PVEL08SY
PVECOB9I5
PYELOB9S
PVEL0Q897
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PVEC0O8S9
PVECO9GO
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PVECO90b
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PYECO912
PYECO913
PYECO9 L4
PYECO915
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PYECO9I19
PVEC(O920
PVECO9321
PVECD922

PYEC Q924
PYEC0925
PVECGI26
PVECO927
PVECQ928
PVECO929
PYECGS3C
PVECO9ZL
PYECQ932
PVECO933
PYECO9 34
PVECO93S5
PVEC09356

PYECG938



UNPACK COLUMN J,

80

82

IFIM.GTI)I=M
WRITE{IUOUTY) AAsJ, IPREC M
IFILSP.EC.OIGO TO 8O
WRITE(IOUT) (AS{N.1)sN=1,LSP]
COMTINUE

KK=1

IFIL.GT.Q)Y GO TA 62
Kl=K1l+!

Kl=K1+1

L=5S(KL}

[FILEQ.IE0FIGOD TO 100
L=L/%

IF(KL.LT.FEND} GO TC 62

[NPUT NEXT BLOCK

150

CALL RXI[55{1),F1,IU,11]
IF{II.LT.0)GO TO 950
Kl=4

L=53{KL)/4

GO0 TO 64

CONTINUE

C GET ROW SIZE FROM MATRIX TRAILER

c
Cx
c

200

202

220

KKK=82({1)
T=KK2

GO 70 800
CCNTINUE

PRGCESS FILE AS TABLE

J=J+1

M=d

IF{KIND.EC.4)M=1L

KK=0

CONTINUE

Kl1=K1+1

L=L-1

IF{L.LT.D1GO TO 220
KK=KK+1

IF{IDIM.LT.KK) GO TC 940
AS(KKMI=5S5(K1}

GG TQ 202

CCATINUE

JJ=5S5{K1}
IF{KK.GT « 1) I=KK

Kl=K1+1

L=S5{K1)
IF{L.EQ.IECF}GO TO 250
L=L/4

TF{K1.LT.MENDIGO TQ 230
CALL RX(SS{I}sML,IU,1I])
IF{IT.LT.0)Y60 TG 960
Kl=4

E=SS(K1l)/4

CUTPUT €N UNIT T0OUT
CALL XXUNP{AS{1+1)452{1}+M,IDTM,IPREC)

C CHECK IF LAST RECORD WAS CONTINUED'
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PVECGSS3
PVECO9 34
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PVECO95T
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PVECO962
PYECOSE3
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http:IF{IOIM.LT.KK

230

250

840

900
cC

cc

Jiun

949

X

960
ccC

ce 6

996

999

QOO0

R@#@Dﬂwﬁw‘w B THB,
QRIGIMNAK

11=MOD(JJ.2})

IF(Il.NE,OIGD TO 202

CCNTINUE

IF(KIND.EC.2)GD TQ 200
WRITE(IOUT} AA,J.KK

WRITE(IQUTY {AS({II,11sy II=1+KK)
Ga 70 200

CONTINUE

IF{KINDLEQ.2)GO TO 800
WRITE{ICUT} AA,J.KK

WRITE{IOUT) {AS(II,1), IL[=1,KK)
CONTINUE

WRITE(TPRNTL %)

FORMAT{ *JFINISHED PROCESSING?! )
GO TO 999

CONTINUE

WRITE{IPRNT1,5)

WRITE(LPRINT,5} TU

FORFATU '0%x* ENC OF CATA ON TARE *¥' |}

FORMATI{ '0%% END OF DATA ON TAPE *%¥ UNIT=,13 }
GO TAQ 995

CONTINUE

WRITE(CIPRINT,7) AA,IU,.IDIM

FORMAT{ 'Q%% SCRATCH SPACE REQUIRED BY XFETCH T3 PROCESS '+2A%,
t ON TAPE UNIT',13," IS GREATER THAN *,1I10,'WORDS' 1}

G0 TO 9954

CANTINUE

WRITELIPRNTL1:6)

WRITE(IPRINT+6} 1IU

FORMATL 'G#% PHYSICAL END OF FILE #%¢ )

FORMAT{ *O%% PHYSICAL END OF FILE #*% UNIT=7,13 }

CCNTINYE

ISUC=~1

RETURN

COCNTINUE

[5uC=}

RETURN

END

SUBROUTINE RX{AK,IU,T1)

DIMENSION AlK)

[1=1

READ(IU+1,END=9) A

FORMAT{ 1C(200A4))}

RETURN

I1=-1

RETURN

END

SUBRCUTINE XXUNP(C,S5,LC,IMAX, [PREC)

ROUTINE TO UNPACK NASTRAN COLUMN IN 5 AND PLACE IN C
ACCUNULATE LC AS MAX LEMGTH OF COLUMN

DIMENSION C(1},S(1}

INTEGER C.S
DATA LEND/ ZOOFFFFFF /
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PVECQG9T
PYECD998
PVECO959
PVECL0QO
PYEC1001L
PVEC1002
PVEC1C(3
PVECLIOQS
PYECLO0S
PVEC1CCs
PVECLOQT
HAY29 73
PVEC10CS
MAY29 73
PVECLO09
MAYZL 73
MAY3L 73
HAY31 73
MAY3L T3
MAY3L 73
PVECLO10
PVEC1011
MAY29 73
PVEC1012
MAYZ29 T3
PVECLCL3
PVECLOLL
PVEC1O15
PVECLlClé
PVECLIO LY
PYECLIOLSE
PVEC1Q19
PVECL1020
pPYECL021
PVEC1O22
PVYECL1023
PYECLO24
PVECLO25
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PVEC1028
PVELLC29
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PVEC1C32
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PVECLO36



20

22

23

24

25

28

30
32

40

42
44
45
46

a7

50

COMFON/ XXUNPA / LSP
LSP=0

1C=0

DO 20 I=1,1MAX
C(1)=0
IF{S{L}.EC.IENDIGD TO 96
1B= [PREC+2%5(2)-2
IF(IB.6GT.4)GC TO 100
GO TO (22,23,24,25), B
S.P. TO S+Pe

KL=1

K2=1

GO TO 28

S.P. T0 D.P.

Ki=L

K2=2

GO TO 28

D.P- TG S.p.

K1=2

K2=1

GC TC 28

D.P., TG D.P.

K1=2

K2=2

CONTINUE
[1={S{1}-1)%K2+1
1=6-K1

CONTINUE

I=1+K1

CENTINUE

J=5(1)
IF{J.EQ.IENDIGO TO 90
IF(JLLE-0IGO TOQ 40
IF(J.6T.1ENDIGE TQ 40
[T={J-1)=K2+1

1=1+1

GG TC 32

CONTINUE

CHInY=g |
IF(18.LT.4)GC TO 50
IF(IB.HE.4)GO TO 42
C1I+1)=S{I+1)

GC TC 50

CONTINUE

GO TO {44,45+46,4T7), 1BD
CIT+1)=S (F+1)

GO TC 50
Cl1I+2)=S(1+1)

GO TG 50
CIIT+1)=5(1+2)

GO TO 50
CIT+1]=S(1+1)
CIT+2}=511+2)
CLIT+3)=5{1+3}
CONTINUE
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OGO O0n

N aNe Rl

340

96

100

122

123

124

125

Ll o

II=11+K2

GO TO 30

CONTENUE

LSp=11-1

LC=LSP/K2

CONTINUE

RETURN

[BB=IB=4%

GG 74 (122,123,124,125), BB
CCMPLEX S.Ps TO S.P.
Kl=2

K2=2

GC TC 28 .
COMPLEX S.P. TO D.P.
Kl=2

KZ2=4

GC TO 28

COMPLEX DeP. TO S.Pa
Kl=4

K2=2

GO TO 28

COMPLEX 0.P. 7O D.P.
Kl=4

K2=4

GO T4 28

END

SUBRBUTINE ADMIT(IDFREQ,FREQ+GMASS sDAMP,LFREQsPHI,LPHIKGRIDsLGy
X Jdds IX X, KKK)

THIS ROUTINE CALCULATES OISPLACEMENT AND/OR VELOCITY
ADMITTANCES, DEPEMDING ON THE VALUE OF NGPT
NCPT=%, DISP
NOPT=5,+ VEL
NOPT=6, BOTH

DIMENSION FREQIL) .GMASS(13,0AMP (L), IDFREQ{L)},PHI(LPHIs1),
X KGRID(10C,21,X{1},IX{2,1),IDUM(8),0UM(8),JJd(1)
EQUIVALENCE (IDUM(1}l,0UMiLl))

DOUBLE PRECISION AA

COMNMBN/SYSCTL/ NOPT

COMMONSCADMIT/ KKD»KKVNBETA

KKD=61

RKV=62

NBETA=0

IDFRD=1

{vFRO=1

JOFRD=IDFRD~1

IF{ACPT.EC.5) GO TO 20

INPUT FREEDOM PAIRS FOR DISPL ADMITTANCES
ORDER IS RESPONSE/INPUT FOR EACH PAIR

READ{5,1) IDUM

FORMATIBIIO )
0G & [=1,7+2
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OO0

OO0

QOGO

QOO

20

24

25
28

40

42

IFTIDUMIT).LE.O) GO TO 8
CALL FCHK{IDUM{LYKGRIC,LG,J)
IF{J.NE.O)} GO TQ &
JOFRD=JOFRD+1
IX{1.,JOFRDI=T0UM{T)
1X{2,J0FRO}=ICURL[I+1)
CONTINUE

GO TO 4

CCNTIRNUE

IVFRD=JDFRD+1
L=2=%JCFRD+1

CCONTINUE

JVFRD=IVFRD=-]
[F{NGPT.EQ.4) GO TO 40

INPUT FREEDOM PAIRS FOR VELOQOC ADMITTANCE

REAC(S,1} 1DUM

D0 26 T=1,712
IF(ICUM(T).LE.O) GO TO 28
CALL FCHKUIDUNM(L}4yKGRID,LGy )
IF{J.NELO) GO TO 26
JVFRD=JVFROD+1
IXILsJVFROI=IDUM(T)
TX(2,JYFRDI=IOUMIT+L)
CONTINUE

G TO 24

CCNTINUE

L=2%JVFRO+1L

CONTINUE

DISPL FREEDOMS ARE 1X! ,IDFRD} THRU TX{ ,JDFRD)
VELGC FREEDOMS ARE  IX{ ,IVFRD) THRU IX(U ,JVFRO}

FORM LISTS OF UNIGQUE IMPUT AND RESPONSE FREEDOMS

INP=L ’
CALL ALIST(IX(1,IDFRD}sJOFRD~IDFRD+#1,IX{1l, [VFRD}yJVFRD~-IVFRD*1,

X X{INP JSLINP,2)

L=L+#L INP

IRES=L

CALL ALIST{IX!{1,LDFRD),JOFRD-IDFRO+1,IX(1,IVFRD),JVFRD-IVFRD+1,
X X{IRES)HLIRES,1)

L=L+LIRES

SCRATCH AREA FROM X (L}

READ IN GAMMAl AND GAMMA2 FOR SELECTING POTENTIAL COUPLING MODES
REAC(5,42) GMAL,GMAZ

FORMAT( 8F10.G )

LTEMP=L

READ SET OF INPUT FREQUEN. FOR wHICH ADMITTANCES ARE TO BE CALC.
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Oa0

o000

OO0

O OO

54

58
60

&2

54

READ(5,42) OUM
00 600 II:1=1,8
L=LTE#P

BETA=DUM{ILT) .
IF(BETA.LE.O) GO TO 604 t{b.“twl)%
NBETA=NBETA+1 GRigiNaY

FIND NODE YWHOSE FREQUENCY IS CLOSEST TO BETA

Azl - E6

03 54 J=1,LFREQ
B=ADS(FREC{J)}~BETA)
IF{B.GE.A) GO TO 54%
I=4

A=B

CONTINUE

DETERMINE THE SET OF POTENTIAL COUPLING MODES.

IF(GMAL.GT.0 .OR. GMAZ.GT.0)} 60 TO 60
DO 58 J=1,LFREQ

JIdtdi=1

GO 10 80

CONT INUE

00 62 J=1,LFREQ

JJILI1=0

[D=IDFREQ{T}

JJJtIr=1

READ COLUMN ID OF DAMPING MATRIX

REWIND KKK

READ(KKKLEND=75) AA.J,K,LL
IF{LL-EGs9) GO TO &4
READ{KKKY {X(L+KK}s KK=1leLL}

CIF{J.ME.ID) GO TU 64

70

75
280

84

CHECK FCR MODES SATISFYING SELECTTON CRITERIA

00 Y0 J=1,LFREQ

IF(BETA/FREGIJ) .LE. [1.-GMA2=DAMP(J}] } GO TO 70
IF(BETA/FREQ(J} GE. {(1.+GNMAZ=0OAMP(J)) ¥} GO TO 70O

IF{X({L+ID).EQ.Q) GO TO 7C
KK=1CFREQ(J)
IFTABSINIL+XKKII/XIL+ID) LE. GMALl)Y GO 7O 70O
JJI{di=1

CONTINUE

GC TC 80

STOR 7%

CONTINUE

MSLIZE=0

b0 84 J=1,LFREQ
IF(JJIJ{J)aNELO) MSIZE=MSIZE+]
CCNTTINUE

303

BUILD ARRAY JJd
SO THAT FOR X—TH MODE, JJJI(K)=1 MEANS COUPL, =0 MEANS NOT


http:IF(J.NE.1O
http:IF(2.GE.A2
http:IF(BETA.LE.03

[aNu R x

OO0

COnao

IF{MSIZE.GT.1) GO TO 87
WRITE(6,861 BETA
g6 FORFATI36HONG MCDES COUPLE FOR INPUT FREQUENCYs El5.56 )
GG To 600
87 CONTINUE
I1A={L/2)%2+1
MSIZE2=2%MSIZE
TIB=L+MSTZE*MS1ZE2Z
TIC=1133%#SI IERMST ZE2
IFINCPT.EC.S) GO TQ 300

CALCULATE DISPLACEMENT ADMITTANCES

DO 90 J=11A,118
90  X{J)=0.
LL=T1A
B0 99 J=1.LFREQ
IF(JJI0J).EQ.0) GO TO 99
XILLI={FREQ(J | ¥*%2-BETA®®2}GMASS{J)
X{LL+1}=0.
Li=LL+MSTZE2+2
99 COMTINUE

FORM B MATRIX FROM X{IT8}

REWIND KKK

L=£18

00 120 J=1,LFREQ
IF(JJJILJY.EQ.Q)Y GO TG 120
KK=IDFREQLJ)

103 READ(KKRY AASTI.X,LEL
[FILLLEQ.OQ}GG TO 103
READ(KKK) {X{LIC+K}s K=1,LL)}
IF{II.NE.KK) GO TO 103
D0 108 ¥X=1,LFREQ
[F{JJIIK)EC.QIGD TQ 108
KK=1DFREQ{K)
X{LI=X T IC+KK Y *BETA
X{r+1l)=0.

L=p+2

108 CONTINUE

120 CCNTINJE
TiD=TIC+MSIZE*MSIZE2
IIE=1LID+M4SIZESMSTITIEZ
IIF=11E+MSIZEZ
IIG=1IF+MSIZE2 -
CALL MCRPPIXIITIA},XUTIBY+X{TIC) ;R(LID} MSIZEZX{TIE) «XTTIF}X{11IG)Y .

MATRIX C RETURNED AT X{IIlA)
MATRIX D RETURNED AT X{1I[3)}

CALL ADML(X(I1IA},LLY, MSTZE,PHI,LPHT, X{INP)},LINPs X(IRES),
X LIRES,X{IIC)+JJJ,LFREQ,KGRID,LGY

[iD=11C+LLL

CALL ADML({XUIEB).LLY, MSIZE,PHI,LPHI, XUINP),LINP, XUIRES),
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http:IFIIL.NE.KK

gEpigNalyl

OO0

X LIRESX(11ID),JJJ,LFREQ,KGRID,:LG)
TTE=LID+LL1
CALL ADMQUT({ X(IRES),LIRES,; X{INP}yLINP,X{IIC),X(IID},BETA,X(IIE},
X Ly IX(1,I0FRD) ,JOFRD-IDFRD+1)
300 CCNTIRUE
IFINCPTL.EC. 4} GO TO 600

CALCULATE VELOCITY ADMITTANCE
FORM A MATRIX

L=T1A
REKIND KKK

DO 320 J=1,LFREQ
IF{JJJLJI.EG.Q) GO TO 320
KK=I[DFREQ(J}

303 READ(KKK) AA,IT,K,LL

[F{LL.E3.0) GO TO 3063
READ(KXKK) (X([IC+K), K=1,LL)
IF(1I.NEJKKY GO TO 303
DO 308 K=1,LFREQ
IF(JJJ{K) .EQ.0) GO TQ 308
KK=IDFRZQ{K)
X (L)=X{1IC+KK)
X(L+1)=0.
L=L+2

308 CCNTINUE

320 CCNTENUE

FORM 'B MATRIX

DO 324 J=I18,I1IC
324 X{J)1=0.
L=IIB
DG 34C J=1,LFREQ
IF(JJJIJILEQ.O) GO TO 340
X(L)==GHASS{JI®{FREQ{J} #*7~BETA%*2)/BETA
X{L+1)=0.
L=L+MSIZE2+2
340 CONTINUE
II10=I1C+4S1ZE=MSI ZE2
FIE=FID+MSIZESMSIZE2
TIF=[1E+MS1ZE2
[1G=FIF+MS12E2
CALL MCRPC{X(ITIB) yXIITAY 4X{IIC)+X{IIDY 4MSIZESX{IIEY4X(IIFIX{ILIG))
CALL ADML{X(LIB)},LL1,MSIZE,PHI,LPHI, X{INP),LINPs X{IRES),
X LIRES,X(IIC),JJJ;LFREQ+KGRID,LG)
IID=1IC+LL1
CaLl ACML(X{IIA),LL1,MSIZE,PHI,LPHT, X{INP),LINP, X{IRES),
X LIRESX{II1D)+JIJsLFREG+KGRIDyLG)
IIE=1ID+LL1L ’
CALL ADMOUT( X({TRES),LIRES,y X(INPY,LINP,X{IIC)+X{IID)BETA,X{ILE),
X 2,1X11, IVFRD) s JVFRD=IVFRD+ 1)
600 CONTINUE
GO 70 50
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http:IF(II.NE.KK

604 CONTINUE
c

. C RE-SORT ADMITTANCES AND PRINT
C

JJ=0
[F(NOPT.EQ.5) GO TO 608
CALL ASORT(KKDLaX{JJ+1)aX(JI+401),X(JI+401+NBETA) 4NBETA)
608 IF(NQPT.EQ.4) GO TO 612
CALL ASORT(KKVs2:XUJJ+1)sX{JJ+401) 4 X(JJ+401+NBETA) 4 NBETA)
612 CONTINUE ;
RETURN
END .
SUBROUTINE ADML{CDsLL,MSIZE,PHI,LPHE, INPF,LINPF,RESF,LRESF+XsJJJs
X LFREQ,KGRID,LG)
BOUBLE PRECISION CD
DIMENSION CDIMSIZEsMSIZE),PHI{LPHI,1),X(1}
INTEGER INPF{L},RESF(L},JJJ(L),KGRID(100,2)
LL=LINPF*LKESF+1

FORF (CD)*{PHI 1)TRANSP

OO

L=LL
DO 20 J=1,LINPF
M1=INPF{J}/10
N1=MOD{INPFE(J),10)
D0 8 K=L;L6G
IF(XGRID(K,1).NE.M1) GO TFO 8
KR={K—-L}#&+N]1
GO TO 10
8 CONTINUE

10 CONTINUE
DO 20 [=1L,MSIZE
A=0. e
JJ=0
DO 18 K=1l,LFREQ
IF(JJIIKILEQ.O) GO 7O 18
Jd=JdJ+l
A=A+CO{ I, JJI=PHIIKK,K]

18 CONTEIMNUE
L=L+1
X(L)=A

20 CONTINUE

FGRM (PHI R} %= 1 '}

OO0

L=0
DO S0 J=1,LINPF
00 50 I=1.LRESF
M1=RESF{I})/10
MI=MOB(RESF(I),10)
DD 28 K=1,LG
IFIKGRID(K,1)«NEJM1} GO TO 28
KK=(K=1) *&+N1
GO TO 30

28 CCNTIMNUE
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http:IF(KGR[OC(K,1).NE.Ml
http:IF(KGRID(K,1).NE.MI
http:IF(NOPT.EQ.41

oo

30 CONTINUE
JIS{I-L)*MSTZE+LL
A=0.
DC 40 K=1,LFREQ
[FIJJJIKD}.EQ.Q)CGO TCO 40
Jd=JJ+l
A=A+PHI (KK ,K) 2X{JJ}

40 CONTINUE
L=L+1
XLI=A

S0 CONTINUE
RETURN
END
SUBROUTINE ADMOUTI{RESF,LRES, INPF,LINP,CDOP,DDP,BETA,X,KK4IF,LIF]

PRINT AOMITTANCES, OQUTPUT AOMITTANCES FOR LATER SORT

CIMENSION COP(LRES+LINP}sDDP(LRES,LINP)X{1),TITLE{3,2] 0UTREC{5}
INTEGER RESF{l}),INPF{l},FRDML,FRDM2Z,IF{2,1)
EQUIVALENCE (FRDM1,0OUTRECI(1}),{FROM2,0UTREC{2}1), (AMP,0OUTREC(41}),
X {PHASE,DUTREC(S))
DATA TITLE/4HDISP,4HLACE,4HMENT,
X 4H »4HVYELO,4HCITY, /
COMMON/CADMIT/ KKD,KKY
CUTREC(3}=BETA
DO 40 II=1,LIF
FROMI=IF(1,1IT)
FROM2={F{2,11)
DO 10 I=1,LRES
[F{ FRDM1 .MNE. RESF(I)} GO TO 10
K=1I
GG 76 12
10 CONTINUE
12 CONMTINUE
DC 30 J=1,LINP
IF{ FROMZ .ME. TNPF{J4)}) GO TO 30
AMP=SQRTICOP{K,J)*%2 + DDPIK,J)%%¥2}
PHASE=ATANZ [(DBP(K,J),CCP{K+J])¥5T7.29578
IF{KK.NE. L} GO 7O 20
WRITE DISPL ADMITTANCE
WRITE{KKD] OQUTREC
GO TO 25
20 CONTINUE
WRITE VELOC ADMITTAMCE
WRITE{KKV) OUTREC
25 CONTINUE
WRITE[G6+27YITITLE(T+XK],I=1,+3),0UTREC
27 FORMAT( 1X,3A%4,T ADVMITTANCE., RESPONSE/INPUT FREEDOMS =7,216,
X ¢ BETA =t3E14«Ty * AMPLITUDE,PHASE =%, 2E13.5 )
30 CONTEINUE
40 CONTINUE
RETURN
END
SUBREUTINE ALISTUIFRL+L1» IFRZ+L2sLIST,LLK)
OIMENSION IFR1(2,1},1FR2{2+1),LIST(L)
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34

20
22

30

40

10

20

30

100

LL=0

IF(L1.EQ.Q) GO TG 22
LL=1
LISTI{LI=IFRL(K4l)
DC 20 T1=2,L1
J=IFR1(K,1)

DE 12 M=1,LL
IF{J.EQ.LEST (M)
COMTINUE

LL=LL+1
LISTILL)=d
CONTINUE
IF({L2.EQ.0) RETURN

Bt 40 1=1,L2

J=IFR2(K, 1)

CO 30 M=1l,LL
IF{JLEQ.LISTIM}) GO TO 40
CONTLMUE

Li=LL+1l

LISTILL)=J

CCNTINUE

RETURN

END

GO TO 20

origait £

SUBROUTINE ASORT{KKK ,M,FROM,BETA,X,NBETA)

INTEGER FRDM{2,L1+F1,F2
DIMENSION BETA(L}.X(1},REC(5)
DIMENSICN DZ1{300C),DZ2{300)
EQUIVALENCE
BL=0.

L=0

REWIND KKK

READ (KKK, END=100} REC
IF{E.EQ.BL) GG 7O 10
BL=8

L=L+1
BETA({L)=B
LFRD=0
CONTINUE
IFIL.GT.1)
LFRB=LFRO+1
FROM(14LFRD}=F1
FROM(2,LFRD)=F2

GC TC 30

CONTINUE

LFRO=LFRD+1

CCNTINUE
LL={LFRO-LI*=NBETA*2
X{LL+L)=REC(4)
XILL+L+NBETA)=REC(5]
GG TO 4

CCNTINUE
LL=LFRD®=NBETA%2
PP=LL+NBETA

DG 20C I=1,LFRD
K={[-1}*NBETA%2

GO 7O 20

308

(F1+REC{1)1,(F2,REC{2)),(B,REC{3}),{R,IR)


http:IF(8.EQ.BL

[aEs ARl

DO 110 J=1,NEETA
IR=J
RlLL+JI)=R
110 X(MM+J P=X{K+J)
CALL FSHELL{X(MM+1),X{LL+Z*NBETA+1),NBETA)
CALL SHELLX(XILL+L),X{LL+2ENBETA+1) #NBETA)
DO 120 J=1,NBETA -
R=X{LL+J)
120 X{MM+IR }=MBETA-J+1
IF{M.EQ.1}) WRITE(SH,121) FROM{L, [},FROMIZ2+1)
[F{MJEQ.2} WRITE(6,122} FRDMIL,I),FROM{Z,1])
121 FORMAT(42HIDLISPLACEMENT/ACCOLERATION ADMEITTANCES FOR:I7,1H,,16)

122 FORVMATIL 33HI VELOCITY ADMITTANCES FOR, IT, 1H,» 16 )
WRITEL6,123)

123 FORMAT(LIHMOs 27X, 2THOISPLACEMENT DISPLACEMENT ]
X 6X 4 ZTHACCELERATION ACCELERATION /
X 5TH FREQUENCY RANK AMPLITUDE LEAD PHASE ANG.

X SX28HAMPLITUDE LEAD PHASE ANG. }
DO 140 J=L,MNBETA ) =
Z1=ABS{N(K+ I I #BETA( Y =2
IF (X{K+J+NBETA).GT.0. ) GO TO 127
Z2=X (K+J+NBETA}+1E80.
GC TC 128
127 Z2=X{RK+J+NBETA)~180.
128 CONTINUE
0Z1{4)=1L1
DL2(33=22
131 FORMAT{ E15.7,F6.0+2(E18.4%, EL5.4) )
140 WRITE(6+131) BETALJ) +X IMMFI) s XIK+J )¢ X IK+IENBETA) 121522
[F{M.EQ.l) CALL PRPLT(5 +X{K+1)sBETA+BETA,NBETA,

X FROM(Ly11+DUMFROMIZ,1),0UM)
IF{MP.EQ.L) CALL PRPLTI(S ,X(K+NBETA+L)+BETA,BETA,NBETA,
X FROM{1,1),DUM,FRDM(2,1),0UR)

IF(M.EQ.1) CALL PRPLT(7 ,0Z1,BETAyBETA,NBETA,
hd FROM{ 1, 1),DUM,FRDM{2,1),DUM)
IF{M.EQ. LY CALL PRPLT{8 ,NZ2,BETA,BETA:NBETA,
A FROM{141},DUM,FROM{Z 1Y ,DUM)
IF{MeEQ.2) CALL PRPLTI9 4A{K+L)YsBETA+BETA,NBETA,
4 FROM{L, I}, DUM, FROM{2: L) ,0UM}
IF(MLEQ,2} CALL PRPLT{LIO0,X(KtNBETA+1)BETABETA,NBETA,
X FROM{ 1411 sDUMSFROMIZ,1),DUM)
200 CCOCNTENUE

RETURN

END

SUBRCUTINE MCRPP{A,8,51,52,NC,53,54,55])

DOUBLE PRECISIDM A,B,S51,52,54%4,55

DIMENSION AING,MNCY,BINCyNCYSLINC,NCY,,S2INC,NCY»S3(NC)Y»S&INC)
A £ SHINC4NC)

INTEGER S3

S3{11=NC

S3{21=0

INVERT B INTO S5

CALL DGM1{&900,8,52,55+NC+33+54)
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http:IF(M.EQ.21
http:IF(M.EQ.21
http:IF(X(K+JNBETA).GT

o0 Aot

o0

[zEnExl GO0

20

30

40

44

45

9co

X

FORNM AB(INV} IN S1

DO 20 I=1,NC

DO 20 J=1,NC

SL{1:J)=0.

DO 20 K=1.NC
SLUL+J3=S1{LsJ}#+A(I,K)=S5({K,yJ)

FORM { B + Sl#A } 1IN 52

DC 30 I=1,NC
00 30 J=1,NC
S2{1+J)=810L,J}+S1LT,J)}*A03,4)

INVERT S2 IN S2

S3(1)=NC

$3(2)=0

CALL DGML{E900,52,A:532,:NC 53454}
BC 40 1=1,.,NC

0O 4Q J=1,NC

A(I,3}=Ca

DO 40 K=1,NC

Al JV=A004Jd) + S2(1,K}*%S1{Ksd)
DO 44 I=1.NC )

DC 44 J=L.NC

SZ2{I,J)==52({1,3}

MATRIX € IS IN Ay MATRIX D IS IN 52
STORE D IN 8

DO 46 I=1.NC

CC 4&6 J=1,NC

BllsJd)=852(1,3)

CONTINUE

RETURN

sSigp 31

END -

SUBROUTIMNE MCRPQL{AR+S1,82,NC483,454,55])

DOUBLE PRECISICN A4,B,51:52:+54,+55

DIMENSION AINC,NCYsBINCINCY 4SYINCsNCY +S2INCyNC),S3(NC),S4(NC3
2SS IMCINL Y

INTEGER 53

S3{1)=NC

33(2)=0

INVERT B INTO S5
CALL DGHLIEI0Q,BsS2+55,NC453,5%)
FORM BIINV)=A IN S1

0g 20 I=1.,NGC
D0 20 J=14NC
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s N a Xl

Oaono OO0

VOO

L

20

30

40

46

9CQ

18

20
30

S1(1,4)=0.
DO 20 K=1.NC

SLIT,J)=STII,31+55(1,K)*A{K,J)
FORM ( B + A®S1 } IN 82 EEEEQEU@%BA%‘ @g@gﬁh
DC 30 [=1,NC @MMM_ pAGE B M

00 30 J=1,NC
S2(I,+J1=BlL,5)+A(T,13}=%S1{I,})

INVERT 52 IN S2

$301)=NC

$3(2)=0

CALL DGME(EO00+52,A,52,NC,453,54)
DO 40 I=Ll,.NC

DC 40 J=1sNC

B(I,J)=0.

00 40 K=1.NC

B{I+J)=Bill,Jd) =~ S1{I,K}®S2(K,J}

MATRIX 0O IS IN By MATRIX € IS IN 82

STGRE © [N A

D046 [=1,NC

Ba 46 J=14NC

A{T9J1=52{1+3}

CONTINUE

RETURN

5TQP 31

END

SUBROUTINE FCHK{II+KGRID,LG+J)

CHECK TO SEC I[F PAIR OQF FREEDOMS, TI{1)/1I(2)s ARE VALID

DIMENSICN TI(2)4KGRICI(LG)

J=0
DO 20 K=1.2
#=II{K)/L0

00 13 I=1,4L6G
IF{KGRID(I).EQ.M) GO TQ 20
CONTINUE

WRITE{6+3) II

* FORMAT{ 4B8HOIMNVALID PAIR OF INPUT FREEDOMS WILL BE IGNORED 4216}

J=1

60 T8 30

CONTINUE

CONTINUE

RETURN ’
END
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