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FOREWORD

This report presents the results of The Dynamic Test Vehicle Intermal
Damping Study, performed by Chrysler Huntsville Operations, under contract
No. NAS8-21056 to the Aero-Astrodynamics Laboratory of the George C.
Marshall Space Flight Center. Technical coordination for this effort was
provided by the Contracting Officer's representative, Mr. James G.
Papadopoulos, R-AERO-DD.

This investigation of Saturn Dynamic Test results determines damping
characteristics of individual stage and interfaces and develops a method
of correlating these distributions to the vehicle's bending mode damping.
Fulfillment of this scope of work has resulted in a three-mass model to
obtain stage and interstage damping coefficients. This model was also used
to correlate these coefficients with the vehicle bending mode damping. The

method developed reduces modal damping into individual stages and interstage
damping coefficients, |

Acknowledgement is extended to James K. Moore, Chrysler Huntsville
Operations, for his valuable assistance in the final preparation of Section II,
Calculation of Generalized Damping Coefficients, as well as programming and
documenting the damping study ~ phase angle method, Appendix B,
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SUMMARY

Objectives of the Dynamic Test Vehicle Internal Damping Study were (1) to
determine the damping characteristics of the individual stages and interfaces
by utilizing results of the Saturn dynamic tests, and (2) to develop a method
of computing the vehicle's bending mode damping based on the damping charac-
teristics of individuzl stages and interfaces. The method described in
Section II was utilized to obtain the modal damping characteristics of the

vehicle, These values were then related to equivalent stage and interstage
damping coefficients as described in Section III.

Saturn IB, SA-202, dynamic test data was used for the numerical solutions.
This information was used to obtain the percent of generalized damping and
the stage and interstage damping coefficients. The methods used to obtain
the percent of generalized damping were the phase angle method and the response
method. The Saturn IB was modeled as a three-mass system, the three masses
representing three stages. This system was used in conjunction with the
generalized damping to obtain stage and interstage damping coefficients.
FORTRAN IV programs developed for use on the General Electric 415 computer
are included. The percent of critical generalized damping, as computed by
the various methods is 0.287 to 2.26%.
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SECTION I, INTRODUCTION

There has been much dynamic testing of full-scale prototypes of Saturn
flight vehicles, For these tests, the vehicle is suspended vertically and
excited by electrodynamic shaking at the engine gimbal plane. These tests
yield valuable information on the vehicle's dynamic characteristics in
studying the modal damping coefficients as used in the normal mode method.
However, little analytical study has been expended toward relating vehicle
modal damping to damping distributions of individual stages and interfaces.
This study fills this need by:

(1) Determining the damping characteristics of the individual stages
and interfaces by utilizing results of the Saturn dynamic test, and

(2) Developing a method of computing the vehicle's bending mode damping
coefficients based on the damping characteristics of individuzl stages and
interfaces,

The normal mode method is in common use to obtain the response of a
structure to transient loading. This method, as given by Hurty and
Rubinstein (1) and others, transforms the n simultaneous equations of
motion into n independent equations of motion, permitting & solution for
response of the system by superposition. Further, for response of the
system to frequencies not exceeding the first m resonant frequencies, an

- adequate response mode can be fabricated using the first m natural modes,
Each of the transformed equations of motion will have the form
1 [}

+ =
M% Cz + KZ F(x,t)

where M, C, and K are the generalized mass, damping, and stiffness and
F(x,t) the generalized force. The relation between M, C, and K is
K = sz

C = 28uM

]

where w is the natural frequency and { is the percent critical genmeralized
damping.

The first m modes-in this case, the first three-are obtained from the
Saturn IB dynamic test for S-202, pitch and yaw bending., The mass value is
obtained from these modes and the physical properties of SA-202, The damping
coefficient, {, is obtained by one of the methods valid for a single degree
of freedom system. For this study the phase angle method and the respomse
method were used. In addition to damping by these two methods, { has been
computed during the dynamic test program. Damping values obtained in these
three ways are used to obtain generalized damping, C. Thus, for each test

1



condition three values of generalized damping are obtained correspondiag to
the first three modes.

A three-mass model corresponding to the three stages is then used to
transform the generalized damping coefficients into the stage and interstage
damping coefficients. This method establishes the three-point modes corre-
sponding to the three masses.
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SECTION II. CALCULATION OF GENERALIZED DAMPING COEFFICIENTS

A. INTRODUCTION

An indication of the damping in a structural system is the rate of change
of phase angle vs. the rate of change of frequency as recorded by an acceler-
ometer during a response sweep. This information recorded during the SA-202
Saturn IB dynamic test is used to obtain the modal damping or generalized damp-
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structure. First, the damping as indicated at each accelerometer is obtained,
and second, these individual damping coefficients are then assembled into a

modal damping coefficient using the equations of motion for a simplified struc-
tural model.
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B. CALCULATION OF THE RATE OF CHANGE OF PHASE ANGLE vs. THE RATE OF CHANGE
OF FREQUENCY

For each frequency the phase angle is obtained at each accelerometer
location. From the dynamic test data three files at frequencies bounding the
resonant frequency are selected and the phase angles at each accelerometer
location corresponding to the three frequencies are obtained from the data
(figure 1). Thus, for each bending frequency the following information is
obtained (wp is the frequency close to the resonant frequency):

Frequency wy Wy wq
Phase Angle at 61,1 01,2 91,3
Accelerometer 2,1 82,2 62,3
Location i .

8,1 %2 85,3

With this data, the rate of change of phase angle vs. rate of change of
frequency, A8/Mw, may be calculated as the slope from the least square straight
line curve fit. The equation of the straight line is

a0 + alw =0

where a; is M3/ the desired slope.

To calculate 2 and a; the first array must be set up in the form:

1 1
1 w2 62
1 w3 63
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where the first column is a weight column, which is set to unity as all values
are assumed to have equal validity. The elements in each row of the first

array are multiplied by the elements of the second column forming a second
array.

2

Wy W w191
2

@) w, Wy0,
2

s W3 w384

where w2 and 62 are equal to mN and GN, respectively.

The normal equations for the solution of a, and a, are

B a +8B

11 3 ¥ Bp 2 =¢€

1 1
Bgy ag + Byp a1 = Cg

where Bll = 3
By = (wl + wy + wg) .
Cl = (61 + 92 + 63)

=]
N
(X

f

(m% + m% + m%)

O
N
|

= (wlel + w292 + m363)
The solution for ay yields the desired A8/ w.

The damping coefficient (£) at each accelerometer is calculated by

57.3
B
24 A

E =

C. EQUATIONS OF MOTION

Figure 2 is an illustration of the structural model used to obtain the
equation of motion. At each mass an equation of motion will be of the form:
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mi5+Cir+Kw=P° sin wt

P
W+ ¢ w + K w=— gin wt
m m m
- . . K Py .,
+ + = = — wt
V 2§u&\]w o v — sin

or in matrix form:

[ {eh Bead {o o} -1 w0
were {2} -2 |

g s = a matrix with one element equal to unity at the point of applied
force and all other elements equal to zero

o

£f(t) = sin wt

m = the lumped mass at the point of applied force

The normal mode coordinate transformation is
{w) =[e] {2}
where [0] is the matrix of modal columns.

Making this substitution and premultiplying by [9]T the matrix equation
becomes :

CF 0 e [ [ ) (14
o [ B L] o [ e o

Let
(o] = (61" £ 17 (o]
[c] = [eI"F 2¢ w1 (o]
(K] = o [u]

Then



a}

M= ) ol
J 1]
i=1
n
C. =w 28, . 62
3 Nj i3] 1]
i=1
R, = oM
1 ]
C.
t =?ﬁ—]——
i N3
where
n = number of points
eij = the displacement at the i point in the j mode

Note: [M], [Cc], and [K] are not generalized terms in the usual manner.



SECTION III. STAGE AND INTERSTAGE DAMPING

A. INTRODUCTION

An initial survey of the problem of obtaining the stage and interstage
damping indicated that the desired values were a set of damping coefficients
which would yield modal damping from values obtained from the phase angle or
similar methods. The appropriate damping values would indicate the intermal
damping in each stage and the damping between the stages. A convenient way
to represent the vehicle is by a three-mass system connected by springs and
dampers. The three masses represent the three stages: S-IB, S-IVB, and upper
stages. To describe the motion in a three-mass system, it is necessary to
obtain the three-point modes. Three modes will suffice for identification of
the three natural modes of vibration. Following below is a description of
how the three-point mode shapes are established and how they are used in con-
junction with the modal damping to obtain the stage and interstage damping.

B. ESTABLISHMENT OF THE THREE-POINT.MDDES

The property of the mode which is to be retained in establishing the
three-point mode is one of orthogonality with respect to mass; that is,
[6]1°F-m ][6] will be diagonal matrix, or, in a practical sense, the off-

diagonal terms will be small with respect to the diagonal terms. For the
first three modes the relation will be

(ol tm i, [0]

where [0] represents the modes comprised of n points as measured on the ve-
hicle. It is desired to retain the same relation for the three-point mode.

That is,

[G]T[ n J3 x 3 [6]3 x3 [S]T[ o Jn X n [e]n x 3

where 6 is the Saturn IB mode shape as shown in Figure 3 and O is the three-
point mode shape as shown in Figure 4.

The relationships of the mass-weighted modes can be defimed in the follow-
ing manner,

The generalized mass values of the two modes can be expressed by
(217 1e] = [y1'0y)

[6 Vm]

(e vm]

where [y]

(]

10
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The displacement, Y1j, describes the motion of the mass Mj of the S-IB in
the three-point system., This is the portion of the continuous structure be-
tween & and b. In like manner, Y2i describes the motion of the S~IVB, or that
portion of structure between b and c; and ¥3j describes the motion of the upper
stages between c and d,

The orthogonal relationship between the Eth and the mth mode may be
expressed as

n . n

Zyiz Yim = Zeiz mOp =0 m#FL

i=l S i=1

for the dynamic test modés, andbas
3
ZYiZYim=O m # 4
i=1

for the three-point modes.

For the three-point modes

3 .
Z Yiﬂ Yim =0

i=1

Y. +Y% ,%Y. +Y. ,Y =0
1m

=Yy 22 Yom T Y35 Y3

where the displacement, Y{g, refers to the displacement of the 1th stage in
the £ mode.

The assumption is made that the orthogonal relation
n

Z Vit Vim

i=1

for the physical mode in the region of each stage is equal to this same
summation for the quasiphysical modes Yiﬁ' That is,

Ilk

E in yim = Ykﬂ Ykm No sum on £
i=1

which is a set of 9 simultaneous equations, where yi1 is the dlsplacemen g%ms
ny is the number of displacements on the kth stage.” These 9 sumultaneOLsnma
be arranged in three sets for k = 1, 2, 3 and solved for the Yyo's. As an
example, for k = 1,

13



Y % = Z Yi1 Yi2
Y19 Y13 = Z Y12 Yi3

for which solutions for the Y's are

(= Y1 yiz) (z i3 Yi1)

Y1 = .
Yi2 Vi3
v - 2541 Y40
12 7
v - ZYiq Vi3
13 Y,

The elements of the matrix [0] are obtained by the relation

m, being the mass of the ith stage, and eij and Yij being the displacements.

The modes

The modes [Y] are established by the three-point mode program.
[6] are then computed for input to the damping coefficient program.

D. STAGE AND INTERSTAGE DAMPING

The generalized damping for the jth mode is 2§-m-Mj where §j the percent
critical damping, Mj is the generalized mass and w

the three modes generalized damping is:

14

. the mode frequency,




(2]
1]

1 =25 v M
g =28, 0, M,

(9]
I

Cy = 285 wy My

For the modes used in this study, the three-point modes are normalized to
unity at the third mass and the generalized mess is obtained from the dynamic
test modes normalized to the center of gravity station for the upper stages.
The generalized mass from the three-point mode program was computed using the
response at each frequency. The generalized mass for the mode normalized to
station £ would be the ratio of the generalized mass for the response to the
response displacement at station £, squared.

Had the stage and interstage damping been available, the generalized mass
could have been obtained using the three-point modes from the damping matrix
by the matrix triple product:

fe,d= re1t[clre]

c; 00 911 %1 931{%1 %12 Ci3)|%11 %12 93
0 Cy 0 1=10;, 055 O5,]1C%1 Can Ca31{%1 ©2 O3
0 0 ¢ ©13 93 933 [€31 C32 C33|{®1 ©32 95

where the terms of the matrix [c] represent stage and interstage damping as
shown in figure 4.

However, the modal damping matrix has been obtained and it is desired to
obtain from it the stage and interstage damping coefficient matrix. Starting
with the expression

Fc = [e)[cle]

pre- and postmultiplying by [©] and [@]T to obtain

[elt ¢ 1r6]T = reirer*rcirelre”

then pre- and postmultiplying by ({G)][(E)]T)-1 and regrouping
createry™t [oit ¢ re1” creyrery ™
= (te1telhy™t (reirel™y el crelrer®y (reirer™ ™t

is obtained.

15



But as:
crelrel™ ™t crolfer®y =t 1 ]
the equation becomes

[el = (rolrel™ ™ reif ¢ ire1® ¢rojrei®Ht

From this expression the individual terms of the damping matrix [C] may be
obtained.

16




SECTION IV. PERCENT MODAL DAMPING BY THE RESPONSE METHOD

A.  INTRODUCTION

The response of g structure to an applied force can be obtained if the
modes and natural frequencies are known. These modes are used to assemble the
structural response using the generalized mass and the modal damping. If the
modal damping used is correct in each mode, then the actual test response can
be obtained. The response of the structure in the lower frequency ranges can
be assembled from the first few modes. 1In this study the first three modes
are used and the damping required to obtain the test response is obtained.

To obtain the response of the structural model, the normazl mode method as
given by Hurty and Rubinstein [1] is the approach used in this analysis. This
method is characterized by the fact that the differential equations of motion
are decoupled when the displacements are expressed in terms of normal modes.
Thus, in a system having n degrees of freedom, n independent differential
equations are used rather than n simultaneous differential equations. For a
system in which the damping forces are derived from a dissipation function, R,
the rth Lagrange equation of the set n is

d for oT ou OR
EE(BZ )-32'-'-52 * 3z =Nr‘
r r r r

where the éoordinates z (r=1, 2, 3, ..., n) are a special set of generalized
coordinates defined by

n

w(x,t) = Z 61(X) z, (t)

i=l

where w(x,t) is the deflection of point x at the time t and 0,(x) is the
displacement configuration of the system vibrating in its ith natural mode.
The force, N, is the et generalized applied force in the normal coordinate
system. Thus the deflection at any point in the structure is expressed in
terms of the normal modes of the structure and the normal coordinates.

B. APPLICATION OF THE NORMAL MODE METHOD TO A DISCRETE MASS SYSTEM

Using the Lagrangian approach, the kinetic energy, strain emergy, and
dissipation function in terms of the velocities and displacements at the mass
points of the structural system are

17



1 , 2
T ==2Zm, W,
2, 11
i
1
UT==<3Z 2k W, W
2, . i ]
173

where m, is the mass lumped at the ith point of the system; kij is the stiff-
ness term relating forces and displacements between point i and j, and c;.: is
the damping caefficient hetween i and j. For the elements of the Lagrange
equation

.- n n
dz = } : zj };_-_: oy eir 6:i.r
" i=1 i=1

where Mr, the generalized mass, is defined as

n
M = m, 9%
r }:: i “ir
i=1
Thus
oT
% =% %
ou 2
Szr =Y Mr Zr
and
oR .
3;; = 2§r Y Mr Zr

where Qr is the damping factor and W is the natural frequency in the rth mode.

Substituting into the rth Lagrangian equation, the rth decoupled differ-
entiel equation of motion becomes

M'z'+2§wMé+w2Mz=N
r r r r r r r r r T

Nr is the force applied to the decoupled system and is given by

18




m

. Z F(xj ,t) er(xj)

j=1

2
"

m

Z F(x__.I ,t) ejr

j=1

F(xj,t) is separable in x and t:
m

F(x,t) = Z; P, pGx)) £(t)
j:

where P may be a peak amplitude value, p(x,) is the variation along the
structure, and f(t) a time variable. For ajharmonlc force applied at one point,

F(xj,t) = Po sin wt

where w is the forcing frequency. Thus, Nr is

= (Po sin wt) ejr

where ejr is the displacement at j, the point of applied load in the rth mode.

C. MATRIX FORM OF THE NORMAL MODE METHOD

The normalized mode is accomplished by the coordinate transformation
{w} = [6]{z}

where {z} is the normal coordinate, [6] is the matrix of mode shapes. The
differential equations of motion in the {w} coordinate system are

[ m J(W) + [c]{w) + [k]{w} = (Flx, )}

where F(Xj,t) is separable in x and t. The elements of [6] are 6i:, which is
the displacement at i in the jth mode. The columns of [6] are thus the modes
for each of the given frequencies and [6] will be dimensioned p x q where p

is the number of mass points and q is the number of modes used. For accelera-
tion and velocity, (W} = [0]{Z} and (¥} = [6]{2}. Substituting into the
equations of motion for the physical coordinates, the mode equations of motion
are obtained:

19



[ m J{6](2} + [cl[e]{z} + [K][e]{z]} = {F(xj,t)}
Premultiplying by [6]?

[615F w J081(%) + [0] [c]l8](z) + (817 [KkI[0](z) = [G]T[F(xj,t)]

Because of the orthogonal relations between modes, the triple matrix pro-
ducts are diagonal matrices. These triple products are defined as:

[ M ]
fc
[ K ]

"

[G]T[m][e], the generalized mass

[G]T[c][e], the generalized damping

1]

[S]T[k][e], the generalized stiffness

These generalized constants are related. For example Cj, an element of [ C ]

which is the generalized damping in the jth mode, is equal to 2{.w.M., where

. is the modal percent of critical damping; w. is the frequency% %na M. is

¢
tﬁe generalized mass in the jth mode. Kj, the generalized stiffness in the
jth mode, is equal to m% Mj'

D. SOLUTION FOR THE NORMAL COORDINATES BY MEANS OF LAPLACE TRANSFORMS

The rth equation for a sinusoidal applied load is
MZ +28 oMz + sz z =P sin wt 6,
rr rrrr rrr o jr

where mr is the rth natural frequency
w is the forcing frequency
th .
Mi is the r - generalized mass
. th .
§r is the r  damping factor
j is the point of applied load

The Laplace transforms of ér(t) and Er(t) are

£ér(t) szr(s) - zr(O)

]

9 .
£§r(t) szr(s) - szr(O) - ér(O)

However the displacements w(x,t) will be measured from w(x,0) therefore:

zr(O) = ér(O) =0

20




t . .
The Laplace transform of the r b equation is

2 2 Po O

Ms"+28 WM s+ wM) z (s) = =2 Ir

T rrr rr r 2 2

s + W

from which
P° eir @
Zr(S) ) M (52 + 2t w s+ wz) (32 + wz)
T rr r

The steady state portion of z. is

s = Po Qir sin(wt-y)
r
M 2 2.2 22
r \ﬂmr - w)" + 4§rwrw
where
_ 2§wrw
¥ = tan
wz - w2
T

With the steady state portion of z, known, the relationship between the physi-
cal modes and the normal modes,

{w} = [e]{z}

may be used to obtain physical displacements. For example, the displacemént
at point 1 would be:

| E. COMPUTATION OF DAMPING FACTOR

The basis for the normal mode method is that a linear relatiom holds for
the equations of motions. Thus, an increase in one of the parameters of the
system-for example, response-must be accompanied by a proportionzl decrease in
some other parameter, such as the damping ratio. The approach used in this
study is to obtain response using damping factors as computed by the phase
angle method, correct by the ratio of respomse to dynamic test response, and
rerun as a check. The normal mode method is not unique to this study; conse-

quently, the program used to obtain this damping is not included in this
report.

21



SECTION V, DISCUSSION

This report has defined methods to compute generalized damping coefficients
and stage and interstage damping coefficients. The methods developed are de-
scribed in sections II, III, and IV. The results of the methods used are given
in Tables 1 and 2,

During the dynamic test damping coefficients were computed which are in-

. 1 ~Ta P S Y 1 ~T. /. A~ _
cluded in Tablc l, column 3. The CGu.xPGSlt.c value in Table L, COLUMIL 4, is de

rived from the matrix triple product [0] T[cl[e] where [C] is an average value
as indicated in colummn 4 of Table 2.

The percent of generalized damping as obtained by the phase angle method
involves the slope of a curve obtained from experimental information. At best
only a few points can be used to obtain the slope during the phase shift, Using
the slope of a curve is in essence a differential procedure and results in a
roughing of the information, as a differential procedure will magnify any error,
whereas an integrating procedure will tend to smooth the data and minimize the
effect of error. The phase angle method resulted in, with one exception, the
lowest percentages of any of the methods used.

The percent of generalized damping as obtained by the response method is
dependent on the force exciting the vehicle and thus accounts for all the
energy dissipated, However the modes used were obtained from dynamic test data
recorded on the structure and do not consider fluid motiomn.

The approach used during the dynamic test included use of the half power
point and the rate of decay of vibration. Figure 5 illustrates the response
for a typical accelerometer. This response indicates that modes other than
vehicle bending were excited and would make establishing the half power point
with confidence difficult. Also, in allowing the vibration to decay, beating
and coupling between modes occured. The typical theoretical response using the
first three dynamic test bending modes is also illustrated in Figure 5. Some
of these resonant modes represent coupling of the excited vehicle with the test
support or coupling with flexible. components, for example, engines.

Consideration of the percent of generalized damping as computed by the
various methods indicates that for the Saturn IB, SA-202 this percentage would
be approximately 1 to 1.5 percent for the first three bending modes. Further
refinement of this value based on experimental information would require more
precise data on the suspension and fluid motion.

Consideration of the damping coefficients indicates some agreement between
yaw and pitch. Some negative values appear but these are small and probably
represent values obscured by the noise level. The damping between the SIB and
the upper stages denoted by C13 has a small value which is reasonable as the
first and third stage have no direct structural connection.

22
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TABLE 1. PERCENT GENERALIZED DAMPING, (., PITCH AND YAW EXCITATION,
SATURN IB SA-202 J
CONDITION BENDING PHASE | RESPONSE | REFERENCE COMPOSITE +
MODE ANGLE METHOD VALUE
AND METHOD
FREQUENCY

B |1st @.35CPS | l.44| 1.79 1.67 1.63
E 2nd @2.27CPS .28 1.14 .91 .78
H | 3rd @.20CPS .81 1.10 1.32 1.08
& | @ |lst @L.64CPS .54 .73 1.75 1.00
E | @ |2nd @.58cPs .71 1.75 1.17 1.21
M| 2 |3rd @.00CPS| 1.71| 2.59 1.88 2.06
9 | lst @1.70CPS 2.26 1.19 1.90 1.78
| 2nd @2.60CPS .29 1.14 1.27 .90
2 | 3rd @6.88CPS .67 .60 .87 71

<] .
B | 1st @1:33CPS .57 1.21 1.22 1.00
£ | 2nd @2.19CPS 1.18 2.32 1.02 1.50
M| 3rd @4.14CPS 1.08 1.08 1.54 1.23
9 | 1st @L.61CPS .57 .94 1.85 1.11
2 | & |2nd @.48CPS 1.66 2.84 1.11 1.87
| = |3rd @.08CPS 1.724  2.02 2.00 1.94
9 | lst @1.64CPS .51 1.10 1.70 1.10
9 | 2nd @2.50CPS 1.00 1.43 1.34 1.26
3 | 3rd @6.91CPS .98 1.31 1.47 1.25

*AN ADDITIONAL SWEEP THROUGH THIS BENDING MODE HAD A MODAL DAMPING
OF 1.17% OF CRITICAL DAMPING

+§J =Cj/2MjUJj WHERE [ C.j ] = [O]T[C][@], AND [c] IS FrROM TABLEVZ,

COLUMN &,
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TABIE 2.

STAGE AND INTERSTAGE DAMPING COEFFICIENTS, SATURN IB SA-202

: DAMPING GENERALIZED DAMPING

CONDITION |COEFFI- PHASE ANGLE | RESPONSE | REFERENCE | COMPOSITE
CIENT METHOD METHOD DAMPING

Ci1 159,876 234,509 229,941 208,109

Bl ci2 4,494 -7,472 7,180 1,401

E €13 -2,043 -30,691 -21,205 -17,980

Al ca22 26,619 44,205 46,657 39,160

At a3 8,041 25,758 22,183 18,661

C33 10,026 39,214 31,552 26,931

Cii 216,048 324,787 277,839 272,891

ol €12 44,949 71,014 -1,532 38,144

= 2| C13 13,616 17,673 30,749 20,679
3] Sl c22 58,361 87,783 129,681 91,942
a —| €23 - 102 8,173 -17,235 -3,055
C33 15,032 33,187 29,786 26,002

C11 517,226 435,861 654,025 535,704

o| €12 239,296 270,220 392,560 300,692

Al C13 -41,476 18,388 19,512 -1,192

| - c22 586,441 447,478 672,968 568,962

~| C23 390,635 234,582 369,663 331,627

C33 363,081 203,483 321,839 296,134

C11 182,394 231,634 277,153 230,39

=l C12 57,717 37,273 84,601 59,884

S| cC13 2,291 -13,018 15,382 1,552

Bl c22 59,601 74414 78,384 70.800

<] C23 29,713 48,028 30,997 36,246

C33 30,793 58,025 28,254 39,024

C11 497,199 608,201 676,617 594,006

C12 137,489 140,875 78,530 118,965

9l Ci3 -45,256 -64,665 | -114,022 ~74,648

= 21 Cyo 121,056 166,122 204,169 163,782
> =l Cos - 291 2,612 57,704 20,008
C33 36,061 60,141 68,825 55,009

C11 406,340 558,640 647,809 537,586

C12 247,038 290,871 284,639 274,168

9l ci3 48,752 23,890 -17,089 18,505

Al €y 337,864 536,851 692,043 522,262

| Cog 178,741 328,042 468,683 325,176

C33 142,249 285,573 425,383 284,425

NOTE: UNITS OF DAMPING COEFFICIENTS ARE KG/SEC
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APPENDIX A

DESCRIPTION OF THE DYNAMIC TEST DATA (5]

The data necessary for the performance of this study was taken from the
first summary for each test. The data recorded at a given time is called a
file and contains the following information:

Title, including condition and test date

File number

Frequency, cps

Shaker force in Newtons and pounds

Accelerometer and SEL channel number

Station for each accelerometer, in.

Acceleration at each accelerometer, G's

Displacement force ratio at each accelerometer, cm/Newton and in./1b
Displacement at each accelerometer, cm and in.

Phase angle, degrees

PWN -

O W00~ o

—

. The following information was keypunched for use as input data for the
damping programs.

Frequency, cps

Shaker force, Newtons
Accelerometer No.

SEL channel No.
Acceleration, G's
Phase angle, degrees
Displacement, cm
File number

.

o~ PFwWwN

This information was key punched in FORTRAN IV as used on the General
Electric 415 computer. This format is as follows:

Information Units Format Card Columms
Card O

Frequency cps F 10.5 .1-10

Shaker Force Newtons F 10.4 11-20
Sequence No. LIS 66-70

File No. 110 71-80



Cards 1 through N

Accelerometer No. I5 1-5

SEL channel No. I5 6-10
Station in. F 10.1 11-20
Acceleration G's F 10.5 21-30
Phase Angle degrees F 10.5 31-40
Displacement cm F 10.6 41-50
Sequence No. Is 66-70
File No, 15 71-80

Each file key punched consisted of N + 1 cards, the card number being the
sequence number running from 0 through N.

Files used to establish percent generalized damping by the phase angle
method were punched for each mode as follows:

Test Date Test Name
April 2, 1965 SA-202, pitch at liftoff (rerun), Saturn IB
dynamic test files:
lst Bending Mode: 0700110
0700111
0700112
2nd Bending Mode: 0700065
0700067
0700070
3rd Bending Mode: 0700102
0700103
0700104
April 4, 1965 SA-202, pitch at 110 seconds (rerun),
Saturn IB dynamic test files:
"lst Bending Mode: 0712260
0712261
0712262
2nd Bending Mode: 0712301
0712302
0712303
3rd Bending Mode: 0712461
0712462
0712463




Test Date

March 19, 1965

April 8, 1965

April 9, 1967

March 16, 1965

Test Name

SA-202, pitch at 147 seconds, Saturn IB
dynamic test files:
lst Bending Mode; 0022423

0022424

2nd Bending Mode: 0022732
0022733
0022734

3rd Bending Mode: 0022564
0022565

SA-202, yaw at liftoff (rerun), Saturn IB
dynamic test files:
1lst Bending Mode: 0602043

0602044

0602045

2nd Bending Mode: 0602132
0602133
0602134

3rd Bending Mode: 0602207
0602210
0602211

SA-202, yaw at 110 seconds (rerun), Saturn
IB dynamic test files:
lst Bending Mode: 0612245

0612246

0612247

2nd Bending Mode: 0612034
0612035
0612036

3rd Bending Mode: Set 1: Set 2:
0612300 0612135
0612301 0612136
0612302 0612137

SA-202, yaw at 147 seconds, Saturn IB

dynamic test files:.

lst Bending Mode: 0122015
0122017
0122020



Test Date Test Name

March 16, 1965 (Cont'd.) 2nd Bending Mode: 0122067
0122070
0122072

3rd Bending Mode: 0122200
0122201
0122202

Files used to establish three-point modes were as follows:

Test Condition v Bending Mode File .
Pitch Liftoff 1st 0700111
2nd 0700005
3xd 0700103
Pitch 110 sec 1st 0712225
2nd 0712227
3rd 0712463
Pitch 147 sec 1st - 0022423
2nd 0022733
3rd 0022646
Yaw Liftoff Ist 0602044
2nd 0602010
3rd 0602016
Yaw 110 sec 1st 0612246
2nd 0612035
3rd 0612301
Yaw 147 sec 1st 0122020
2nd 0122070
3rd 0122201

The accelerometers used to establish pitch modes were 1 through 23. The
accelerometers used to establish yaw modes were 1, 82 through 85, 8 through 22,
66, and 23. Files used were from the same tests as were files for the phase
angle method.




TEXT

SYMBOLS

APPENDIX B

DAMPING STUDY - PHASE ANGLE METHOD

PROGRAM

INPUT AND OUTPUT

DEFINITION INPUT FORMAT

NCASE

NP
NJ
NOS

NIF

LP

NTC1
NTC2
NTC3

NTH1

Number of cases to run
Title card

Number of accelerometers

Number of modes per flight time
Point number to which modes are
normalized

Number of accelerometers in the
file

Accelerometers that are to be
used (24 values per card)

‘'If 0, add 360 to phase angle of

THETAL

If 1, subtract 360 from phase
angle of THETAL

If 0, add 360 to phase angle of
THETA2

15

80H

15
15

15

15

2413

15

If 1, subtract 360 from phase angle

of THETA2

If 0, add 360 to phase angle of
THETA3

If 1, subtract 360 from phase
angle of THETA3

Number of phase angles to change
in THETAL

Number of phase angles to change
in THETA2

Number of phase angles to change
in THETA3

The accelerometer numbers to be
changed for THETAL

(24 values per card)

If NICl1 = 0, do not include this
card in data deck.

B-1

15

15

15

15
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Input & Output (Cont'd.)

SYMBOLS
TEXT PROGRAM DEFINITION INPUT FORMAT
NTH2 Same as NTHl, except for THETA2
If NTC2 = 0, do not include
this card in data deck. 2413
NTH3 Same as NTHL, except for THETA3
If NTC3 = 0, do not include
this card in data deck. 2413
Wy Fl Frequency F10.5
NAC Accelerometer No. 15
81 THETAL Phase angle F10.4
w F2 Natural frequency F10.5
SF2 Shaker force at natural
frequency F10.4
NAC Accelerometer No. 15
6, THETA2 Phase angle F10.4
eij DX Displacement F10.6
hb F3 Frequency F10.5
NAC Accelerometer No. 15
63 THETA3 Phase angle F10.4
i ACCEL Accelerometer No. N/A
JA-J AN Slope Slope at each accelerometer
location N/A
13 X1 Damping coefficient at each
accelerometer location N/A
Cj Cc(J) Generalized damping coefficient N/A
d ZETA(J) Percent critical damping N/A
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INTERNAL PROGRAM SYMBOLS

SYMBOLS
TEXT PROGRAM DEFINITION
L8 TOP Change in phase angle
A BOT Change in frequency
20/ Aw Al Slope
7ij PHI(I,J) Normalized displacements '
E - EPS Point damping
Mj GM(J) Generalized mass
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H LN

O X~ N

10

12
13
14
15
16
17
18
19
20

~
-’

22
23
24
25
56
57
8
59
20
21
32
33
4
15
36
27
KY. |
39
ag
a1
42
K
¢4
a5
a6
a7
48
49

PROGRAM NUMBER 823-0N48E

NAMPING STUDY PRAGRAM - PHASE ANGLE METHND

NIMENSTON F1€¢5),F2(5),F3(5),CAP(PE),SF2(5),0(5),CAS(S)
NIMENMSION NA2(25,5),TH1(25,5),TH2(?5:5),TH3(25,5),/(v(5)
NIMENSTION X¥2025,5), ZETAtS),PHI(25.,5).CM(75,5%),A(25.25)
NIMENSION R(25,25),1T(25)Y,LP(25),NTH1(?5)Y,NTH2(25),MTH3I(25)

I ZX XXX SRR RS RRL AL SER R R RS RERE XS R RRR SRR RS RS ARRERERLEELRR EIED]

c

READ AND PRINT IMPUT DATA

I ZXE S22 EXEER RS R R R XA R RS2SR R AR R RS SRR R XSS AXERSEEEEERREEEE R NN

400

456

450

451
452

453
454

455

403

401
407

404
405
406

READ 101,NCASE

NC=1

READ 100

READ 101.,NP,NJ,NOS,NIF

READ 113, (LPI(K),K=1,MNP)
PRINT 100

PRINT 198

PRINT 104, ,NP,NJ,MOS,HNIF
PRINT 108

PRINT 109, (LP(K),Kz1,NP)

ng 2n0 Jsi,NJ

NQ 456 1=1.,NP

NTH1(])Y=0

MTH2(1)Y=0

MTH3(!)=0 :

READ 1N1,KM1,KMZ,KM3,NTC1,NTC2,NTC3
PRINT 1725,KM1,KM2,KM3I,NTC1,NTC2,NTCY
IFI(NTC1199,451,450

READ 113, ¢(NTH1(1)Y,1=1,NTC1)
PRINT 127

PRINT 109, (NTH1(1),1=1,NTC1)
1F(NTC2)99,453,45%2

READ 113, (NTH2(1),121,NTC2)
PRINT 123 )

PRINT 100, (NTH2(1),]1=1,NTC?2)
TFI(NTC3)99,455,454

READ 113, (NTH3(1)Y,1=21,NTC3)
PRINT 124

PRINT 1009, (NTH3t1),I=1.NTC3)
READ 102,F1(J)

Ki=0

KisK1+1

Ng 271 [=1,NIF

READ 1N3,NAC,THETA

K=n

KK+l
IF(NAC‘LP(K),4011402:401
TF(K=-NPY403,201.,201

THL (K, ))=THETA

1F (NTC11999,201.,404
TF(NAC-NTH1({K1)Y?201,405,201
TF(KM1)99,406,4n7
THI(K,J)=THL(K,J)+360.0
KizK1+1

GO TN 201
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50 407 TH1(K,J)3THL(K,J)-360,0

61 KisKiel

52 201 CONTINUE

63 K1=0

54 KizKqi+1

5S READ 102.,F2(Jy,SF2¢)

56 - Do 2n2 l=1,NIF

57 READ 114,NAC,THETA,DY

58 K= -

s9 413 K=zK+1

A0 TFINAC-LP(X))411,412,411
51 411 !F(K‘Np)413020?|207

L2 417 NAZ(K,J)=NAC

&3 TH2 (K, J)=THETA

~4 X2(K,Jy=DX

(33 1F(NTC2)99,202,414

6 414 TF(NAC-NTH?2(K1))2072,415,202
67 415 1F(KM2)99,416,4617

&8 416 TH2IK,JY=TH2IK,J)+360,0
~0 Kiz=K1+1

70 G0 TN 202

71 447 TH2(K,J)=sTH?2(K,JY=-360,0
72 K{1=%1+1

73 20? CONTINUE

74 SEAD 102,F3(d)

75 Ki=0

76 Kiz=K1+1

77 ng 203 [=1,NIF

78 READ 103,NAC,THETA

79 K=0

R0 423 KeKa+t

51 TF(NAC~LP(K)Y421,422,471
4 421 1F(K-NP)423,203,203

83 422 THI(K,J)=THETA

54 IF(NTC3Y99,203,424

&5 424 TF(NAC-NTH3(K1)1203,425,203
K6 425 1F(KM3)99,426,427

87 426 THI(K,JY=TH3(K,J)+»360,0
LY. iK1+

S GO0 TN 203

90 427 TH3(X,J)=TH3tK,J)-360.,0
91 Kis=kK1+1

92 203 CONTINUE

o3 PRINT 198

4 PRINT 105,J,F1tJY.F28J).F3(JY,8F2(J)
95 PRINY 106

N6 : N 210 J=1,NP

a7 240 PRINT 107,1,NA2(1. ) TH1 (L, UYL, TH2(T,J) . TH3LT ) X2(T,» )
G8 200 COMTINUE

og PRINT 199
160 MM=25

[ 2 ZEZSEEEXETSR R R RREI RIS ZRSR SRR 2RSS SRR AR AR AR S AR R R L AN

C oss NORMALIZ7E DISPLACEMENTS #ss

I Z2ZE XXX EERRE SRS SRS SSRRSRR RS RS ARE A SALA AL LS S AR BB L
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171
1n?
1r3
1r4

1n5
106
in7
irg
109

110
111
112
113
114
115
116
117
118
119
123
121
122
123
124
125
126
177
128
129
120
S 131
172

133

134
135
136
137

138
139

140
141
142
143
144
145

Ny 2195 Js1.NJ
¥YNOS = X2(NQS,J)
No 205 1=1,NP
7205 PHI(T,J)=sX?2(],JY/7XNOS

AR AR SR RS R R AL RS R SRR 222 22X RS RRER SRR RREIR SIS ERE R R X ¥ IR

CALCULATION DF THE DAMPING CCEFFICIFMTS

LAZARE 2SS RS2 AR RS2 222222 2R XSRS A RS R RS ER SRR RN RN LR R )

ne 10 Jd=1,My
EPH] = n.n
PRINT 121,
ND 11 I=1,NP :
TOP=3 NatF1(J)*THL(T,D)+F2C ) eTHI {1, )+F3LJYSTHIT, J) )~
BUFICII+F2()4FI(IIIRETHICL JY+THZ2(L ) +THR3C],J))
ROTs3.,N#(F1(J)&#2+F2(J)#82+FX(J)#u2)=(FLIJ)eF2(JI+FI(J) 1327
A1=TNP/BNT ) . :
EPS=57.3/(2,0=F2¢Jyar1)
PRINT 111,NA2¢1,J) +A41,EPS
EFPH]! = EPHI + EPS = PHI(TI,J)*»2
11 COMTINUE
£tJY=17,.56636xF2¢J)#FPH]
PRINTY 11n,4,C(Jd)
PRINY 198
10 CONTINUE
PRINT 198
no 351 J=1.,NJ
GM(JY=N,.N
ZETA(JY=N,N
ng 350 I=1.NP
350 GMIII=GMEJI«PHTI (1, 0)na?
ZETYACIY=C(JIY/(12.566362F2(JY*GM(J))
PRINTY 120,J,7ETACY)Y
351 CONTINUE
NC=NCet
PRINT 199
IF(NC=-MCASEY4QN,40n,99
99 sSTNP

AL AL RIS RS ESZ SRR SIEREZSERER SRS RE RN YR R R RUCEE R FF IR I SRR G A g ey

100 FORMAT(BNMH
% )

101 FORPMAT(9I5)

107 FORMAT(F10.5,F1n.4)

103 FORMAT(IS,25%,F10.4

104 FORMAT(1X,15HND, OF ACCEL. =14,2X,14HND, 0OF MODES =14,2X%,24HNMORMAL
$1ZFD TO POINT NO,,14,2X,22HND, OF ACCFL. IN FILF,14,/)

105 FOPMAT(1Y,5HMONE ,7X,2HF1,9X,2HF2,9X,2HF3,9%,3HEF 2./, 15,1%X,4F11,4
$.7)

106 FORMAT(3IX,5HPOINT,2X,3HNAC,3X,6HTHETAL,5Y ,6HTHETAZ,SY,6HTHETAZ, 7Y,
FIMNX2,)

107 FORMAT(1¥,215,4F11.9%)

108 FORMAT(27HLIST OF ACCELERQMETERS USED,/)

109 FORMAT(1¥,72515)

110 FORMAT(/,1%,4HMODE, 13,2X%,31HGENERALIZED NAMPING COEFFICIENT,F13,6)

111 FORMAT(IS,5E15.6)

1143 FORMAT(2413)
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146
147
148
149
150
151
152

183
154
155

114
120

121

122
123
124
125

188
199

FORMAT(15,725%,F1n.4,F10.6)

rOPMATtiY.4HMODE. 1312X16HZETA =E1 3.6, /)

FORMAT (16X ,4HMONF[3,//7,1X,5HACCEL »S5X ,5HSL OPF,12X,2HY!)
FORPMAT(1X,43HLIST OF ACCEL. Y0 CHAMGF PHASE ANGLF THFTA1./)
FORMAT(1X,43HLIST NF ACCEL. TD CHANGF PHASE ANGLF THETAZ,/)
FORMAT(1Y,43HLIST NF ACCFEL., TO CHANGF PHASF ANGLF THFTAZ, /)
FORMAT(1%,/,32HCNANTROLS FOR PHASF ANGLF CHANRES,/,

$5H XM1,5H KM?2,5H KM3,5H NYC1,5H NTC?2,5H NY(C3,/,615,/)

FORMAT (/)
FOPMAT(1HL)
FND

B-8
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N DO ABWEET

w

1
14
18-
16
17
18
19
20
21
22
23

MNDE 1

MODE

1

MONE

SLOPE
-.B874114E+03
-.831079E+03
~.,851073E+03
-.867198E+03
-.883124E+03
~.856802E+03
~.67969NE+03
-.866127E+03
-.826568E+03
-.850114E+03
~-.855374E+03
-.833209E+03
-.B76553E+03
-.844106E+03
-.872972E+03
-.979689E+03
-.B91R31E+03
-.8B46292E+03
-.852506E+03
-, 86798B2E+03
-.792979E+03
-.810754E+03

GENERALIZED NAMPING COEFFICIFNY ~-,135447F401

1

X1
~,R26915FE-N¢
~,A19986F-N2
-, ROR721E-02
-,790390E-02
-, 771662E-n2
-, 795368E~-02
-.10r262F-01
-,786810F~02
-,R24461F-n2

=-.R01625F-02

-.79AK96FE-02
-.R17889FE-n2
-.777446F-n2
-,R07331E-n2
-.780635F~-n¢
~.764128€E~-0n2
-, R05245E-02
-,799376E-02
-,785123F-n¢
~.R593R4E-N2
-, R41N61E-N2

7ETA = -,814458E-02
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APPENDIX C
THREE~-POINT MODE PROGRAM

The purpose of this program is to obtain the three-point mode described
in Section III. The program is written in FORTRAN IV as used on the Gemeral
Electric 415 computer in the Chrysler Corporatiom Huntsville Facility. This
program generates modes for the input mass points from the dynamic test modes,
computes generalized mass, and computes the mass weighted three-point modes.
Included are imput data description and format, internal data description,
FORIRAN listing, and sample output.

DESCRIPTION OF INPUT DATA SYMBOLS, THREE-POINT MODE PROGRAM

FORTRAN .

SYMBOL DESCRIPTION FORMAT COLUMN

NCASE Number of cases to run three point 13 1-3
modes for. ’

NNFAC Total number of accelerometers in 13 1-3
files used.

NPRO Total number or discrete masses in 13 4L-6
mass property file.

NIIP Point number in the mass property 13 7-9
file of station to normalize on.

NNFMS Subset of NNFAC, number of 13 10-12
accelerometers used to establish mode,

KT 1, for liftoff. 13 13-15

2, for 110 sec.
3, for 147 sec. h :
FREQ(J) Frequency of the j  mode from F10.5 1-10
the jth file, j =1 through 3 for the
three modes,

NAC Accelerometer number from 15 6-10
' file NNFAC total,
STANF(J,NAC) ~ Station in the jP' file for the NactP F10.1 11-20
accelerometer,
DISP(J,NAC) Displacement in the jth file as re- F10.6 41-50
corded at the NACt! accelerometer.
SSTA(J,I) Station for the it condition for the F8.3 1-80

jt mass point, j = 1 through NFRO,
i = KT, in mass property file.

SMASS(J3,1) Concentrated mass related to F8.2 1-80
SSTA(J,I), in mass property file,
SINER(J,I) Concentrated rotatiomal inertia E10.5 1-80

related to SSTA(J,I), in mass
property file,

c-1



FORTRAN

SYMBOL DESCRIPTION FORMAT COLUMN

NACC(J) Subset of NAC, accelerometers 13 1-78
used to establish mode, j =1
through NNFMS,

SXI Interface station between first E15.8 1-15
and second stages.

SX2 Interface station between second E15.8 ~ 16-30

and third stages.

DESCRIPTION OF INTERNAL DATA SYMBOLS, THREE-POINT MODE FROGRAM

SNMED(1,J)

SDISP(1,J)
SNMFD (2,J)

SNMFD(3,J)
SDISP(2,J)
SDISP(3,J)
NACC (J)

K
KK

KKK
SMOD(I,J)
DELTA(I,J)
GML

M2

GM3
X(1,J)

X(2,J)
X(3,J)
c112
c212

c312

Cc123

Subset of STANF(J,NAC), statioms of accelerometers
selected to establish lst bending mode, j = 1 through
NNEMS.

Subset of DISP(J,NAC), displacements relating to stations
SNMFD(1,J).

Same as SNMFD(1,J) and SDISP(1,J), but for 2nd and 3rd
bending modes.

Subset of NAC, accelerometer numbers for accelerometers
used to establish SNMED and SDISP.

Constants for station check

K=1, KK=2, KKK = 3

Same as SNMFD but for mass property

Stations i = 1 through 3, j = 1 through NFRO,
Mode slope associated with SMOD,

Generalized mass, lst mode.

Generalized mass, 2nd mode.

Generalized mass, 3rd mode.

Mass weighted displacement for the 1lst, 2nd, and
3rd modes.

Yi1 Y12

Yi1 Y42

Yi1 Y42

pMo OpMAe pMT PMOT

Y12 Vi3



Cc223

c323

Cci31

C231

Cc331

X11i
X21
X31
X12
X22
X32
X13
X23
X33

012

023

031

Card or

File No.

WM

o

)
[
(X

«
l-l
w

Yi2 Yi3

MO OMA oM 0

)
[
w

«

il

™Mo

£ Y13 Vi1
d

27533 Y41
Yy1

Yi2

Y13

Yo1

Y22

Y23

Y31

Y32

Y33

d
PRLIRLY)
d

Ly., Y,
a i2 713
d
FRECRLH

INPUT FORMAT, THREE-POINT MODE PROGRAM

Initial title card

NCASE

1st case title card

NNFAC

NPRO

NTIP

NNFMS

KT

Dynamic test file for 1lst bending mode.
Dynamic test file for 2nd bending mode.
Dynamic test file for 3rd bending mode.
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Card or

File No.

8
9
10

File No.

0~ v

Mass properties file for initial case.

File of accelerometers used to establish modes.
SX1

Sx2 :

NCASE total sets of cards and files 3 through 10.

INPUT FORMAT, FILES

Dynamic Test Data, see Appendix A

Mass properties file

Card No.

1 Title Card
Set 2 SSTA(J,I), 10 per card for NPRO total
Set 3 SMASS(J,I), 10 per card for NPRO total
Set 4 SINER(J,I), 8 per card for NPRO total

Accelerometer file

Card No.

Set 1 NACC(1l), 26 per card for NNFMS total

Column

1-15
16-30

Golumn

1-80
1-80
1-80
1-80

Column

1-78



[ i P A Y Y
VO NI D WA OO SN -
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o

22

AVERVER VIR BN |
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M

N,
o

N

NN AN
[PV VI o = )

THRFE POINT MODES

o]

[ ]

en

5n

NIMENSTON FREQ(3),SHAPNF(3,140),STANF(3,140),SMON(3,140)
NIMENSION SSTA(3,140),SMASS(3,140),SINER(3,140),D15P13,140)
NIMENSION SNFMD(3,30),SDISP(3,30),DELTA(3,140P) . NACCI3INY,¥L3,140)
READ 101

PRINT 121

READ 102,.NCASE

ng 1n00 NN=1,NCASF

READ 101

PRINT 101

PRINTY 12N

READ IHZANNFAC,MPRO,NTIPvNNFMSDKT

no 2n J=1,3

READ 103,FREAQ(JY

ng 2n K=1,NNFAC

PEAD 1N4,NAC,STAMF(J,NACY,DISP(J,NAC)
READ 10S

PRINT 135,FREQ(1)

PRINTY 12N

PRINT 136,FREQ(2)

PRINT 120 :

PRINT 137,FRFO(3)Y -

PRINT 120

JzKT

L=KT

READ 106,(SSTACJ.]),1=1,NFRQ)

READ 107, (SMASS(J,1),121.,NPRO)

READ 1N8,(SINER(J,1),1=21,NPRO)

PRINT 138

PRINT 12N

PRINT 139

PRINT 120

PRINT 149, (1,SSTA(J,1),SMASS(J,I),SINER(J,1Y,]I=1,NPRDY
PRINT 120 :
FSTARLISH MODES FROM FILES

READ 109,(NACCCI)Y,I=1,NNFMS)

PRINT 129

PRINT 120

PRINT 130

PRINT 12n

no S0 J=1,MNFMS

JJJSNACC )

SNFMN(1, JI=STANF(1,JJ0d)
SKFMN(2,J)=STANF(2,JJd)

SNFMBE3,  JY=STANF (3, JJJ)

SDISP(L., H=DISPt1.JJN)
SNISP(2,J)=D1SP(2,JJJ)
SDISP(3,J)=DISPt3, JJd)

PRINT 128, JsJJJs(SNFMD(T,J),1=1,3),(SDISP(1,J),1=1,3)
CONTINUE

PRINY 120

STATION CHECK

No 71 J=1,NNFMS

Kz1

KK=2



~3 wKK =3

54 TFCSNFMD(L, J)Y-SNFMD(2,U))60, 61 6n

55 60 PRINT 110,K,KK,

54 61 ITFCSMFMD(1,J)-SNFMD(3,U3)70,71,70

57 70 PRINT 1119,K,KKK,J

=8 71 CONTINUE

c FSTARLISH MONDE SHAPE AT MASS PROPERTIES CTATIQMS

Y] ng 9n 1=1,3

&0 ng 9n .J=1,NPRO

A1 . TFOSSTA(L »J)=-SNFMD(1,1))72.,77,74

AP 72 NDELTALY,J)=(SDISP(1,2)-SNISP(],1))/(SNFML(T,?)~ SNFNan 1)
&3 SMAN(] . JY=SDISP(T,1)-DELTACT ,JY*CSNFMD(I,1)~-SSTACL..J))

4 GO TN 9Q

A5 74 TF(SSTALL,JY=-SNFMDCT,NNFMS))T77,7%,75

6 75 DELTA(I,J)=(SDISP(T,NNFMSY-SNISP(],NNFMS-1))

~7 NELTA(T, J)=DELTACL,J)/(SNFMDC],NNFMSYI-SNFMD(T  MNFMS=1))

#B SMODC 1, JI=SDISP T  NNFMSY=DELTACT , JY®(SNFMD(T ,NNFMSYI-SSTAIL,JY)
~9 ng TN 90

7 77 PO BN K=1,NNFMS

71 TF(SSTA(L,J)=-SNFMD(],K)Y)}R3,82,80

72 B2 NELTA(T,J)=(SDISP(T ,K+1)=SNISP(I,K=-1))/(SNFMN(T . K+1y=-SMFMD(Il,.K-1))
73 SMONCT  JY=SDISPE]  K)

74 6o TO 99

7% B3 NEITA(I,JY=(SDISP(1,K)=-SDISP(1.,K=1))/(SNFMDN(TI,K)-SMFMO(],.K-1))
76 SMADC],JY=SOISPLL K1 )Y+DELTACT »JY*®(SSTA(L »JY=SNFMUD(T,K=1))
77 GO TN 90 )

78 80 COMTTINUE

79 SN COMTINUE

FQ PRINT 127

R1 PRINMT 12N

£ PRINT 131

a3 PRINT 12N

A4 PRINT 12A,(1,SSTA(L, 1), (SMOD(J, 1) ,DFLTACI,T)Y>J=1,3).131,NPRAOY
£S5 PEAD 112,8¥1,8¥%?

26 PRINT 12N

R7 PRINT 133

2} ) FRINT 120

R9 PRIWT 117,S%X1,8%2

20 PRINT 120

o1 AM1=zN,N

op AM2=n.0

ug3 fMIzN, 0

Q4 C112=0.0

95 ?212=0.0

Q6 £312=0.n

97 C1723=0.0

a8 r223=0.0

a9 £32320.0
100 £131=0.0
111 r23i1=0.0
1n2 £331=0.0

c GENERALIZED MASS AND MASS WEIGHTED DISPLACFMFNTS

1n3 No A00 J=1,NMNPRN
in4 ¥ (1,.0)=SMON(1,J)*SORT{SMASS(L,J)+DELTA(L,J)»#28STINER(L,JY/SMND(1,J



§ye=2y

1n5 Y¥(?2,J)=SMON(2,JY*SART(SMASS(L,J)+DELTA(2,J)%828QINFR(L,J)Y/SMNAD(2,)
Tyes2)
1N6 Y3, 0)=SMON(3,JISORT(SMASS(L,JY+DFLTA(C3, 0 ue2aSINFRIL,JY/SMND(3, )
v $res2) :
1n7 GM12GM1+GMASS (L, J)Y*SMOD(1,J)#22+SINEFR(L.JI*DFLTA(L,.1Y982
1n8 GM22RM2+SMASS(IL,J)Y#SMOD(2,J)#22+SINER(L,J)I*NFLTA(2, 1)=e2
1n9 AMT=GM3+SMASS(L, JI®(SMOD(3,J))*®#2+SINER(! , JISDELTAL(R, J)#s?
110 400 COMTINUE
111 PRINT 125
112 PRINY 120
113 PRINT 132
114 . PRINT 120
145 PRINT 117 ,6M1,GM2,GM3
116 PRINT 12n0
o MORMALIZFD DISPLACFEMENTS
117 Pe A0S Js1,NPRO
1148 Y01, 0)=2XC1.JY/SRRTIGML)
119 ¥{2..01)2X(2,JY/SARTIGM2)
120 605 Y(32,J)=Xt3.J)/SART(GMI)
121 PRINT 127
122 ORINT 120
123 PRINT 140
174 PRINT 120
125 nn 6Né J=1,NPRD .
1? ABE PRINT 126, J,8STAIL. U)o X(1,J):X(2,J)»%(3,.1)
127 N 40r  J=1.NPPRD
178 IF(SSTA(L,J)=-SX1)320,330,330
129 330 IF(SSTA(L,.J)=-SX2)340,350.,350
140 - 320 C112=C112+¥(1,Jy#X(2,J)
131 £123=C123+%(72,JY X% (3, J)
132 C131=C131+%(3,J)eX(1,J)
133 GO0 TN 40N
134 40 N212=0212+% (1 ,J¥8X(2,J)
135 CP223=C223+%(2,J)y#%(3,J)
126 ,0231=C231+%(3, 1 #%(1, )
137 GO0 TN 44an
138 IEN r312=C312+¥(1,JI%X(2,:J)
139 N323=C323+X(2,J)Y*X(3,J)
140 0331=C331+¥(3,JY*X(1.:J)
141 400 CONMTINUE
142 X11sSORT(C131#L112/C123)
143 ¥21s3C112/%x11
144 ¥Y31sC131/%11
145 ¥122S0RT(C231#C212/C223)
146 ¥27=0212/%12
147 ¥372aC231/%12
148 X13sSQRT(C3314C312/C323)
149 y23af312/%13
150 Y¥Y33:C331/7X13
151 PRINT 12N
152 ‘ PRINT 1414
153 PRINT 120
154 PRINT 142
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185
156
157
158

159A

140
161
162
143
144
145
146
187
148
149
170
171

172
173
174
17%

176
177
178
179
150
191
102
123
174
1#5
1&\6
1907

198
159

100
191

102

193

104

19%
196
167
168

PRINY
PRINT
PRINY
PRINT
NRTHNG
N12=C1
N23=C1
n31=01
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
1000 CONTIN
101 FQORMAT
%
107 FORMAT
103 FORMAT
104 FQRMAT
105 FQPMATY
13
106 FORMAT
107 FOPMAY
108 FQRMAT
109 FQPMAT
110 FORMAT
112 FQRMATY
117 FORMAT
120 FQRMAT
121 FORMAT

127 FORMAT.

123 FORMAT

14%,¥11,¥12,¥%13
144,%21,%22,%23
145,¥31,¥32,X33
12n
ONAL CHECK
12+C212+0312
P3+C0223+4C323.
31+C231+0331
123
12n
144,012
12n
147,023
12n
148,031
121
HE

[§1L]

(?7613)

(F10.5)
t15.5H

(ROM

+F10.1.,20HK 1Fa0,6)

t1NF8.3)
(10FA.2)
(RE1N.5)Y
(2613)
t7613)
(S5E15.8)
(6(3H
(1HN)
(1H1)
(50M MASS WEIGHTED
(5n+H NRTHNGANALILITY

MODES
CHECK

FoLL.OowW : )

)
125 FORMAT (ANM GEMERALIZED MASS FOR MONES AND MASS PRAPERTIES
$. MADES NOT NORMALIZED . )
126 FORMAY (15,7(3W 1£15.8)) )
127 FORMAT (8&QH MONE SHAPE AT MASS PRNP, STA. FOLLOW
% )
128 FOOMAT (219,6(3M 'E15,.R))
129 FORMAT (RQH SELECTED ACCELEROMFTERS STATINNS AND NISPLACFMENTS
$ ' )
130 FORMAT (116H PT ACC STA NMODE 1 STA MoNhF 2 STA
§MONE 3 DISP MNDF 1 DISP wMODE 2 NIsP  MnDE 3 ]
131 FORMAT (130H PT STATION DISP MODE 1 SLOPE #MNAD
$F 1 nisp MonE 2 SLOPE MODF 2 NISP MNADE 3 SLOP
+F MODE 3 )
132 FORMAT (RQOW MANE 1 MODE 2 MNDE 3
$
133 FORMAT (40K INTERFACE STATIONS ;
135 FORMAT (35H FIRST RENDING FREGUFNCY 1S ,E15,.8)
136 FORMAT (3%9H SECOND RENDING FREOUENCY I8 LE15,8)
137 FORMAY (35M TWIRD BENDING FREDUFNCY 1S ,F15.8)
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199
2nn

2n2
2n3

2n4
215
216
2n7
208
209
210
211

138 FQRMAT (22H
139 FORMAT (100K

SINFRTIA
140 FORMAT (100H
£2 nIspP

141 FORPMAT (SQH
142 FORMAT (80K
T 3
143 FORMAT (12H
144 FORMAY (12H
145 FORMAT (12H
146 FORMAT (8H
147 FORMAY {RH
148 FORMAT (8H

149 FORMAY (15,3(3H

END

MARS PROPERTIFS )
PT STATION

PT STATION
MONE 3
THREF POINT MQDES,

nise pPY 1

MANE 1 + (5(E15.8,3H
MARE 2 L, (5(E15,.8,3KH
MODE 3 ,(5(E15.8,3H
012= ,E15.8)

023= ,E15.8)

031: vElﬁna’

,E15.8))

MASS

nisp  “aUE

MASS WEIGHTFD

DIsP

m
(RN
))).

T

1

2

ROTATORY

. )
nisp  w»OnhF

DisF

- O~ -



THREE POINT MODFS, SAD=2n2, YvYAW LIFTOFF USING FILFS ns02044, Nn&Nn2NLN, 0402016

FIRST

AENNING FRFOQUFMCY IS 0.13273900F+01
SECOND BENDING FRFQUEMCY (S 0.229059N0F+01
THIRD BENDING FRFQUENCY IS N,413643N00F«+N1
MASS PROPERTIES

PT STATION MASS ROTATORY INFRTIA

OD NN D N

0.0NNNCONNE+QN
0.12nAN0NQNE+D?
0.33000000E+0?
0.53a00000E+02
n.720n0000F+0?
0.920000Q0E+02
0.11100000E+03
0.127Nn0NQNEF+NT
0.149n0NNCE+03
0.16900000F+03
0.1R9N0NONE+NT
0.21100N0NE+OR
0.279N000NE+N2
0.2510000PF+D3
0.270N0000E+D3
0.29000000E+03
N.31000000E+Q3
0.330N00ONE+NR
0.35000N00F+03
0.37000000€+03
0.3900000NE~NR
0.410N000NE+03
0.430N0GNQNE+N3
0.45000N9NE+03
0.470000NNE+03
0.490N0000E+03
0.5100000NE+03
0.530N0000E+Q3
0.550N0000NE«+Q3
0.570NN000E+N3
0.59000N0NE+03
0.61000000E+03
0.63000000E+NDT
0.65000000E+03
0.670N0000E+03
0.6900000NE+D3
0.71000000E+03
0.730N0000E+03
0.750N0000E+03
0.77000000E+03
0.79000N0NE+03
0.810N0NONE+O3

0.4R540N00E+02
N.B4417N00NE+03
0.1244B000E+04
0,39820N00E+04
0.2R747N00E+04
0.52501Nn00E+04
0,37317n0NE+N4
0.27733000E+04
0.1R045N00E+N4
N,16174N0NE+04
N.,?27871000E+04
nN.2N690N00NE+N4
0.21057n00E+04
N.15999Nn00E+04
0.25894n0NE+N4
0.79135n00E+04
1.,291A8N000E+04
0.79211000E+04
0.29G663Nn00E+04
0.79120nQ0NE+04
N.26082000E+N4
0.29039000E+04
0,79073N00E+N4
0.29030N00NE+04
N,29039n00E+04
N.29077N00NE+04
0.29016Nn0QNE+N4
N.29025n0NE+N4
n.29n58N0NE+N4
0.790611N0NE+04
0,290490D0E+04
1.79058n0NE+N4
0.7897800nE+04
0.29025N0NE+N4
0.29044NQNE+D4
0,28978N00E+N4
0.79039000E+04
0.729044N0NE+N4
0.29011N00E+04
0.29097N00E+Q4
0.29087N00E+04
0.79087n00E+04

c-10

0.123360n00E+07
0.179S300NE+Q8
0,376240ONE+CR
0.,132710N0E+QS
N.93753000E+0R
0.137340NNE+DS
N.23395NQ0E+DY
0.9262200NE+08
0.,6640B00NE+08
0.54072000E+QR
0.86660N00E+08
N.,4471800NE+QR
0.4N43100NE+QR
0.B2542000F+07
0.92774N00E«Q7
0.147297000F«08
Nn,1393800NE+QR
0.140410NNE+NE
0.1383500NE+Q8
0.138350N0E+08
0.138350N0E+08
0.13835NNNE+NR
N.142460NNE«QR
0.14555aNNE+QR
0.14246000E+08
0,14246NNNE+QO8
N,14144NNNE+08
N.14143N0NE+Q8
0.1424600NE+N8
0,148630NN0E«QR
N,15377000E+0R
0.14349NNNE+QE
N.14144000E«08
0.,142460NDE+DAR
0.14247000E+N8
0,14144000ESSR
0.14247000E+08
0.1424700NE+08
0.14453N00E<08
0,14452000FE+08
0.1435100NE«08
0.1445300NE+0A




0.83000N00E+03
0.85000N0NE+03
0.87100NONE+03
0.890N000N0FE+G3
0.908N0ONONE+O3
0.9320000NF«023
0.94900N00E+03
0.54600N0NE+03
0.9910000NE+03
0.1011000NF+04
0.10310000E+Ne
0.1051000NE+N4
0.10720000E+04
0.10920000E+04
6.11N7000NE+D4
6.11290000F+n4
0.11530000E+04
0.1171000NE+N4
0.1191000NE+04
0,12100000E+04
0.17300N0NE+04
0.1250000NE+04
0.12700000E+04
0,12860000E+N4
0.13090000E+04
0.1329000NE+nN4
0.13490000E«nN4
0.13650N0NE+04
0.1389000NE+04
0.1409000NE+04
0.1430000NE+04
0.14480000E+D4
0.1469000NE«04
0.14890N0NE+04
0.15090000E+04
0.1528000NE+0D4
0.15460N0NE+04
0.1568000NE+04
0.15880N00E+04
0.16080N0NE+04
0.16290N0NE+0N4
0.16490N00E+04
0.1671000NE+04
0.16890N00E+04
0.17n40000E+04
0.172506000E+04
0.17450000NE+04
0.176R0000E+04
6.17870NGNE+04

. 0.1R050N0NE~04

0.18250000Ee04
0.1845000NE+04
0.1865QNNNE+Q4
0.1RE850000E+02
0.19050N0NE+04
0.1925000NE+04
0.19450000E+04
0.19A5000NE+04
0.19850000E+04
0.20050N00E+N4
0.2029000NE+04
0.20450N0NE+D4
0.2065000NE+04
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INTERFACE STATIONS

N,10421000F+04 N,16029N00E+n4

GFNFRALIZED MASS FOR MODFS AND- MASS PROPERTIFS, MODES NOT MORMALIZFD
MODF 1 MADE 2 MADF 3
N.29957631E+06 N,28R63936F+N4 0.16221133E+04
MASS WFIGHTED MADFS FOLLNW
PT STATION nisP  MOPE 1 N1SP MODE? DISP MQODE 3

OB D LN

¢.0nnon0QGE+DN
N.12000000E«0?
0.33NNGN0C0E+N?
0.53000N00E+07
6.72000000E+C?
0.92000N00E+02
0.11100000E+0N3
0.127n0000E+0R
0.1490000NE+03
0.1690000NE+03
D.1R9NONOCE+OR
0.2110000NE+02
0n.22900000E+03
0.25100000E4+03
0.27n00000E+03
0.29000000E+NR
0.31nNNOONE+OR
0.330N000NE+D3
0.35000NONE+QT
0.37n00000E+0R
0.39nn0NONRE+DR
0.41000000E+03
0.43N0000GNE+03
N.4500N00NE03
0.470n000NE+03
0.4%000Nn0NE+03
0.51NNONCOE+DTZ
0.5300N00AN0E+03
0.55000000E+03
06.5700000G0E+0R
0.5900N0ANE+03
0.6100000NE+N3
0.63000N00E+0D3
0.65000000E+D3
0,670N0000E+03
0.6900000NE+D3
0.71000000E+0OR
0.73000D000F+D3R
0.75NN0000E+03

D.1R588169E~D1
0.7512%5n37E~01
0.9n010349E-N1
N.15662R84E+0N
N.12889629E+00
N.14668414E+0N
0.14439R11E+00
0.11533454E+00
0.899R(090NE=-01
0.815n3A3ISE-N1
0.1n236127E+0QN
0.R2282A67E-01
0.79211R817E-01
0.67527836E~-01
0.75111565E~-01
N.759676743E-01
N.71263923E~-01
0.66925377E-01
0.,A7868BRA74E-01
0.59150736E-01
0.51187595E-01
N.44493558E-01
0.4n234750E~01
N.3R511646E~-01
-,11661181E-01
-.12996837E~-01
-.14860210E-01
-,17140354E-01
-.19696910E-01
-.27490885%E-01
-.25376226E-01
-, 2R080710E-01
-.39654n06E-01
~.45395104E-01
-.51377648E-01
-.574865795E~-01
-.63877578E-01
-.7n315663E-01
-.776N0R03E~01

Cc-16

0.10772934E-01
0.43077431E-01
0.517R4854E-01
0.89728515E-01
0.73325183€-01
0.93558697F-01
N.B83265645E~-01
Nn.6433995KE-01
0.499723nEE-D1
N.446986ABF~-01
0.55442544E-01
0.437256661E~01
0.4N92839%E-01
0,31297681F-01
0.35237419E-01
0.34779863E-01
N.31725641E~01
0.287733%7E-01
0.27942771E-01
0.24234401E-01
N.2n996407E~-01
N.185160/6E-01
1.,17368228E-01
-.17504574E-01
~.12542140E~01
-.14324328E~01
-,1647915%52E~01
-.18940207E-01
~-,21605997E-01
-.24452R87E-01
-.27372344F-01
-,30113170F-01
-.31213795%€E-01
-.33258483E-n1
-.,35290438E-01
-.37271180E-01
~.3934480n6E-01
-.4138B27%7E-01
-.4426933%E-01

0.19107n21E-01
N.772589188&-01
G.907N8R40E=-N1
N.15655624E+00
0.12567291k+0N
0.15218910k+00
N.15919R68E+00
0.10£94142€+00
N.B4440Nn863E-01
0.73640855F-01
0.89877703F-01
0.63165685£-01
0.58243274&-01
0.25956359E-01
-.270742972F-01
-.35531440E~-n1
-, 39402L02E-01
~-,45425n72E-01
-.37566934£-01
-.32704345E-01
~.28295242E-01
-, 24642393E-01
-,22418A04E£-01
-, 21666674E-01
-.488R9408E-01
-,572532519¢-01
~.59228151¢£~-01
-, 682086169E-013
-.78708113&-01
-.,9N486051E-01
-,10275299E+00
-,11424370E+00
-.10544605E+00
-, 10052025E+0n
-,9%539n03%8-01
-.90423724F~-01
~-.85535R93F-01
-.8Bn563767F-01

-.77700771E~-01



6.77n0n0n0naNE+NR
0.79n0000NE+DT
0.81NNONONE+OR
n.83nnANoNnE+DT
0.B50N0NNNES03
0.A710n0N0NE+NR
0.86n0000NE+07
0.9NAN000NE+NT
0.932N000NE+03
0.949N00NNE+N <
0.966N0A0NE+NT
0.991000NNE03
0.10110N0N0NFR+N4
0.10310000F+04
0.105100N0E+N4
0.1n72000NFE+04
0.10920000E+04
0.110700G0E+04
0.117290N00NE+n4
0.11530n0NE+04
0.1171000NE+04
0.11910N0NE+N4
a.1210000nE+04
0.123n000N0E+N4
0.1250NNANE+D4
0.127n00nGNE+04
0.12R60N0NE+N4
0.13N9000NE+NA
0.13200N0NE+04
0.,1349000NF+04
0.13690N0NE+NA
0.1389Qn00E+N4
0.14D09000NE+N4
0.143Nn0N0NE+N4
N.144RNNDNE+DAS
0.14690N00F+N4
0.,1489000NnE+04
0.1509000NE+D4
D.15280000E+04
0.15460000F+04
0.156R000NE+04
0.158RONN0OE+04
0.1608000N0F+04
0,1629000NFEeN2
0.16490000E+04
0,167106000F+04
0.1#890N00E+02
0.1704000NE+(04
0.17250000E+N4
0.17450000E+04
0.176R0N0ONE+NS
0.1782000nE+D4
0.1R05G00NE+NA
0.1R250000E+nN4
0.1845000NE+04
0,1B650000F+04
0.1F850N0N0E+0NA4
0.1905000N0E+04
0.1925000NF+04
0.19450000E+04
0.19650000F+04
0.198SGNONE+04
0.20050000E+04
0.2079000NE+04
6.20450N0NE+04
0.2065000nE+02

-, 7h950659E-01
-.R1184n28E-01
-. A" 458555E-01
-.RGB55407E~01
-.93996761E-91
~.,204N93BAE-01
-,7728369AE-01
-.51205478E-01
-.54115028E-01
-.R7960717E-01
-.59256179E-01
~-.44579339E-01
~-.44593R23E-01
-.45646767E~-01
-,47155119€E-01
-.5260824nE-01
-, AAS551A82E-01
-.4%601R61E-01
-, 4n688714E-D1
~.94742RS7E-01
-.15513497Esnn
-.180B6161E+00
-.PN632R99E.N
-.21987324E+0N
-,22271334E+0N
-, 2233928B8&E+0N
-,13256A33E+0N
-,3N7n6%11€-~-01
-.772861183E-01
~.?22314451E-01
-, PR4RTLIIE~N1
-.2738B8151&-01
-.26481728E-01
-.77106RQ1E-01
-, 26B47A5ME-01
-.2N179783E-01
-.18430157€E-01
-, 16908235E-01
-,16941389E-01
-.21350661E-01
-.14663767E-01
-.17835702E~-01
~.14522539E~-01
-.175%4700E-01
-.735485%55E-01
-.26211R50E-01
-.3R25848NE-01
-,73774794E-01
N.19235275E-01
0.190084328E-01
0.2n1n0189E-01
0.7997270RE-01
0.1A1B8142E~01
0.17067259E-01
0.16414G66E-01
n,13311473E-01
0.13352A58E-01
n,13580734E-01
U.138725¢17E-01
0.14296369E-01
0.14565605E-01
n,14855192E-01
0,17297656E~-01
0.44318452E-01
N.B4447362E-01
0.R7946565E-01

c-17

~,4A9% /250F-01
-.495743R2FK~01
-.85221721RE-n1
~,549347R7F~-01
-,57496180E-N1
~,1249363NE-N1
-, 1A7NBR4TE-N1
-, 31379114E~-n1
-,.331851n5E-01
-, 634478NRE-01
-.43339432E-1011
-.31565554F-01
-,.297775n1E-01
-, 2R721343E-01
-,27381373E-01
-, 27R97764F-01
~.14786347E~01
~.2h607044E-01
-,214950944€E-01
-.23074333E-01
0.25180623E-01
0.5401N890F-01
N.4702410RE=-01
N.5958366NE-N1
0.65137195E-01
0.8A8992191E~01
0.53731271E~01
0.1995708NE~01
N.179639%4E-01
0.1734734%E-01
nN,14131063F=-N1
0.14597n8RE-01
N.1%145278E-01
0.17145395E~-01
N.,1R32042RE~01
1.2453562AE~-01
N.24722036~01
0.25005009E-01
N.27823893&~-01
N.32710776E~01
0.27919781E-01
0.P2A719497E-01
N.37416410E-01
n.44519712€-01
0.64102015%E-01
nN.74705132E~01

D0.74051982€-01 .

n.34952260E-01
n,29595N026E-01
N.3N661697F=-01
0.33701331&-01
0.51469720E=-01
0.2R7693NSE=-01
n.31082527€-01
0.3N875876F~-01%
N.72R497375E~-01
0.2R6N4900E-(01
0.2R743333F~-01
0.3N87R153E-01
0.31363698E-01
0.314727666E=-01
0.31478423E~Nn1
0.33514742E-~01
n.81777415¢F-01
0.,15344259E+0N
0.15171Nn39E+nN

~-.69344973E~01
~.61130R29E~01
-.53500564F~n1
-.46423025E~N1
~.4N172428F~11
-.10117n34F~n1
-.13121178F-01
0.3N828407F~nN1
0.3R473122F~01
0.470722473F-~01
01.37830499%9E~101
N.31690%43&-01
0.32831988E-01
0.35025777E~n1
N.37249923E~01
N.43111171E-Mm
0.41321262E+00n0
0.64400148F~01
0.52705822F~01
0,11338821&+00
0.17889230E+00N
N,.21440274E+00
0.233163209k+n0
N.26430727+00N
N.28228643E+00
0.3n516547E+00
N.1R756434E+00
0.49213621E~01
0.3%755238E~01
0.39866K35E~-0n1
0.41542718F~01
0.40094761FE~01
0.38879517k~01
0,4062518%E~01
0.4N614843E~01
n.35358405F~01
0.34700159F-01
0.37583311F-01
0.34400322F~-01
0.37514978E~01
N.29273R23E-01
0,26306100E-01
0.29826866F-01
0.34025981E-01
0.454914638E-D1
N.48557916E-01
N.686459762FE-01
D.33462510E-01
0.26465110&-01
0,25612901E-01
0.26038663E-01
0.37888317e~01
0,19551592E~01
0.19709707F-01
0.18047433E-01
N.15312224F-01
0.,14454524F-01
0.13943948F=-01
0,174195S0E-01
-.172173427€~-01
-.11698763F-01
-,11400993€-01
~,10462921FE-01
-.28208N031E-01
-.47992483F-01
-.50717370E-m



0.1498040NE+0N
0.14982464F+00
0.1524215GE+QN
0.1n32744BE+QN
0.89387638E~01
0.76623731E-01
0.128128B6GE+0ON
0.15595056E+00
0.12164769E+00
0.83958726FE~01
0.,67049263F~01
N.69691054E-01
0.,27476220E-01
-.13635187E~01
-.,17710376€E~01
-.30767276E~01
~-,57984050E~01
-.80615108E~01
-.11601759E+00
~.13050011E+00
-.15218555%E+00
-.17714356E4+00
-.20220522E+00
-.,22472807E+0N
-.16420152E+00D
-.15003847E+00
-.2N499188F+0N
-.26798888E+(N
-.848232326E+00
-.14848563E+GN
-.55865061E~01

106 0.2nB50000E+04 0.91244242E-01
167 0.21050000E+04 0.95698040E-01
108 0.2125000NE+04 0.1n419565E+00
109 0.21420000E+04 0.73389261E-01
110 0.21656000E+04 0.66813968E-01
111 0.21820000E+04 0.59364958E-~01
112 0.22070000E+04 - 0.10546476E+00
113 0.22250000E+D4 0.1424113RE+00
114 0.27440000E+04 0.12520111E+00
115 0.2264000NE+N2 0.99648233E~01
116 0.22860000E+n4 6.94811129E-01
117 0.23030000E+04 0.65220427E~01
118 0.2321000N0E+Q4 0.36204282E-~01
119 0.2344000NE+04 0.27933296E~01
120 0.23460000E+04 0.3n947549E~01
121 0.23890000E+04 0.49667617E~01
122 6.24050000E+04 0.86824251E~01
123 0.24260N00E+0N4 D0.1n825347E+Q0
124 0.24450000E+04 0.172285255E+00
125 0.24650000E+04 0.13013943E+00
126 0.24850000E+04 0,13801658E+00
127 0.25050000E+04. 0.14621984E+00
128 0.25250000E+0D4 0.15442510E+00
129 0.2545000NE+04 0.16076587E+0N
130 0.25620000E+04 0.11081251E+00
131 0.25880000E+04 0.93796324E~01
132 0.2606000NE+04 0.12238342E+00
133 0.26250000E+04 0.1531742%E+0N
134 0.26460N00E+04 0.25758007€E+00
135 0.26620006E+04 0.R4796952E~01
136 0.26800000E+04 0.26521756E-01
THREE PQOINT MODFS, MASS WEIGHTEN
" DISP PT 1 NISP PT 2
MODE 1 0.50599498E+0" 0.55407526E+00
MODE 2 N,318%92669E+«0n -.14861435E+00
MOBE 3 =.71157076E+00N

0.37049647E+0N

ORTHOGONALITY CHECK

012z -.15322257E+00
073= 0.62688772E~01
031z ~.25734169E+0N

Cc-18

DIsSP PT 3
0.26984763E+00
-.B608B69RE+ON
-.1873178%9E+00

-,53377355E~01
-, 56875137F~01
-,B4172854E~01
-, 56988573F~01
-, 55696715E~01
-, 50276095E~01
-, 66290434E-01
~-.8R483043F~01
~-.78027746E~01
~.61991769E~01
-,58582504E-01
-, 356656685~01
-.17660717E~01
~,11547594E~01
-.10790181E~01
-.14557147E~01
-, 27517424E~01
-,23835001E~01
-.25343465E~01
-,15875167E~-01
-,91758831€E~07
0.98952031E~07
0.14950860F~01
0.21225878E-01
0.18734930E-01
0.,20621905F~01
0.3n966216E~01 .
0.4382484%E-01
0.81440496E-n1
0.28556279E-01
0.95009184E-07



APPENDIX D

DAMPING COEFFICIENT PROGRAM

The purpose of this program is to obtain the damping coefficients as de-
scribed in Section IV. The program is written in FORTRAN IV as used on the
General Electric 415 located in the Chrysler Corporation Huntsville Facility.
This program generates damping coefficients from the input generalized damp-
ing and three-point modes. Included are input data description and format,
internal data description, FORTRAN IV listing, and sample output.

DESCRIPTION OF INFUT DATA SYMBOLS, DAMPING COEFFICIENT PROGRAM.

FORTRAN
SYMBOL DESCRIPTION FORMAT COLUMN
g Total number of cases 13 1-3
M Number of points in mode, 3

for three-point mode 13 1-3
NN Point to normalize omn, 1

displacement of 1lst stage, 2 for

2nd stage, 3 for 3rd stage 13 4-6
GDAMP(J) Generalized damping, 2§ WM

for the ith mode, j =1 through

3 for three-point mode. E15.8 1-45
FREQ(J) Frequency, wj, for the jth mode, E15.8 1-45
THETA(I,J) Displacement G%ﬁ of the jth

point in the i*™ mode, ©j;

DESCRIPTION OF INTERNAL DATA SYMBOLS, DAMPING COEFFICIENT PROGRAM

BB 043, where the ith mode is being normalized to the jth
point. NN is jmax.

TCTT(I,J) [e1[c][e]T

TIT(I,J) [o][e]®

ACT,T) ([elfe1my? c

B(I) Temporary calculation for forming the 1nverse of [e][e]

E(L,J) ([el[e]T) L (folf c el

G(I,J) [c] = ([elfel®y~L (lelf ¢ I[eITy (lelle]")-1



DAMPING COEFFICIENTS F0OR THREF POINT MODES

NIMENSION A(S.S).E(S.S).G(S,S).IAC(S).FRFQ(S).GDA#P(E),THETAlS,S)
NIMENSION TCTTI5,5),TTT(5,5),B8(5),C(5)

O DN D L)

READ 113
PRINT 113
PRINT 112
READ 107,10
no 50 Ji=1,1J4
READ 113 -
PRINT 113
PRINT 111
PRINT 127
READ 107,M,NN
TF(NNY2NN, 201,200

201 AMN=1

200 CONTINUE
NaM :

READ 1n2, (GDAMP(J),J=1,M)
READ 1N23,(FREQrIY, . J2° oMy

NA 8 )= .M

9 READ 102, (THETACT.J),1=1.M)

No 11 J=ti,M
PRINT 111

PRINT 110, J,FREODIJY,UTHETA(]  J)Y,121,M)

RB=THETA (NN, )
ng 10 lz21,N

THETA(I,J)=THETA(],JY/RR

1n CONTINIE

11 PRINT 126,NN,(THETA(T,J),[=1,N)

PRINT 111
PRINT 116
PRINT 111
PRINT 117
PRINT 111

PRINT 128, (GDAMP(J),J=1,M)

PRINT 111

nO 2n I=1,M
PO 20 J=1,M
TCTT¢l,Jy=n.0
TTT(1,4)=0.0
nO 20 K=1,M

TCTTCI,JY =TCTTCI,U)+THETAC],KISTHETA(J,K)*GRAMPIK:
TTTCL NN 2TTTCL D) STHETA(L KIS THETACJ,K)

20 A1, dy=TTT(L.
NN=N=1
Af1,1)=1.07A¢01.1)
nNo 1110 M=1,MN
K=Ms+1
NO 1160 1=21,M
n(‘):o-ﬂ
No 1160 J=1,M

1160 B{I)Y=B(IY+2(T,J)*A(J,K)

U=U.ﬂ
ng 1170 1=1,M
1170 N=zD+A(K, 1)=B(])

D-2



55
LY.}
&7
58
s9
AD
A1
~2
A3
A4
3]
LY
a7
A8
~Q
70
71
72
73

7%
76
77
78
79
)}

a2
83
54
»5
R6&
87
kg
%9
ag
o1
02
03
04
95

97
S8
G9

ing
ir1
in2
1n3

1n4
115

Dzs~ND+A(K,K)
A(k,¥%)=1.0/
Na 1180 1=1

D
M

1180 A(],K)=-R{I)*A(K.K)

nNg 11%n Jd=1
ctJdy=an.o0
No 149n I=1

WM

oM

1190 C(JY=C(JI+8(K, TY%A(],J)

ng 1100 J=1

M

1100 A(K,. ))==-ClJ)®A(K,K)

ng 1110 =1
00 1139 J=1

M
M

1110 A(l, =AY =-B(T)=A(K,J)

no $n I=1,M
na 3(’ J=1|N
fel,J0)=0.0

N0 3N K=1.M

30 6(1, =G, JY+A(T,K)$TCTT(K,J)

N 40 I=1,Mm
No 4n J=1.,N
F(l.J):ﬂ.G

PO 4N K=1,N

40 E(1,)=EC], U146, KYIRA(K,J)

PRINT 106
PRINT 111
PRINT 12N,
PRINT 111
PRINT 121,
PRINT 111
PRINT 122,
PRINT 111
PRINT 123,
PRINT 111
PRINT t24,
PRINT 1114
PRINT 125,
PRINT 111
PRINT 111
PRINT 111
PRINT 111
50 PRINT 112
102 FORMAT (5E1
106 FORMAT (40H
107 FORMAT (25
110 FORMAT (10H
$))
111 FORMAY (1M
142 FORMAT (1M
143 FORMAT (ROM
$
116 FORMATY (80
$
117 FORMAT (50
120 FORMAT (9M

Et1,1)
E(1,2)
EC1,3)
Et2,7)
Et?2,3)

E(3,3)

5.8)

DAMPING COEFFICIENTS

I3y

MANE

0)
1

H GENERALIZED DAMPING COEFFICIENTS

11 13,16H,

] MADE 1

Cils=

1E15,.8)

D-3

MODE

FREQIENCY,

2

»1E15,.A,3(3K

#ODE 3

)

IEjSla



1iré 121 FORMAT (9K Ci12=z ,E1%.8)

1n7 122 FORMAT (9H C13= ,LE15.8)

1n8 123 FORMAT (9H €22z ,F15.8)

119 124 FORMAT (SH €23= ,F15.8)

110 425 FORMAT (9H C33= ,L,F1%.8)

111 126 FORMAT (24H MAORMALIZFD TO POINT,I1S$,17H 1 33
$ ,F15.8))

112 127 FORMAT (48H »18HNIS
P PT 13 »1BHDISP PT 2 »184DISP PT 3 3

113 " 128 FORMAT (S5(3H +F15,8))

114 FND
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CARD NO.

[t

O 00 ~N O B~ WwN

7 10

, sle . 20 .« FORTRAN CODING FORM
INITIAL TITLE CARD, T TN B L
J e L RN SV S EEE ST
. : Ist, SET TITLE CARD ., . .. . .y . o
M NN N BT B S A N I .
_GDAMP() | o eoamp(2) |, | GDAMP@)
_FREQID | FREQ(2) , |  FREQ®) ., |
THEFAMD | THETA(2,0), | THETAGN ,
THEFAWL2) | | . THETA(2Z2), _ THETA(3.2), ., .
THETAU,3) |  THETA(,3) | . THETAGS.3) . .

J TOTAL SETS OF CARDS 3 THROUGH ©

D-6
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ABSTRACT

The structural damping of the Saturn vehicle is determined in terms of
damping characteristics of individual stages and interfaces. Using these
. damping characteristics of the individual stages and interfaces, an analytical
method was developed to compute the overall vehicle modal damping coefficients
for various bending modes. This approach can also be used to obtain the modal
damping of clustered arrangements knowing the individual damping characteris-
tics of upper stages, payloads, and interfaces. '




