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SUMMARY

An approximate method for calculating the longitudinal and torsional
natural freguencies and associated modal datg of & beamlike, variable cross
section multibranch structure is presented in this paper.

Natural vibration characteristics of systems having discpntinuous
Physical properties are usually most conveniently solved by means of the
digital computer. The procedure described in this paper is the numerical
integration of the first order differentiasl equations that charscterize
the beam element in longitudinal motion and that satisfy the approprisate
boundary conditions.

Numericsal examples included in this paper are an application to a solid
fuel launch vehicle and an idealized beam. A complete description and

discussion of the computer program is aslso provided.



INTRODUCTION

It is often necessary to determine the longitudinal snd/or torsionsl
natural frequencies and related modal data of structures since they provide
basic dynamic information. Typical structures which require knowledge of
the longitudinal or torsional vibration cheracterigtics include piles,
turbines, machine shafts, bridges, and towers. Natural ﬁode characteristics
are also a valuable tool in analyzing the responses of a structure due to
disturbing forces.

In all but the most elementary beams, approximate methods must be uti-
lized to determine the longitudinal or torsional natural frequenciegs. There
are numerous references of approximate methods to calculsate the longitudinal
natural frequencies for varigble cross section beams (see references 1,

2, and 3). However, there is a scarcity of available references to
calculate ?he longitudinal frequencies of branched beams; in particular
when the branches are partially constrained to the main member,

The purpose of this paper is to present an approximate method for the
calculation of the longitudinal natural frequencies and mode shapes for a
veriable cross section, multibranch beam. This method is derived for the
general case in vwhich four arbitrary members intersect at a Joint., Als=o,
the branches may be fully or partially constrained to the main member.

The calculation of the longitudinal natural frequencies for a
variable cross section beam has been treated by both a stiffness and
flexibility matrix approack (references 1 and 4). In the stiffness maetrix
approach, the beam is idealized as a number of point masses connected by
springs. The simultaneocus equations of harmonic motion for the point masses

when written in matrix notation, ¥ield an eigenvalue problem which is
2



splvable by standard methods.

One disadvantage of both the flexibhility and stiffness matrix methods
is that considerable time may be spent averaging the pfoperties. Another
disadvantage is that it may require the storage of very large matrices in
" the computer. In fact, for some cases, the number of masses required for
accuracy may be greater than the computer storage capability.

The method presented in this paper utilizes a finite difference approach.
The station properties are computed from one end of the beam to the oﬁher
by numerical integration. This offers an important adventage for continuous
structure55 Through & recurrence equation, a very lérge number of stations

may be utilized without storing a large matrix in the computer.



A(x)

E{x)
G(x)
Ip(x)

J(x)

m(x)

P{x)

T(x)

y
U{(s,n)

Y(a,n)

SYMBOLS

stressed cross-sectional area, inch2 (meterz)

matrix (see equation (10))

matrix (see equation (19))

modulus of elasticity, pounds/inch2 (newton/meterz)

modulus of shear, pound/inch2 (newton/metérz)

polar mass moment of inertia, pound-second2 {newton - secondz}
polar moment of inertia, incha (metersa)

overall length of main beam (see sketch 11)

pound - second2 (newton - secondz)

mass per unit length, 2 3
inch meter
total number of structural members

axial force, pounds (newtons)

torque, inch-pounds (meter-newtons)

time, sec.

modal displacement in the axial direction, inches (meters)

modal deflection of the nth integration station of the sth
member, inches {meters)

modal acceleration In the axial directionm, inchea/secondz

(meters/secondz)
matrix (see equation (8))
longitudinal coordinate along beam centerline, inches (meters)

longitudinal coordinate at the nth integration stationm,
inches (meters)

increment in recurrence solution, *,477%, , inches (meters)

‘matrix (see equation (15))}

the state vector at the nth integration station of the
sth member



Y'(s,n) the X derivative of Y(s,n), %% (s,n)
Z the combination of all the state vectors at the boundary

a(s) translational flexibility constant between members s and {1,
inch/pounds (meter/newtons)

B(s) Spring constant between member s and ground, pounds/inch
{newtons/meter)

n constant (see equation (54))
¥ (w) matrix (see equation (37))
L(x) amplitude of mode shape, unitless
f(x,t) cross-section rotation (radians)
W circular frequency

Subscripts
i index denoting the ith beam or branch
i index denoting the jth beam or branch
k index denoting the kth branch
L index denoting the &4th branch
s index denoting a general beam or branch
r(i) rth station of the ith beam or branch
r{j) rth station of the jth beam or branch
r(k) rth station of the kth branch
r(l) rth station of the Lth branch
r(s) rth station of the sth beam or branch

Matrix notation

{1} column matrix

[ ] square or rectangular matrix
L.J row matrix

1l identity matrix



ANALYSTIS

Two first order differentiasl equations are developed for & beam element
in longitudinal motion. The two equations are the elastic equation which
relates the displacement function to the axiel force and axial stiffness and
the dynamic equation {D'Alembert's Principle) in which the inertial forces

.are equated to the applied forces. These equations can be put in metrix
notation and integrated along the beam by s numerical procedure.

Each end of & beam is considered a Joint. A method is developed for
determining the boundary wvalue equations at each joint. By combining all
boundary value equations into products of a coefficient and station property
matrix, it is demonstrated how the naturel frequencies and corresponding mode
shapes can be calculated. The derivations are based on one dimensional
beam theory; therefore to apply this method to structures for which one
dimensional beam theory is not applicable, one must proceed with

reservations.



Derivation of Equations for a Single Beam

Undergoing Longitudinal Motion

Variable cross section beam.

Sketch 1.

Consider a gemersl non-uniform beam of sketch 1 which is vibrating in the -
longitudinal direction. If an element of width dx is removed from the

beam then we have the following inertisl snd applied forces of gketch 2.



m(x)ﬁ(x,t)dx

—4—-—-—-——--'
|
i
P(x) P(x) + 3P,
ax
e A% gt
Beam element in longitudinal motion.
Sketch 2.
Summing forces we get
P + 220 P py) Cm(x) § (x,t) ax = 0 (1)
P (x) .“
5% = m{x) U (x,t) (2}

Assuming that the element vibrates in simple harmonic motion of frequency

wt

w and amplitude Z(x), then, U(x,t) C(x)ei or

U (x,8) = ~a° U (x,t) (3)

Substituting equation (3) into equation (2), the equation of longitudinal

motion for the beam element becomes



% x) = -m (x) «® U (x,%) ' ()

From elementary heam theory the equation relating the displacement function

t0o the axial force and axial stiffness is

U 4y = —Ex) (5)

If the beam is assumed to vibrate longitudinelly in simple harmonic motion

then we can characterize the axial force and displacement as

it

P(x,t) = P(x)e

(6}
iwt

i

U(x’t) U(X)e

where i = v -1

Equation (4) and (5) can be written in matrix notation as

or
{Y'(x)} = [w(x)1{¥(x)} (8)

| 7)
vhere Y' = Q%ﬁ&l and Y(x} = u . (9)



Method of Integration

We can integrate this matrix along the beam by & variety of numerical

procedures.

matrix is given by the following

{x .}=

1
e+l {Yn} * 5 [{kl} + {ke}]

vhere {Y } = {¥(x))} and &% =X ,4-x

n
()} = ax (w1 {Y }
(e} = ax (W MY} o+ {k }]

Replacing the k vectors leads to

v ,}=L[0a){y}

The transfer matrix has the form

Ax sz

(A = [~1] + 2 L0 ]+ (0 1)+ =2 (w0

Combining these matrices, & Tbecomes

(v, ]

r 2,2 2
- m oW Ax -(mn+1 + mn) &Xﬁ w
[ ] 2 An En 2
A =
Ax m m2 Ax2
n 1 + 1 1 . B n
i 2 An+lEn+l AnEn 2An+lEn+l

For example, the second order Runge-Kutta integration of this

(10)

(11)

(12}

(13)

(14)

(15)



Therefore (13) may be written as:

3 a
(=1 o (16)

Derivation of Member Influence Matrix

The member influence matrix relates the right end boundary conditions
to the left end boundary conditions. For example, in sketch 3, the left

end boundary conditions are P(s,l) and U(é,l) and the right end boundary

condiﬁions are P(s,r(s)) and U(s,r(s)).

P(s,1) P{s,r)

U(s,1) ' U(s,r)
Left end , Right end
Sta., 1 Sta. r

Typical structural member .

Sketch 3.

The right end boundery conditions can be related to the left boundary

conditions by the influence matrix [B] and takes the form of

P(s,r(s)) | P(s,1)
- = [B(s)] | (1)
U(s,r (8)) U{s,1})

11



The member influence matrix [B{s)] is computed by means of successive
multipliecation of the previously developed interval transfer matrix,

[A(s)]. TFor the typical member of sketch 3

P(s,n+l) P(s,n)
(18}
= [A(s,n)]
U{s,n+l) U(s,n)
Each interval transfer matrix relates the station properties at the two
ends of an interval. For example, again referring to sketch 3
[B(s)] = [A(s,(r(s)-1))] [Als,(r(s)-2))] . . . [A(s,1)] (19)

Elements of the interval transfer matrix are functions of the frequency and
Physical characteristics which mark the boundary of the interval. Equation
(17) can now be written in terms of the state vector for the sth beam with

integrating stations n =1 to n = r(s),

{%(s,(x{s)R = [B(2)] {¥(s,1)} {20)

12



Derivation of the Boundary Equations of a Joint

Having from One to Four Structural Members

W\

Ground

Typical Jjoint of & multibranch beam.

Sketch L.

A multibranch beam can be considered as a truss-like structure which
consists of several members tied together by a series of Joints. At each
Joint the boundary values must satisfy a set of equilibrium and compatibility
eqguations.

A general set of boundary equations is derived for four arbitrary
members which are designated by the indices i, j, k, and & (see sketch 4).
The joint\representation allows for a general flexibility constraint between
the members i or J and each of the other members. Alsc included are
provisions for a general elastic constraint between members i or J and an
ekternal ground. A ground éonstraint can be pleced on member |} ohly when

member i does not exist.

13



Bquilibrium equation.- If the joint in sketch b is removed, and a freebody

diagram is made of fhe sxial forces

P(k,r(k})

{

B(1),u(i,r (1))

P(1,r(i)

Ground

Freebody disgram of axisl forces on joint.

Sketch 5,

The equilibrium equation for all the forces acting in the longitudinal

direction is

P(1,r(1}) + P(k,r(k)) + B(1) U(4,r(i)) - P(R,1) - P(3,1) = O (21)

Equation (21) is derived on the assumption that four members are present,
however this equation is valid for less than four members at the joint.
Also the Joint may be free of the ground constraint by setting PB(i) equal

to zero. Then equation (21) msy be rewritten as

P(i,r(1)) + &(k) P(k,r(k)) + R(1) U(i,r(1)) - 6(2) P(8,1) - §(3) P(3,1) = o0

(22)
14



where 8( ) =0 for {Y=0

( §( ) =1 for ()Y#0
‘and 1, j, k, or 1 = 0 if not present at joint

[F]

In the special care where member i 1is not present then the

equilibrium equation is

. B(j)u(jsl)" P(j:l)| =) . o . (23)

A freebody diagram of the axial forces on the joint of sketeh 4 when members

.1, k, and 1 are absent is illustrated in sketch 6.

B(3)U(,1) P(3,1)

O —

Ground

Freebody diagram of axial forces on joint with member i missing.

‘Sketch 6.

Compatability equations.~ There is a compatibility relationship between the

mein member {i or J) and each branch member. The compatibility equations
are derived on the assumption that there is no relative displacement between

members at & joint except through spring deformations.

15



I———+U(j,1)

0 (1)

AN
P(i,1)

Bemaueeny

——U(i,r(i))

Compatibility relationship with member i and 3 present.

Sketeh T.

Ui, r (1)) + af{j) P(3,1) ~ U(j,1) = 0 (2L}

v
2

(£,1)

(1,r(1))

Compatibility relationship with members i and . £ present.

Sketch 8.

16



U{i,r(i)) + a(®) P(L,1) ~ U(%,1) = 0 : (25)

P(k,r(k))
e
a(
k ¥
| U(1,r(1)
Ulk,r(k))
1

Compatibility relationship with members 1 and %k present.

Sketech Q.

Ui, r{1)) - a(k)P(k, r(k)) - Uk, r(k)) (26)

The state, vector (equation 9) can be put in the form

P(1,r(s})
{Y(i,r(s))} = (27)
U{i,r(s))

Utilizing (27), the equilibrium equations (22) and (23) can be combined

to give

17



S(LLL ALY JLY(E,r{i))} = &(11 (8(1) - 1) 8(NHY(3,1)}

+ 8(4) 8(x)11 oy {v(k,r(x))} - 6(i) 8(2)[1 o){¥(L,1)} =0 (28)

The three compatibility equations, (24} through (26), cen be written as a

function of the state wvector.

§(1)8(3)o 1]{¥(1,r(iN)} - snst-a(d) 1H{Y{5, )}k =0 (29)
(i8N0 1 {Y{i,r(iM)} - 8(1)8(K)Malk) 1H{¥Y{x),r{x)} =0 {30)
S(1)8(2)1o 1]{Y(i,r(1))} - 8(i)8(2)-a(2) 1 H{¥(L,1)} = © (31)

From equation (20), we have the relationshipfor the sth beam at the last

integration station to the sth beam at the first integration station.

{¥(s,r(8)) )= [B(s)]{¥(s,1)} (32)

By substituting equation (32) into equations (28), thru (31) the final form

of the four boundary value equations is cobtained.

18



§(1)11 B(4)][B(1)14Y(1,1)} - 8(I)L1 (8(1) - 1) B(I) H{¥(d,1)}

S(4)8() 11 o){Y(2, 1)} = 0 (33)

+ 8(1)68(k)11 0] [B(k)}{¥(k,1)}

§(1)8(3) 0 1[B(1)I{¥(1,1)} - 8(1)6(I)1-a(d) 1y{¥{J, 12} =0 (34)

§(1)8(x)[0 LI[B(1)HY (1,13} - 8(1)8(kM (k) 1)[B(k}I{¥(k,1)} = 0 (35)

8(1)8(2)10 1I[B(1){¥Y(i,1)} - 8(1)8(2)-a(R) 1J{¥(2,21)} = 0 (36)

When applying these boundary value equations to a particular Jeint, any
member and it's respective equation can be left out by setting it's index
equal to zerc. There are more unknowns then there are equations at each
Joint. The boundery values &t each Joint can only be found by solving all
of the equations simultanecusly. The complete set of boundary value
equations for the structure can therefore bhe written collectively as s
product of the beam boundary conditions colﬁmn matrix and the coefficient

square matrix.
[ywHzl =0 | (37)

Calculation of the Natural Fregquencies
The nontrivial sclution to equation (37) reguires the vanishing of the

coefficient determinant

[y{w)] = 0 (38)

19



The expansion of the determinant of (38) yields the characteristic equation
which is polynomial in w. It is necessary to conduct a trial search by
gsuccessive approximetion of the eigenvalue @ to find the characteristic
roots (or natural freguencies) which satisfy eé. (38).

For each characteristic root of equation (38) there is a corresponding

eigenvector {Z} where

Y(}.l)
@} = |y (39)
where
P(s,n)}
{¥(s,n)} = (4o)
U{s,n)

The value of {2} can be determined by setting an arbitrary non-zero element
of Y(1,1), equal to unity aml solving for the remaining elements in terms
of the unit element from {2}, creating{zmod}, The corresponding row is
removed from Ey(w)] the corresponding column is moved to the right side to

convert {37) to the following

«{z .} = -{column} (41)

[Ymod] mod

This set of simultanecus equations is solved for{zmod}. That element
which was previously removed is then returned to{zmod}, forming the
solution vector {Z}. After the left end boundary conditions of a beam are

determined, then the {Y¥(s,n)} modal data can be determined at each integration

20



" |station along a segment by successive use of the recurrence equation (13).

{v(s,n+D} = [ 1{¥(s,n)} (42)

If the rate of change of the modal properties are desired, then from

equation (8}

Y (s,m)}= [ wl{¥(s,n)} (43)

‘Tt should be noted that this method is applicable for determining the modal

data corresponding to eny frequency.

Application of the Method to Torsional Vibrations

If the elastic exis of all besms and branches are everywhere
concentric, it is also possible‘to derive the two first order differential
equations for torsional vibrations analogous to the longitudinel vibration

equations.

21



|_3

T T+3
3

i

Beam element in torsional motion.

Sketch 10.

By D'Alembert's Principle, the dynamic equation for torsional motion is

found to be
~T(x) + T(x) + 9T(x) dx - I {x) -3—59— dx = 0 (Lh)
ox T N
or ) 2
3T(XR)  _ 378
™ -Ip(x) ;;5 (Ls)

If simple harmonic motion is assumed, then
s 2
8 = -w” B(x,t) (46}

Substituting equation {46) into equation (45)

_g%(x) = -IP(x) W 6(x,t) (u7)

22



For lengitudinal vibrations, the corresponding analogy is

%"‘)‘ = _m(x) w® Ulx,t) (48)

The elastic equation for the cross-sectional rotational function for a

concentric member is

30(x) _ _T{x)
ax  J{x)G(x) (k9)

The corresponding equation for the longitudinal displacement function is

U(x) _ _ P(x)

ax  A{x)E(x) (50)

If equation (48) is compared with equation {47) end equation (50) is compared
with equation (L9), it is seen that JG is analogous to AE, I is analogous
to m, and B8 is analogous to U. Therefore by replacing JG, IP, snd 8
ﬁith AE, m, and U, respectively, all of the previously derived equations
for the longitudinal vibrations of beams can be applied directly to torsional
vibration analysis of beams whose elastic equation and equation of motion

are characterized by equations (L7) and (49).

23




NUMERICAL EXAMPLE FOR IDEALIZED BEAM

For the purpose of illustrating the procedure to calculate the
longitudinal and torsional vibraticns, an idealized beam is shown in sketch
11. This example consists of a solid uniform circular shaft attached by
8 spring to the inside of a cylindrical shell. The spring is assumed to
elongate only in the longitudinal direction. The physical characteristics

of the idealized beam are provided in the computer program discussion,

Sprin
Cylind pring
/ yiinder - s Solid Shaft

e e r——

A -

!f— 2L/ 3 >

Idealized beam.

Sketch 11.

Matrix Formulation for Idealized Beam

The procedure, as outlined in the analysis, is to write the boundary
value equations for each joint; put the equations in matrix notation, and

arrange as a product of the coefficient matrix and station property matrix,
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~The mathematical model of the idealized beaﬁ is illustrated in sketch 12.

Beam Member Number

O

2 O3
1\ 3 o4
Joint Number
Numbering of joints and members.
Sketch 12.
[y(w)I{z} =0 (50)
Beam Member
Joint Number 1 ' 2 \ 3 ]
l i AN
(1) l1 0] Py
(1 oJ(B(2)}]! 11 oJ[B(2)] -1 o] N
(2) Lo 1[B(1)]} -1-a(2) 1](B(2)] -lo 1] <' p2$
lo 1]}[B(1)] U,
(3) -11 0] P,
(%) ' 11 o][B(3)] 3 U3
(51)
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The vanishing of the coefficient matrix of eq. 51 is necessary to determine

the natural frequencies, i.e.

[y(w)l =0 (52)
-11 0}
(1 ol(B(1)]} 1 ollB(2)] -l1 o]
Lo 1J[B(i)] -[-a{2) 11[B(2}]
Lo 1J[B(1)] -10_ 1) " O
-11 0]
I | {1 ollB(3)]
(53)

Sketch (13) illustrates the plot of |[y(w)}| vs. w. The natural

frequencies are obtained when |[y(w)]] = 0.

{[y¢w) 1!

Lr—-"'*"‘":;E;:_________,,,E;;;_

2

w-———-———h—

Natural frequencies of ideslized beam.

Sketch 13.
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Calculation of the Modal Data

The longitudinal mode shapes and natural frequencies are illustrated
in figure 1. The first mode shape corresponds to the spring mode. The
second mode shape corresponds to the first natural longitudinal frequency
of the ;ylinder. The third mode shape corresponds to the first natural
longitudinal frequency of the shaft, and the fourth mode shape corresponds
to the second longitudinal frequency of the cylinder.

The mode shapés assoclated with the natural torsional frequencies of
the idealized beam are illustrated in figure 2. The first mode shape
corresponds to the first natural torsional fregquency of the shaft. The
second mode shape corresponds to the first natural torsional frequency of

the cylinder. The third mode shape corresponds to the second natural

torsioﬁai frequency of the shaft, and the fourth mode shape corresponds to
the second natural torsional frequency of the cylinder.

In order to demonstrate the plotting capability of the program the
Calcomp plotting instruction card is illustrated in figure 3. The modal

data obtained from the Calcomp plot are illustrated in figures 4-8,

This simple numerical example demonstrates the versitility of the
program by illustrating that it will calculate the spring modes, branch

modes, and beam modes.
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TYPICAL LAUNCH VEHICLE APPLICATION

In order to démonstrate the application of the matrix solution to &
‘more realistic structure, a numerical example of an application to a solid
fuel booster system is presented. The following assumptions apply to the
analysis:

(1) The solid-fuel mass is considered to adhere to the sides of the

veﬁicle along the length and has has no motion relative to the vehicle,

(2) The contribution of the fuel stiffness to the vehicle axial

stiffness is negligible.

(3) Damping is considered to be negligible.

(4) A1l deformatiomgare one-dimensional and no consideration is given to

bending or breathing effects of the cylindrical shell wall.

The vehicle physical cheracteristics were taken from reference 1 and
are tabulated in tables I and II. These data are shown graphically in
figures g and 10. The payload parameters were selected for a typical payload.

Utilizing the method outlined in this paper the natural mode shapes
and frequencies were obtained. The longitudinal natural mode shapes for the
vehlicle and payload are given in figure 1], There is good correlation between
the natural frequencies calculated by the lumped mass method of reference 1
and those calculated by the method discussed in this paper. The frequency
comparisons are illustrated in table IIX. The finite difference method is
believed %o be more accurate for two reasons. The first reason is that
there were approximately ten times as many integrating stations in the
finite difference method as there were lumped masses. The other reason
the finite difference approach should be more accurate is because the

¥ scontinuities were accurately input in the program.
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DISCUSSION OF METHOD APPLICATION

Computational Accuracy
Some of the peints of interest to the user in the gpplication of this
method are discussed in this section.

Choice of the number of integration stations.- Usually the choice of the

.number of stations will present no problem because linear interpolation
between the input physical characteristics will provide the number of
stations necessary for sufficient accuracy. The computer program developed
for this anelysis has an upper limit of 20 members (main beam and branches)
and up to a total of 600 integrating stations. However, in order to optimize
the computer processing time, consistent with the required accuracy it is

not usually desirable to utilize the maximum number of stations available

in the program.

In order to examine the accuracy of the method discussed, comparisons
were made between exact and approximate solution for e beam of exponentielly
varying cross section. For the approximate solution, the beam was divided
into n equally spared intervals with the station properties input at each
interval.

If the eross section varies as

Alx) = Aoe (Sk)

The theoretical selution for the natural longitudinal vibraticns of the
exponentially varying beem is derived in reference 1. The parameter used

for frequency comperison (Appendix A of reference 1) is the percent error.
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W - W
exact approx.
w

Percent error = x 100

exact

The percent error for the first five elastic modes as a function of the
total number of integration ststions is given in figure 12 for the netural
frequencies calculated by the method discussed in this paper vs. the
theoretical natural frequencies. For this error analysis, the cross-
sectional ratio of the beam ends in approximately 50. Even with this large
variation of the cross-sectional area, it is found that the accuracy of the
netural frequencies is primarily dependent on the number of integration
stations rather than on the wvariation of the cross-sectional area. The
first five natural longitudinel frequencies of the exponential beam were
determined to be within one percent of their theoreticasl values when only
75 integrating stations were utilized. It hes been found that & good

rule of thumb for determining the minimum number of integration stations

is L/100.

Advantages of the Recurrence Method for Longitudinal and Torsionel Vibration
Anelysis

The prime advantage of the theoretical method over the lumped mass
approach for determining the longitudinel wvibration of beamlike structures
ls that the physical characteristics may be input directly, rather than
resorting 4o a finite element representation and averaging the properties.
Therefore, the input time is greatly reduced. Another important advantage
is that the method is appropriate to highly discontinuous structures.
Cther advantages of the method are that it is appropriate to any boundary

condition at the end point of & branch or beam and that a very large number
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of stations may be utilized without the storage or inversion of large

matrices.
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CONCLUDING REMARKS

A finite difference method for the analysis of longitudinal and torsional
vibrations of nomuniform multibranch beams is presented. The end of each
beam or branch may be fully or partiaslly constrained to the main member.

The equations have been programmed for the CDC 6600 Series Computer Systems
-and have given excellent agreement when compared with numerical exsmples and
exact solutions.

A numerical example of_the procedure to calculate the longitudinel
and torsional characteristics of an idealized beam along with an application
of the method to & lsunch vehicle are provided. Comparisons of the method
with exact solutions indicate that the eccuracy of the solution is
practically independent of cross-sectional variation, but is primerily
dependent on the number of integration stations.

The primary advantage of this method is that highly discontinuous
physical characteristics may be input directly. Another important advantage

of the program is that the boundary condition may vary from fixed to free

at each joint or end.
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TABLE I
PHYSICAI, CHARACTERISTICS OF LAUNCH VEHICLE

X, X, m, ) m, | AL AE
in. meter lb-gec / Newton—secz 1b Newton
in met erz xlo-s xlO-l
0.000 0.0000 0.036808 253.782 160.00 71.168
15.800 0.ko13 0.0Lk6624 321.461 295.00 131.266
15.800 0.4013 0.046624 321.461 295.00 131.266
17.276 0.4388 0.0hE624 321.461 265.00 131.266
17.276 0.4388 0.0LE624 321.461 280.30 124,683
22.270 0.5658 0.0L46624 321.461 280. 30 124,683
22,270 0.5658 0.0L6624 321.461 309. 40 137.627
24,876 0.6318 0.0Lk662Y4 321.461 309.40 137.627
24,876 0.6318 0.046624 321.461 1201.70 534,540
27.176 0.6903 0.04k662Y4 321.461 1201.70 534,540
2T.176 0.6903 0.046624 321,461 504, 40 224, 367
29.776 0.7563 0.046624 321.461 504,540 22k, 367
29,776 0.7563 0.0k6624 321.461 613.60 272,942
31.776 0.8071 0.0L6624 321.h461 613.60 272.942
31.776 0.8071 0.0L46624 321.461 699.90 311.329
33,776 0.8579 0.046624 321.461 699.90 311.329
33.776 0.8579 0.0u662k 321,461 2350.k0 10L45.50k
34.900 0.8864 0.0L6624 321.461 2350.40 10L45.50h
34.900 0.8864 0.071398 Lg2.272 2350.L40 1045.50h
36.576 0.9290 0.071398 Lop, 272 2350.40 1045, 504
36.576 0.9290 0.071398 kg2,272 841.88 3T4.485
39.976 1.0153 0.071398 oo, 272 841.88 374, L85
39.976 1.0153 0.071398 Lg2.272 689.30 306.614
41.176 1.0458 0.071398 Lg2.272 689.30 306.614
41.176 1.0458 0.071398 Lg2,272 316.70 104,874
L1.576 1.0560 0.071368 hg2,272 316.70 104,874
41,576 1.0560 0.071398 hoo.272 576. 40 256. 394
Ly, 276 1.12k5 0.071398 hg2,272 576.40 256, 394
Lk, 276 1.1245 0.071398 ko2, 272 316.70 140.87L
45,400 2.1531 0.071398 4hg2,272 316.70 1L0.874
45,400 1.1531 0.049883 343.931 316.70 140,874
48,176 1.2236 0.0L49883 343,931 316,70 140,874
L8.176 1.2236 0.049883 343,931 576.40 256.394
53.176 1.3506 0.049883 343,931 576.40 256.39k
53.176 1.3506 0.0k9883 343,931 316,70 140,874
116.576 2.9610 0.049883 343.931 316.70 140.87h
116.576 2.9610 0.049883 343,931 576. 40 256.394
118.000 2.9971 0.049883 343.931 576.40 256, 39k
118.000 2.9971 0.059360 %10.L86 576.40 256.394
119.576 3.0372 0.059360 410.L486 576.40 256, 394
119.576 3.0372 0.059360 Lk10.486 316.70 140,874
177.076 4. hoTT 0.059360 410.486 316.70 140,874
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TABLE I (Continued)

PHYSICAL, CHARACTERISTICS OF LAUNCH VEHICLE

X, X, m, 5 m, AE AE
in. _meter 1b-sec”/ INewton-sec> 1b Newton
in® neter? x1076 x0~t
177.076 L, 4977 0.059360 410,486 576.40 256,304
180.076 4.5739 0.059360 410.486 576.40 256, 39k
180,076 L,5739 0.059360 410,486 316.70 140,874
185,176 L.7034 0.059360 410.486 316,70 140. 87k
185.176 L. 7034 0.059360 410.486 841.90 37k Lok
187.676 L. 7669 0.059360 410.486 841.90 37k, kol
187.676 L, 7669 0.059360 L10.486 316.70 1L0.87L
187.776 L. 7694 0.059360 410.L86 316.70 1L0.87h
187.776 L, 7694 0.059360 410.486 1041,30 L63.191
188.776 L, TOL8 0.059360 410.k486 1041.30 463,191
188.776 L, 7948 0.059360 410.486 2klg,20 1089.453
189.100 k.8031 0.059360 410,486 2hLk9.20 1086, 453
189.100 L.8031 0.100380 692,096 2hkg .20 1089.5453
192.776 L, 896k 0.100380 692,096 2449, 20 1089,453
192,776 L, 495, 0.100380 692.096 39.00 17.348
193.100 L.goL4T 0.100380 692.096 39.00 17.348
193,100 L.goLT 0.007668 52.869 39.00 17.3L8
201.156 5.1093 0.007668 52,869 39.00 17.348
201.156 5.1093 0.00T668 52.869 78.00 3kL,696
282,200 5.1358 0.007668 52. 869 78.00 34.696
282.200 5.1358 0.018549 127.891 768.00 34,696
203.756 5.1753 0.018549 127.891 78.00 34,696
203.756 5.1753 0.018549 127.891 112.80 50.176
204.200 5.1866 0.018549 127.891 112.80 50.176
204,200 5.1866 0.012378 85.343 112.80 50.176
209.382 5.3182 0.012378 85.343 112,80 50,176
209,382 5.3182 0.012378 85.343 135.20 60.140
211.700 5.3771 0,012378 85.343 135.20 60.140
231.700 5.3771 0.025331 17h.651 135.20 60.140
214,300 5, hL32 0.025331 174,651 135.20 60.1%0
214,300 5.4432 0.025331 17h.651 369.20 164,228
215,100 5.4635 0.025331 1T7L.651 369.20 164,228
215.100 5.L635 0.025331 17h.651 130.00 57.827
219.556 5.5767 0.025331 1Th.651 130.00 . 5T.827
219.556 5.576T 0.025331 174.651 118.60 52.756
221,716 5.6333 0.025331 17h.651 118.60 52.756
221.716 5.6333 0.025331 17h.651 169.80 75.17h
223,200 5.6692 0.025331 | 1Th.651 169.80 75.17h
223,200 5.6692 0.023840 164,330 169.80 75.17L
224,500 5.7022 0.0238L0 16k4,330 169.80 75.1Th
224,500 5.7022 0.023840 164,330 442,00 196,610
225,356 5, 7230 0.0238L0 164. 330 Li2.00 196,610
225,356 5.7230 0.0238k40 164,330 280.00 124,905
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TABLE I (Continued)

PHYSICAL CHARACTERISTICS OF LAUNCH VEHICLE

X, x, m, , m, 2 AE AE
in. meter Ibesec / E‘?_‘*_":_Dn_‘gic_ 1b Newton
in® meter x10'6 x107t
228. 056 5.7926 0.023840 164.330 280.00 124.905
228.056 5.7926 0.023840 164,330 730.10 325,763
229.456 5.8281 0.023840 164,330 730.10 324,763
229,456 5.8281 0.0238L0 164,330 137.80 61.296
230,700 5.8597 0.023840 164,330 137.80 61.296
230,700 5.8597 0.024559 169,328 137.80 61.296
231.356 5.8764 0.024559 169, 328 137.80 61.296
231.356 5.8764 0.024559 169.328 T70.50 31. 360
331.356 8.4164 0.024559 169.328 70.50 31.360
331.356 8.416L C.024559 169,328 130.00 5T7.827
332,900 8.4556 0.024559 169.328 130.00 57.827
332.900 8.4556 0.0LLEBY 308.120 431.00 191.984
335.956 8.5332 0.0LL68Y 308,120 431,60 191.984
335.956 8.5332 0.0L4L4689 308.120 213.20 94,836
337.900 8.58L0 0.0LL4689 308.120 213.20 9k .836
337.900 8.5840 0.013808 95,203 T1.42 31.769
3%0.500 8.6u486 0.013808 95,203 98.60 43.877
340.500 8.6L86 0.013808 95.203 98.60 43,877
347.200 8.8188 0.013808 95,203 132,64 58.998
347.200 8.8188 0.025466 175.528 132.64 58.998
348.000 8.8391 0.025L66 175.528 136.83 60.865
348,000 8.8301 0.025466 175.528 136.83 £0.865
351.000 8.9153 0.025466 175.582 L25.60 189. 315
351.000 8.9153 0.025466 175.582 Lo5.60 189.315
351.800 8.9357 0.025k466 175.582 136,83 60,865
351.800 8.9357 0. 025466 175.582 136.83 60.865
357.800 9.0881 0.025466 | 175.582 112.60 50.087
357. 800 9.0881 0.025466 175.582 112.60 50.087
361.200 9.17hk 0.025466 175.582 199.10 88.564
361.200 9.17LL 0.022530 155.339 €12.00 272,230
362, 300 9.202h 0.022530 155.339 199.10 88.564
362.300 9,202k 0.022530 155.339 199.10 88.56k4
364.800 9.2659 0.022530 155.339 336.70 149.771
364, 800 9.2659 0.022530 155.339 T30.10 324,763
366.200 9.3014 0.022530 155.339 730.10 324,763
366.200 9.3014 0.024559 | 169.328 195.00 86.7k0
368.100 9.3497 | 0.024559 | 169,328 70.50 31..360
368.100 9.3497 | 0.024559 ! 169.328 70.50 31.360
467,700 11.8795 0.024559 169.328 T70.50 31.360 |
LET. 700 11.8795 0.0Lké8Y 308.120 70.50 31.360 |
L68.100 11.8897 0.044689 ! 308.120 70.50 31.360
468.100 11.8897 0.044689 308.120 70.50 31.360
469,700 11.9303 0.04L4689 308.120 184.50 82.069
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TABLE I (Continued)
PRYSICAL CHARACTERISTICS OF LAUNCH VEHICLE

X, X, m, o, m, AE AR
in. - meter lb-sec / Newton—sec2 1b Newton
:i.n2 meter2 x10 6 x¥10 1
469.700 11.9303 0.04k4689 308.120 184,50 82.069
471.800 11.9837 0.0L4L689 308.120 529.10 235.354
471,800 11.9837 | 0.00L788 308.120 529.10 235.354
L72.700 12,0065 0.004788 308.120 529.10 235.354
Lr2.700 12.0065 0.004788 308.120 187.80 83.537
474,600 12.0548 0.004788 308.120 187.80 83.537
LTL, 600 12,0548 0.004788 308.120 75.40 33.539
L77.200 12.1208 0.004788 308.120 75.L0 33.539
L77.200 12.1208 0.004788 308,120 707.20 314,577
477.500 12,1285 0.00L788 308.120 707.20 314,577
477.500 12,1285 - 0.004788 308.120 75.40 33.539
481,400 12.2275 0.004788 308.120 75,40 33.539
481,400 12.2275 0.004788 308.120 75.L0 33.539
483,400 12.2783 0.00LT788 308.120 216.60 93.679
483,400 12.2783 0.00L788 308.120 190.90 84.916
L8L, 760 12,3113 0.004788 33.012 k52, k4o 201.236
L48L, 700 12,3113 0.023784 163.378 452, Lo 201.236
L84, Tho 12.3380 0.023784 163.378 870.70 387.305
L8k, Tho 12.3380 0.02378L 163.378 870.70 387.305
485,811 12.3396 0.023784 163,378 - 870.70 387.305
L85.811 12.3396 0.028338 163.605 162.80 72.417
486.Th9 12,3634 0.028338 193.605 130.00 57.829
LB6.TU9 12,3634 0.03L161 235.532 130.00 57.829
487.624 12.3856 0.034161 234,642 98.50 L3.815
L87.624 12,3856 0.017728 122.230 33. 46 14,884
488,120 12.3082 0.017728 122.230 33.46 1L4.884
488.120 12,3982 0.017728 122,230 33.L46 1L4.884
490.Th9 12,4650 0.017728 | 122.230 ©33.46 14,884
490. Tk 12,4650 0.012320 TT7. bh2 33.46 1k, 884
491.999 12,4967 0.012320 76.376 33.46 14,884
L91.999 12,4967 0.008230 73.540 33.46 14,884
Lgk, 085 12.6513 0.008230 56.TTh 33,46 1L.884
Lok, 085 12.5513 0.014880 102,59k 33.46 14,884
L98. 549 12.6631 0.014880 102.594 33.46 1L.3884
L98.549 12,6631 0.011827 87.432 33.46 14,884
504,085 12,8037 0.011827 81.54L 33.46 14,884
504,085 12.8037 0.005952 43.038 33.46 14.884
50L4.585 12,8164 0.018245 k3,540 33.46 1h.88L
504,585 12.816L 0.0182k5 125.795 33.L46 1k4.88L
505. 499 12,8396 0.018245 125.795 33.46 1h, 884
505. 499 12.8396 0.0182k5 125.795 182.16 81.028
506.599 12.8676 0.018245 125.795 | 182.16 81.028
506.835 12.8736 0.045031 310,478 25.Th 11.450
507.800 12.8981 0.045031 310.478 25.Th 11.450
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TABLE I (Continued)
PHYSICAL CHARACTERISTICS OF LAUNCH VEHICLE

X, X, m, o m, AE AE
in. meter. lb-sec”/ |Newton-sec 1b Newton
in® meter x10"6 x107t
507.800 12.8981 0.045031 310. 478 4. u4s 1.979
511.899 13.0022 0.045031 310.478 4.20 1.29h
511.899 13.0022 0.051756 356. 845 L.20 1.294
513.099 13.0372 0.051756 356.8L5 4,15 1.673
513.099 13.0372 0.0Lk5316 312,443 L.15 1.673
536.589 13.6293 0.0L45316 312.L4k3 3.4%0 1.512
536.589 13.6293 0.0L6558 321.006 3.40 1.512
537.909 13.6651 0.046558 321.006 3.35 1.490
537.909 13.6651 0.004710 32,740 3.35 1.490
542,589 13.7817 0.004T710 32.740 3.20 1.423
542,589 13.7817 0.015931 109.8L46 3.20 1.k23
546, 899 13.8912 0.015931 109. 846 3.15 1.401
546,899 13.8912 0.027685 190,881 3.15 1.401
584,849 13.9407 0.027685 190.991 3.10 1.378
584,849 13.9L407 0.005k435 37.473 3.10 1.378
553.069 14,0479 0.005435 37.473 2.91 1.294
553.069 14,0479 0.005435 40,148 2.91 1.294
554.609 14.0870 0.005435 40,148 2.71 1.205
554,609 14.0870 0.006185 L2644 2.71 1.205
555.999 14,1203 0.005900 46,679 2.4 1.071
555.999 14,1223 0.005900 Lo.679 2.41 1.071
559.068 14.2003 0.005176 35.687 1.91 0.8ko
559.068 14,2003 0.005176 35.687 1.91 0.8L9
560.999 14.2493 0.005176 35.687 1.61 0.716
560.999 1k,.2Lh93 0.005176 35.687 1.61 0.716
56L4.109 1k, 3283 0.004790 33.026 1.42 0.631
564,109 14,3283 0.008851 61.025 1.42 0.631
565.068 14,3527 0.008800 60.67T4 1.37 0.609
565.068 14,3527 0.008800 60.6Tk 1.37 0.609
567.800 14.bo2a 0.008800 60.6T4 1.00 0.4548
567.800 14,4221 0.008800 60.6Tk 1.00 0.4u48
569.k27 14. 4634 0.00864L 59.598 0.782 0.347
569.L27 1k, L4634 0.0086kLL 59.598 0.182 0.347
569.857 14, 47hL 0.001941 13.383 0.60 0.266
569.857 14 47kl 0.0016k41 13.383 0.60 0.266
575.T4S 14,6240 0.001579 10,887 0.398 0.177
575.7ha 14,6240 0.000924 6.371 0.398 0.177
577.800 14,6761 0.000700 4. 826 0.36 0.160
577.800 14,6761 0. 000700 .826 0.26 0.115
580.999 14,7573 0.000655 L.516 0.210 0.093k
580.999 14,7573 0.000655 k,516 0.210 0.093k
581.800 14,7761 0.000500 3447 0.200 0.0098
581.800 14.7781 0.000500 3,447 0.200 0.0088
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TABLE I (Concluded)
PHYSICAL CHARACTERISTICS OF LAUNCH VEHICLE

C X, X, L m, AR AE
in. meter lb-sec J |Newton-sec 1b N
in meter2 x10_6 x.‘l.O”l
587.420 14,920k 0.000466 3. 44T 0.169 0.0751
587.420 1k.920L 0.000k66 3. hhT 0.161 0.0716
589.260 14,9672 0.001633 10.811 2.000 0.8896
589,260 14,9672 0.001633 10,811 2.000 0.8896
5690.127 14.9892 0.001633 10.811 4,620 2.0549
590.127 14,9892 0.001633 10.811 L.620 2.05L49
593. 429 15.0713 0.001633 0.000 0.100 0. 0Ll
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TABLE 1Y
PHYSICAL CHARACTERISTICS OF PAYLOAD

(a) U.S. Customary Units

X, m, AE x10~°
. 2, 2
in 1b-sec /in 1b
L88.320 0.02 2.0000
548,120 0.02 2.0000
(b} SI Units
X m 2| AE xlo'T
’ Newtoh-sec
meter 7 Newton
meter
12.3983 137.8951 0. 8896
13.9223 137.8951 0.8896
TABLE III

A COMPARISON OF THE NATURAL LONGITUDINAL FREQUENCIES CALCULATED BY THE
LUMPED MASS METHOD OF REFERENCE 1 AND THE FINITE DIFFERENCE PROCEDURE
FOR THE ROCKET-VEHICLE CONFIGURATION

Mode Lumped Mass (Hez) Finite Difference (Hz) Percent Increase
1 36.6 38.5 5.2
2 57.7 49.7 b2
3 T2.6 75.0 k.6
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NOGRMALIZED DISPLACEMENT

fl = 309.2 Hz

——
et ——

= 1410.7 Hz

f3

o

/

fh = 1688.9 Hz.

Cylinder-shaft

— ‘ 120"

4

Figure 1.- Numerical exsmple natural longitudinal mode shapes.
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NORMALIZED DISPLACEMENT
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Figure 2 .- Numericasl example natural torsional mode shapes.
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CALCOMP PLOTTING INSTRUCTION CARD

Fietce STt diaee.  DN. SEA ___ BIDG. NO. s{¢ PHONE 7¢/2
MAIL STOP 3,7 Y BIN NO. 3.0, O. 02957 DATE__ §_ 37 - 73
TLOT ST0P
NO. OF PLOTS - = ‘7 PLOT {3 single PEN [] Ballpoint
F; ADDRESS 7 MODE [1 Multiple TYPE [] Leroy, Size
INK E{ O O [  earer TYPE
COLOR Black Blue Red Green NO. 4o PAPER /)ﬂﬁ/""?"f(/

STARTING X Inches __L__. SPECIAL INSTRUCTIONS
LOCATION Y Inches L0

dl o fitarn fo B’f‘“;p' Jof TV

2 S5l

2 S Bele

8 <3ele | . '
Bl Sl VS8 | vasa Langley (Feb. 1970) a0

Figure 3.- Calcomp plotting instruction card.
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Figure 4 .~ Numerical example plot of torsional mode shapes.
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v
Mode slopes of normalized displacements
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Figure 5.- Numericel example plot of torsional mode slopes.
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Figure .- Numerical example plot of torgue distribution for first mode.
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Fiéure 8 .~ Numerical example plot of torgque distribution for third mode.
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NORMALIZED DISFLACEMENT

1.0 £, = 36.6 Hz
C'l 0 — _=—‘_"-d-—_-
=1.0
;.0 L
f2 = 4T.T Hz /
§2 VI — ——ie
-1.0
1.0 '
f_ = 72.6 Hz
3
§3 0 e —E:“———._
=1.0

N7

Figure 11.~ Rocket-vehicle longitudinal natural mode shapes.
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APPENDIX A

DESCRIPTION OF COMPUTER PROGRAM
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METHOD OF INPUT

One or two title cards are allowed., Columns 1 to 80 may be used on each
card. Both title cards will be printed at the beginning of output.
Thereafter only the first title card will be used as a header.

The following namelists may be read in any order.
8. Nemelist neme: $LONVIB
Variable list: X, MASS, AE, NON, TIME, BEAM
Remarks: Each besm member is assigned a number (by the program) which
depends upon the order in which the $LONVIB namelist groups
are input. $LONVIE for beam member #3 must follow $LONVIB
for peam member #2, for instance.

Note: Beam is never used in the program, so need not be input. The
last value read in for TIME will be printed in the omtput for
each mode. This name list is applicable when longitudinal
vibration enalysis is desired.

b. Namelist name: $TORVIB
Variable list: X, ZR, JG, NON, TIME, BEAM
Remarks: FEach beam member is assigned a number (by the program) in
the same menner as described for $LONVIB. This namelist is
applicable when torsional vibration enalysis is desired.
¢. Nemelist name: $INPFRQ
Variable 1list: OMEG
Remarks: This namelist group is input only if the natural frequencies
are known. No frequency search will be conducted when this
group is input.

d. Namelist name: $MODES

Variable list: OMEGA, DELOMG, OMGTCL, NOMODE, FRSTMD, NORM, NORMER,
NORDIS, NOREQM

Remarks: In every run, this group must be entered once. If entered
when $INPFRQ is entered, the first four variables in this
nemelist group will be ignored.

Note that OMCTOL is a relative difference in frequencies
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0

computed by this formula, OMGTOL = ]a;-- l|.
2

Note that NOMODE is not affected by the value of FRSTMD.
FRSTMD is set to one (1) internally, so need be entered
only when the set of numbers assigned to the modes should not
begin with unity; for example when a run is to start with
other than the first mode.

To normalize to a particular station on one beam member, set
NORM equal to that station number and set NORMER equal to
that beam member number. To normglize to the station of
maximum modal displacement, cmit NORM and NORMBR and set
NORDIS equal to "T". To normelize to the generalized mass,
omit NORM, NORMBR and NORDIS and set NOREGQM equal to "T",

To obtain non-normalized data, omit NORM , NORMER, NORDIS,
and NOREGM.

To obtain a printed list of the nondimensionalized frequency
snd |U| velues calculated during the frequency search,
insert a minus sign in front of the wvalue for NOMODE.

e. Namelist name: $JOINT

Variable 1ist: MBRI(J), MBRJ(J), MBRK(J), MBRL(J), IOJTRN(J), TRNS(J),

Remarks:

IJTRN{J), IKTRN(J), ILTRN(J), TRNFIJ(J), TRNFIK(J),

TRNFIL(J).
This group must be input once for each run. It describes
vwhich members are constrained at each Joint. If the
constraint is partial, the flexibility of the partial
constraint must be entered. MBRI(J), MBRJ(J), MBRK(J),
MBRL(J), and IOJTRN(J) must always be entered.

The constraint codes are:

]

Full constraint
Partial constraint

1l
2
3 = No constraint

f. Namelist name: $CONTRL

Variable list: RFX, RFMASS, RFAE, XMOD, MASMOD, AEMOD, DELX, JGMOD,

Remarks:

ZRMOD, RFJG, RFZR.

This namelist group controls the accuracy of the solution.
Only those variables not equal to one must be entered, since
these variables are initially set equael to one by the
program.
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g. Namelist name: $OUTPUT

Variable list: ZTAC, DZTAC, TENS, DTENS, TORQ, DTORQ, ISID, ISOD,
PLOT.~

Remarks: This group must be input once in each run. Four of the first
six varisbles listed sbove must be input. ISID, ISOD, and
PIOT are set to F internslly so need be entered only if T.
If a Calcomp plot is desired, PLOT = T, and items 3 and 4 of
INFUT must follow the $END card.

h. Nemelist name: $END

Variable list: None.

Remarks: Last card input of section 2 of INPUT must contain $END. If
PIOT = T, in input namelist g of INPUT, then items 3 and &4
must follow.

Header card for Calcomp plot identification. Use columns 1 to 80 on card.

Namelist name: $NAML

Variable list: INCHX, DX, XMIN, PLTZ, PLTZPR, NZAPR, MPLT, PLTT, NPLTT,
TMIN, ZPMIN1, DZPY, ZPMIN2, DZP2, ZPMIN3, DZP3, DTT, PLTM,
NMZR, MZRMIN, MZRMIN, DMZR, PLTZR, FLTAE, PLTGJ, NMAEJG,
AJMIN, DAEJIG.

Remarks: The header card and $NAM1 namelist must be read for every case
separately if plots ere desired.
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Input Namelist Names

$CONTRL
$END
$INPFRQ
$J0INT

$LONVIB

$MODES

$AM1

$0UTPUT

$TORVIB

SYMBOLS

control. Input of numerical control data.

end. Reguired last item of input.

input freguency. Input of known modal frequencies.
Joint. Input of Joint description data.

longitudinal vibration. Input data characteristics of
mass and axial stiffness.

modes. Input of data affecting selection of modes
and normalization.

plot information, if plots are desired.

output. Input of data controlling the output of
program results.

torsional vibration. Input data characteristics of
torsional stiffness and polar mass moment of inertia.
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ROMENCLATURE

A. Input-Output Varisble Names of Main Program

In the following list, fixed point variables (no decimal point allowed)
are designated by "Integer". Floating point variables (decimal point required)
are designated by "Decimal". The use of letters rather than numbers is
designated by "Logical".

Name Type Description

AE(N) Decimal AE. Axial stiffness at the Nth station,
1b/in°.

AFEMOD Decimal AE modification. Constant by which each value

of AR(N) will be multiplied, unitless.

BEAM Integer beam. In input, identification nmumber of beam
assigned by Physicel Characteristics Program,
unitless. It indicates the order in which
the beams were input to (and output from)
this program.

DELOMG Decimal delta omega. Frequency interval used in the
search for modal frequencies, rad./sec.

DELX Decimal delta X. Maximum length of integration
intervel alcong vehlicle center line, in.

DTENRS Integer derivative of tension column number. Identi-
fication number for the column in the ocutput
in which DTEN(N) will be printed, unitless.

DTORQ - Integer derivative of torgue column mumber. Identi-
fication number for the column in the output
in which torque-prime will be printed,
unitless.

DZETA(N) Decimal derivative of zeta. Lengthwise derivative of
modal deflection at the Nth station, in./in.
(before normalization).

DZTAC Integer derivative of zeta column, TIdentification
number for the column in the output in which
DZETA{N) will be printed, unitless,

FRSTMD Integef ~ first mode. Number to be ‘assigned to the
first mode calculated, unitless.
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Name

IJTRN(J)

IXTRN(J)

ILTRN(J)

IOJTRN(J)

ISID

180D

JG

JGMOD

MASMOD

Type

Integer

Integer

Integer

Integer

Logical

Logicel

Decimgl

Decimal

Decimal

Deseription

i - J translation. Code number for the
translationel constraint between besm
members in the "i" and "J" positions at the
Jth joint, unitless. The code is identical
to that shown in the deseription of IJROT(J).

i1 - k translation. Code number for the
translational constraint between beam members
in the "i" and "k" positions at the JtM 30int,
unitliess, The code is identical to that shown
in the Qdescription of IJROT(J).

1~ 1 trenslation. Code number for the
translstionel constraint between beam members
in the "i" and "1" positions at the Jth joint,
unitless. The code is identical to that shown
in the description of IJROT(J).

i or J translation. Code number for the
translational constraint between the ground
and beam member in either the "i" or "3"
position at the Jth Joint, unitless. The
code is identicel to that shown in the
deseription IJROT(J).

input gtations for input data? True-false
indicator to call for printing the physical
characteristics at the stations which were

input.
T = Print only at input stations.
F = Print at all stations.

input stations for cutput dats? True-false
indicator to call for cutput of the results
of the program.
T = Output and plots results at input
stations.
F = Qutput and plots results at all
stations,
Torsional stiffness at the Nth station,
1b/in?,

JG modification. Constant by which each
value of JG(N) will be multiplied, unitless.

mass modification. Constant by which each
value of MASS(N) will be multiplied,
unitless.
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Neme

MASS(N)

MBRI{J)

MBRJ(J)

MBEK (J)

MBRL{.J)

ROMODE

NON

NORDIS

NOREQM

NORMBR

'NORM.

Type

Decimal

Integer

Integer

Integer

Integer

Integer

Integer

Logical

Logical

Integer

Integer

Deseription

mASH. 2Mass per unit length at Nth station,
1b.sec“/in. <,

member i. Tdentification numbeghof the beam
member in position "i" at the J' joint,
unitless.

member j. Identification number of the beam
member in position "3" at the J'B joint,
unitiess.

member k. Identification number of the beam
member in position "k" at the Jth joint,
unitless.

member 1. Identification numbertﬁf the beam
member in position "1" at the J“ Joint,
unitless.

no. of modes. Total number of modes to be
computed, unitless. If negative, the values
of the frequency and U determinant from the
search routine will be printed.

no. of N's. Total number of stations on a
beam member, unitless.

_normalize to displacement? True-false

indicator to c¢all for normalizetion of each
eigenvector to its station of maximum modal
displacement. :
T = Normalize to maximum displacement.
F = Do not normalize to maximum displace-
ment.

normalize to equivalent mass? True-false
indicator to call for normalization or each
eligenvector to its associated generalized
mass.
T
F

Normalize to unit generalized mass.
Do not normmlize to unit generalized
mass.

normalize on member. Identification number of
beam member on which the normalization station
is located, unitless.

normalize on station N. Subseript of input
station on beam member NORMBR at which to
normalize the eigenvectors of every mode,
unitless.

61 -



Name

OMEG(T)

OMEGA

OMEGA SUER

OMGTOL

PLOT

RFAE

RFJG

RPMASS

RPZR

TENS

TENSION

TENSION-PRIM

TENSN(N)

TIME

Type

Decimal

Decimal

Decimal

Decimal

Logical

Decimal

Decimal

Decimal

Decimal

Decimal

Integer

Decimal

Decimal

Decimal

Decimal

Description

omega. Array of frequencies accepted by the
program as known modal frequencies, rad./sec.

cmegs. First trial frequency to be used in the
search for natural frequencies, rad./sec.
OMEGA should be less than the expected first
frequency.

omegar. Reference value of frequency.

rad.?sec.

omega tolerance. Relative accuracy criteria
for the natural frequency convergence,
unitless.

plot. True~false indicator to call for
Calcomp plot. Initimlized as F.

T = Plot.

F = Do not plot.

reference of AE. geference value of axial
stiffness, 1b. in.".

reference of JG, 1b. in.a.

reference of mass. Reference value of mass
per unit length,1b. sec.2/in.

reference of X. ‘Reference value of lengthwise
coordinate, in.

reference of ZR. Reference2value of mass
moment of inertia. lb.sec.

tension column. Identification number for the
column in the output in which the TENSK(N)
will be printed out.

tension. Axial force at a gtation, lbs.
longitudinal strain at & station 1b./in.

tension, axial force at the Nth station, 1b.
(before normalization).

time. Value of time associated with each

group of output data, seconds., {TIME is not
used in the program).
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Naﬁe

TRNFIJ(J)

TRNFIK(J)

TRNFIL(J)

TRNS(J)

x(N)

XMOD
ZETA(N)}
ZETA

ZETA PRIME
ZR

ZTAC

TORG

TORQUE

TORQUE-PRIME

Type

Decimal

Decimal

Decimal .

Decimal

Decimal
Decimal
Decimal
Decimal
Decimal
Decimal
Integer

Integer

Decimal

Decimal

Description

translational flexibility constant between
i and }. Translational flexibility constant
between beam members in positions "i" and "J"

 at the JtP joint, in./1b.

translational flexibility constant between

1 and k. Translational flexibility constant
between beam members in positions "i" and "k"
at the J* joint, in./1b.

translational flexibility constant between

i and J. Trensletional flexibility constant
between beam members in positions "i" and "1"
at the Jth joint, in./lb.

transletional spring constant. Translational
spring constant between the ground and beam
member in either the "i" or "J" position at
the Jth joint, 1b./in.

X. Lengthwise position coordinate of the N

station, in.

X modification, Constant by which each value
of X(N) will be multiplied, unitless.

zeta. Modal displacement at Nth station, in.
(vefore normalization).

longitudinal or torsionel deflection at a
station, unitless.

slope of longitudinel or torsional deflection
at a staticn, unitless,

mass moment of inertia at Nth station, 1lb.sec.
zete column. Identification number for the
column in the output in which ZETA(N) will be
printed, unitless.

torgue column. Identification number for the
column in the output in which the torque will
be printed, unitless.

torque. Torsional force at a station, in. /1D,

torque-prime. Rate of change of torsional
force at a station, 1b.
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B. Input Plot Variable Names

Name
INCHX

XMIN

DX

The following variables are
entered if their value should be

PLTM

PLTZR

PLTAE

PLTJG

PLTZ

PLTZFR

PLTT

MPLT

The following varisbles are
entered if their value should be

NMZR

Iype
Integer

Decimal

Decimal

Integer

Integer

Integer

Integer

Integer

Integer

Integer

Integer

Integer

Description

Number of inches for the horizontal scale {x).

Minimum value of X, to appear at lower left
hand corner of graph.

Ax, per inch of graph.

set to 0 1in the program and need only be
lt

1, plot mass
0, no mass plot

plot roll inertia
0, no roll inertia plot

nn
’_l

1, plot axial stiffness coefficient
no axial stiffness coefficient plot

non
(o]
-

1, plot torsional stiffness coefficient
no torsional stiffness coefficient plot

non
o

plot [
0, no 7 plot

H A
=
-

1, plot
ne ' plot

o
[

1, plot tension or torque curves
0, no tension or torque plots

|
[}
-

torque (tension) plots for each of 3
modes will be drawn on separate grids

= 0, all 3 modes of the torque (tension) plots
will be drawn on the same grid.

set to 1 in the program and need only be
2.

H

1, use ascale subroutine to fingd appropriate
scale values for mass or roll inertia
plot

2, read in mass minimum and Amass or roll
inertia minimum and Aroll inertia
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Neme Lype

NMAEJG Integer
NZAPR - Integer
N%LTT Integer

- Deseription

= 1, use Ascale subroutine.to find appropriate
scale values for axial or torsional
- stiffness coefficient plot '

= 2, read in axisel or torsional stiffness
scele values

= 1, use Ascale subroutine to find appropriate
scale values for ' plots
= 2, read in ' scele values

= 1, use Ascale subroutine to find appropriate
scale values for torque {(or tension}
plots

= 2, read in torque (or tension) scale values

If NMZR = 2, input the following:

MZEMIN Decimal

DMZR Decimal

minimum scale value for mass (or roll inertia)

Amess (or Aroll inertia) value, per inch,
total 4 inch grid

If NMAEJG = 2, input the following:

AJMIN Decimal

DAEJG Decimal

minimum scele value of the axisl (or:torsional)
stiffness coefficient

Aexial {or torsional) stiffness coefficient,
per inch, total 4 inch grid

If NZAPR = 2, input the following:

ZPMIN1 Decimal
DZP1 Decimal
ZPMIN2 Decimal
DZP2 Decimal
ZPMIN3 Decimal
DZP3 Decimal

minimum scele value of gi

Ag!, scale value per 1/2 inch, total 1 inch
gr}d

minimum scale value of cé

AL', scale value per 1/2 inch, total 1 inch
grid

minimum scale value of !

3

Ar', seale value per 1/2 inch, total, 1
indh grid
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If NPLTT = 2, input the following:

Name Type Description
TMIN Decimal minimum scale value of torque (tension)
DTT Decimal Atorque (Atension)} secele value per inch,

total b4 inch grid
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ouUTPuT

Printed

After the title cards are printed, the input controls data is listed. If
ISID = T, the physical characteristic at only the input stations are printed.
If ISID = F, the physical characteristics at all stations are printed. The
total mass, static moment, and center of gravity for the branched beam gre
printed for both the longitudinal and torsional vibration analysis.

An option has been made available to print the non-dimensionalized fre-
quency and the corresponding determinant values for [U] throughout the itera-
tion process. This print is requested by inputting a minus sign in front of
the desired nomode value, i.e., NOMCDE = =3, ’

IF ISOD = T, the medal frequency, generalized mass, and station properties
are printed at each input station only. If ISOD = F, the modal frequency,
generalized mass, and station properties are printed at all stations.

Plotted

If PLOT = F, or is not entered, no plots are made. One or more variables
may be plotted against X on the Calcomp plotter if PLOT = T. A header card
and $NAMl namelist must be read into program if plot = T. See figure T for
a sample of the request card for the plots. Also, if PLOT = T, a statement is
printed as each plot is completed.
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DIMENSIONALTZATION
The following equations are used in the nondimensionalization and modi-
fication of the input velues.

X = (X)(XMOD)/(RFX)
MASS = (MASS){MASMOD)/(RFMASS)

AE = (AE)(AEMOD)/(RFAE)

JG = (JG)(JGMOD)/(RFJIG)

ZR = (ZR){(ZRMOD)/{RFZR) 1/2

OMEGA = (OMEGA)(RFX) RFMASS ) ERFAE)]‘/E
DETOMG = (DELOMG)(RFX)(RFMASS)L/2/ (rrar)1/2

TRNS = (TRNS)(RFX)/(RFAE)

TRNFIJ = (TRNFIJ)(RFAE)/(RFX)
TRNFIK = (TRNFIK)(RFAE)/(RFX)
TRNFIL = (TRNFIL)(RFAE)/(RFX)
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DISCUSSION OF COMPUTER PROGRAM .

As described in the Application of the Method to Torsicnal Vibrations, the
equations for the torsional vibration analysis are analogous to the equations
for longitudinal vibrations.

The namelist method of input is used in this program, see CDC 6600 Computer
Systems Fortran Reference Manual for e description. The namelist $LONVIB is
used to input the modal data for the longitudinal analysis. The namelist
$TORVIB is used to input the modal data for the torsional analysis. Since the
two analyses are analogous, the corresponding inputs of the two namelists are
equivalenced.

The input to this program consists of the necessary physical characteristics
of the structure, definiticn of the boundary constraints, and controls to
define options. In order to assist the user, it is necessary to elaborate on
some of these terms. :

Beam.- The vehicle or structure under analysis is composed of a system
of beams or "members". Because of the program's ability to analyze branched
beam problems, the basic structure characterized by & straight continuous
elastic axis is referred to as a main beam; appendages which are attached to
the main beam having elastic axes parallel to the main beam are then referred
to as branches.

Joint.- The ends of the members are called jJoints. The word "joint"
describes the beginning and the end of a member between which the number of
stations are used to describe the physical characteristics of a member.

A uniform continuous beam may be described by a single member having two ends
and therefore, "two Joints'", or it may be described by any number of members
having the appropriate number of jJoints, with the relationship between joints
described by translaeticnal constraints. For example, two identical beams are
represented in sketch 14(a) and {b).

(v)

Sketch 14.- Beam-joint arrangement.
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Beam (a) consists of a single member with joints (1) and {2), the boun-
dary conditions &t the end are considered to be free-free. Joint 1 then has
only a ")" member referring to sketch 1k. Joint 2 has only an "i" member. In
sketch 14(b) the same beam may be represented by four members with the extremes
of the beam having the same boundary conditions. Joint 1 again has only a
"3" member. Joint 2 has two members, 1 and 2, with member 1 the "i" member and
member 2 the "j" member. Because (a) and (b) are idemtical uniform beams,
members "i" and "J" at joint 2 are fully constrained as well as joints 3 and
with Joint 5 identical to Joint 2 of (a). It can be seen that the characteris—
tics of both beams are identical. There are many uses for dividing beams into
several members. For example if & change in the physical characteristics were
required in the second quarter of the beam in figure 14 it could only be
necessary to describe member 2 in sketch 14(b). If, however, the beam as
deseribed in sketch 14(a) were utilized then the entire besm input would have
to be reentered,

Physical charascteristics.-The physical characteristics neceesary to compute
the natural longitudinal modal data are entered as a continuous system and
include mass and axial stiffness. The physical characteristics necessary to
compute the natural torsionsal modal data include the torsional stiffness and
the polar mass moment of inertia.

Qutput.- First the input data is printed, then the total mass, center of
gravity, and the rigid body static moment of the beam being analyzed are
printed. Also the generalized mass for each mode is printed for the longitu-
dinal case. Next, the modal frequencies, both in cycles per second and radians
per second are printed. Finally, at each station, four of the modal
characteristics are printed.

Test problem.- An idealized beam, as shown in sketches 11 and 12 will be
used to exercize the subject program. The necessary physical charscteristics
are provided. Two separate cases will be run. First the longitudinal modal
datea will be computed. The data regquired will be the first five longitudinal
natural frequencies, mode shapes, axial forces, and the first derivatives of
the axial forces, and mode shapes. Also, the static moment, center of gravity
and total mass of the beam are required. 1In addition, the generalized mass
is required for each mode.

In the second case, the torsional modal date will be calculated, The data
required will be the first five torsional modes, torques, and their derivatives.
The static moment, center of gravity, and total mass of the beam are also
required. The generalized mass is not output for the torsionsl modes.

Identification.~ Any number of cards may be used to identify or describe
the problem with a minimum of one. However, the first card will be used as a
title on each page of the printout. The contents of all of the title cards
will be printed at the beginning of the printout.
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Data.- Immediately following the identification cards are cards containing
the physical charecteristics of the problem. For the longitudinal case each
set of data for each beam member begins and ends with $LONVIB and conteins;
first, TIME, which is an identifying time; second, NON, the number of stations
of input for the member; third, BEAM, a number identifying the member; and
fourth, the characteristics of the member X{N), MASS(N)}, AE(N). The data for
each member is entered in the order established in sketech 12. _Although the
beam is numbered in the data, the program numbers the members in the order in
which they are entered.

The input for the torsional vibration datas is identical to the longitudinal
VYibration case with the exception that $TORVIB is substituted for $LONVIB,
ZR(N) for MASS(N), and JG(N) for AE(N).

Examples: or
$LONVIB $TORVIB
BEAM = 1, TIME = 0.0, NON = 2, BEAM = 1, TIME = 0.0, NON = 2,
X(1) = 0.0, ko., X(1) = 0.0, 40.
MASS(1) = 0.0009, 0.0009, ZR{1) = 0.00220106, 0.00220106
AE(1) = 36815625., 36815625, ,% JG(1) = 6200000., 6200000., $
$LONVIB - $TORVIB
BEAM = 2, TIME = 0.0, NON = 2, BEAM = 2, TIME = 0.0, NON = 2
X(1) = 40., 1z20., X(1) = 40., 120.,
MASS(1) = 0.000144, 000144 ZR(1) = 0.0000045, 0.0000045
AE(1) = 5890500., 5890500., $ JG(1) = 76699., 76699., $
SLONVIB STORVIB
BEAM = 3, TIME = 0.0, NON = 2, BEAM = 3, TIME = 0.0, NON = 3,
-X(1) = 40., 120., X(1) = 40., 120.,
‘MASS(1) = 0,0009, 0.0009 ZR{1) = 0.00022, 0.00022,
AE(1) = 36815625., 36815625., $ JG(1) = 6200000., 6200000.,%

Joint description.- The next group of date informs the program of the
proper assembly of members that have been input, describes the constraint
units at each Joint, and essentially builds the mathematical model of the
beamlike structure. For the test problem, the relation holds as shown in
sketeh 12. The test problem member and the Joint relationship is shown with
Joints listed in the first column and the associsted members tabulated as
illustrated in Table IV.

4
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JOINT MBRI MBRJ MERK MERL
1 0 1 0 0
2 1 3 0 2
3 2 0 0 0
4 3 0 0 0
TABLE IV

Joint Arrangement

The next relationship to be shown is the listing of the constraints
between members at thelr joints. The constraints for the test problem are
illustrated in Table V.

JOINT | IOJTRN | IJPRN | IKTRN | ILTRN
1 3 0 0 0
2 3 1 0 2
3 3 0 0 0
4 3 0 0 0
TABLE V

Joint Constraints

The codes for constraints are; 1 = fully constrained or fixed, 2 = partislly
constrained, 3 = no constraint or free. If no relstionship exists a zero is
entered. The second column describes the constraint between either the i or ]
member and the ground. The test beam has no constraint to ground at any Joint,
and therefore code 3 is entered. Column 3 describes the transletional con-
straint between members 1 and J at each Joint; similarly the fourth column
describes the constraint between i and k and the fifth column describes the
constraint between i and £. If no relationship exists, then zero is entered.

The remeining data necessary to complete the joint description are the
values for the partial constraints to indicate the degree of the constraint.
The tabulation is shown in Table VI for the test beam.
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JOINT TRNS TRNFIJ TRNFIK TRNFIL
1 0 0 0 0
2 0 0 0 1x107°
3 0 0 0 0
L 0 0 0 0
TABLE VI

Joint Partiel Constreint Coefficients

This Date group is entered as $JOINT and is input once for each problem.
All data shown in Table I must be entered. All data shown in Tables'IV and
V must also be entered except where the data is zero.

Example:
$JOINT
MBRI{1) = 0, 1, 2, 3,
MBRJ{1} = 1, 3, 0, O,
MBRK{1) = L*0,
MBRL(1} = L*0,
IOTRN(1) = L#3,
IBRTRN(1) = 0, 1, O, O,
IKTRN(1) = L*0,
ILTRN{(1) = 0, 2, O, O,
TRNS(1) = L*Q,
TRNFIJ(1) = L%*0,
TRNFIK(1) = bL¥0,
TRFFIL(1) = 0, 1.x10°°,0, O,

Controls.~ Further input is necessary to control the computer in its
solution of the modal data. The first part of the control input is called
$CONTRL., It modifies the input parameters. The input $LONVIB or $TORVIE
which is originally dimensional becomes non-dimensional through controls in
the program.

The reference mass, RFMASS, the reference length, RFX, and the reference
axial stiffness coefficient, RFAE should be set = to 1.0. Non-dimensionaliza~
tion of the physical characteristics was necessary in the lateral vibration
program because of the combination of very large and very small terms in the
frequency determinant. However, this situation does not exist for the
longitudinal and torsional vibration program.
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The second function of the $CONTRL group is to provide parameter modi-—
fiers. This group conteins a group of variable multipliers that operate on the
input physical characteristics before they are used in the program. These
modifiers may be used to convert the units of input to the desired units.

Also, since tables of stiffness coefficients sre occasionally premultiplied
by a constant to simplify the tabulations, these may also be entered and
the proper modifier entered to correct the tabulated characteristics. These
modifiers are entered only when not egual to one.

The final item of input in this group is DELX. This varisble introduces
additional stations in areas where the distance between stations of input is
greater than desired for accuracy. The equations in the program are based on
linear change of modal characteristics between stations along the length of
the beam. Also the lengthwise integrations require sufficient stations in
order to be able to assume linearity between steps. A value for DELY equal
to 1/100 of the total length of the beam is usually adequate, and stationg will
be &added only when the wvalue of Xn+l - Xn > DELX, with linear interpolation

of physical characteristics for the added station values. This completes the
$CONTRL group, and an example follows:

Example:

$CONTRI,
-RFX = 1.0, RFMASS = 1.0, MASMOD = .0Q)
" RFAE = 1.0, AEMOD = 1.E8, DELX = 2,9,r$
The next group of input is called $MODES and provides the information

necessary tc calculate the natural frequencieg., The frequency at which the
search routine will start is OMEGA; the increment of ® in the routine,
DELOMG; the tolerance at which the routine is considered to have solved for
a natural frequency, OMGTOL; the number of modes to be solved, NOMODE; the
mode number to be assigned to the first mode of input, FRSTMD; and finally
the normalizing criteria, NORN, NORMBR, NOREQM.

The use of OMEGA to start the frequency search routine serves two
purposes. First, the routine should be started somewhat lower than an
estimated fundsmental fregquency to make optimum use of the computer time,
especially in very stiff beams where the fundamental frequency might be high.
Second, it allows the frequency search routine to start at a higher mode than
the fundamentel without calculating lower modes. OMGTOL is the relative
difference in trial frequencies, used in the frequency search routine. OMGTOL
is normalliy set &t 1.x10~ » Giving excellent results with optimum use of
computer time. FRSTMD is used only when the frequency search routine is asked
to start at cther than the fundamentel mode. Normally, FRSTMD is set
internally equal to 1 and titles the first mode of output as "Mode 1" with
arithmetic progression of succegsive modes of cutput.
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The program has the capability of normalizing to unity at either the
station of maximum deflection or at any particular station on the beam. Also
it cen normalize the mode shape so that the generalized mass is equal to
unity. To normelize at maximum displacement equal to unity set NORDIS = T; at
:generalizedmass equal to unity, NOREQM = T; at a particular station equal to
unity, NORMBER = member containing the station, and NORN = number of the station
in the member. The data for the test case is shown in the following example.

Example:

$MODES
OMEGA = 25., DELOMG = 200., OMGTOL = 1.E-T,
NOMODE = 5, NORDIS = T, $

The final group of input describes the output desired. The cutput will
contain a complete listing of input, complete in such deteil that the program
mey be reconstructed from this data mlone. The physical characteristics are
arranged in the proper size with headings for direct integration into reports.
The stations are listed in a double set of integers with the first integer
identifying the member and the second the station of the member. Immediately
following the physical characteristies, the center of gravity, the total mass,
and the rigid body static moment of the problem are printed.

The last item of output conteins the modal characteristics as computed in
the subject program. Each page of this modal data contains the contents of the
first identification card, and also the number of the mode. The output, on
the first page for each mode, alsc lists the natural longitudinal or torsicnal
frequencies of the mode in both cycles per second and radians per second. In
addition, the generalized mass for the normalized mode shape is printed for
the longitudinal case.

Following this information are six columns of modal data. The first two
are always the station number and its lengthwise location with respect to the
established origin, respectively. The next four columns are the modal
characteristics. This type of output 1s repested for the required mumber of
modes. All output mey be printed at only the points of input or may include
the additional stations provided by DELX. Additional outputs are a plot
option which gives Calcomp plots.

This final group of data is called $OUTPUT. Four of the modal
characteristics will be ocutput. ISID calls for printing the input
characteristics at either the original stations or including the stations
added by DELX, and similarly, ISOD controls the output print. Both are set
to F internally and need to be entered if only the input stations are to be
printed. If only stations of input are desired set ISID = T, and if all the
stations are desired for output set IS0D = F. In the same manner, if plots are
desired, set PIOT = T, The identification for the column of outiput assigned to
the modal characteristics does not include the first two columns which are
always 'station" and "X". The following example applies to the test problem.
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Example:

$OUTPUT
ZTAC = 1, DZTAC = 2, TENS = 3, DTENS = L,
ISID = T, ISOD = F, $

This data states that after each station and its appropriete "X" location
the first column will be deflection, zeta (ZTAC = 1); the second column will be
the first derivative of the deflection, (DZTAC = 2); the third column will be
the axial force, (TENS = 3) or for torsional vibration the torque, (TORQ = 3);
and the fourth column will be the first derivative of the axial force (DTENS =

L) or the first derivative of the torgue, (DTORQ = 4). The input is terminated
with $END.

This concludes the formal presentation of input required for this portion -
of the program. The second part of the program is designed to plot upon
request any or all of the following depending upon the analyses: mass or roll
inertia; stiffness coefficient, deflection or rotation; axial force or torque;
and the corresponding first derivatives. The plots will be drawn for the
first modes of the analysis. If plot = T in the $OUTPUT group then $NAM1 must
be read. This group includes all of the plot options and the appropriste
scales to be used in the plots.

Concluding remarks on computer program.-It should be emphasized that due to
the assumption of linearity of the system variables over the length X_ to
X +1° this increment must be small. Though studies conducted of comparing the
fgequency accuracy as & function of station separation, it has been found
that 1/100 of the length of the beam gives very good results for the first
five modes. Another benefit derived from the additional stations inserted in
spans of constant parameters is in the quality of the plots of output
characteristics with the additional points. The totel number of added stations

due to DELX cannot exceed 600. The total number of branches snd beams cannot
exceed 20.

A misleading situation may occur when values of AR or JG are near zero.
This situstion may occur at the free end of beams. The problem manifests itself
in a radical variation of the mode shapes in the area approaching the upper
boundary of the span. This variation is & combined result of near zero stiffness
of AE and/or JG and the failure to achieve nutericelly the absolute zero. This
condition is reedily corrected by avoiding nesr the free ends, AE and JG values
of less than 0.0001 of their respective average over the total span.

The output will be only as good as the math model representing the problem.
With a proper input, the user can expect frequencies of the lower modes of
vibration to be accurate within less than 1/2 of one percent. Some feeling
for the accuracy may be gained by investigating the modal charecteristics at the
boundaries. The absclute value of zero for some boundary conditions of free-
free beams cannot be achieved by digital computers, therefore the analyst
should accept finite boundary values thet are & fraction of 1 percent of the pesk
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sbsolute value of their respective functions over the length of the beam.
Another suggestion for gaining confidence in the modal data is to observe the
continuity of the displacements and the axial forces or torques in areas where

branches are attached to main beams.
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APPENDIX B

COMPUTER PROGRAM LISTING
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6L

Q00003 .

000092
000002
000n04s
00000%
000NOS
000010
000011
000012
000015
000021
000020
NoN033
000038
000M40
000042

N00042
000042

OVERLAY{LINK,O,0}

PROGRAM TORLONG( INPUT=201,0UTPUT=201,TAPESS INPUT TAPEE=OUTPUT,TAPE

12=2N), TAPE3, TAPEA=201)
COMMON NPLOTENDFILS
IMTEGER ENDFILS
NSUM=D

ENDFTLE=]

NPLOT=O

"LTNE=4TLTINK -

CALL CALCOMP

CALL LEROY

CALL OVERLAY (LINKy1,0,0)

TF {ENDFILS,EQ.0) 2,2

IF {NSUMJ.GT.0) WRITE (&,4) NSUM
CALL CALPLT (049049999}

sTep

CALL OVERLAY (LINKy20040}
NSUM=NSUM+NPLDY

GO 70 Y

FORMAT (726H TOTAL NUMBER GF PLOTS =,15%)
END

- ‘
DO D PN P
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o8

ao0no03

nnonng
aconnd
anooo
0090073
oo0ne3
0000072
000002
ooneon3
600003
o0nooe?
oonn03
000003

oonNnn3

000003
000002
00no03
000n03

000003

c

OVERLAYILINK,1:0)

PROGRAM YTRRAT
- FITLE BRANCH AEAM TORSIONAL AND LONGITUDINAL VIBRATIONS ANALYS

DIMENSTON TITLE(28), HEADNG{248), TITLES(2,6})s EALSD0), STNL&0OT,
1S5AMI800Y, HI{A00), DY{2,60C0, Y{(2,800), TITL{12}, FORM{B)},y VARNO{
243, MASS{AONY, NUM(20), MBRKL3D), TOJTRNI3O), MBRI(30), LVIS)s MBR
JL(30)y TJTENCID), MBRJTION, MVIE], SAM{10}, ILTRNE20) s IKTRPN(30),
&MMEG{12)y FORMB{2F), QMFORM(T) ,

DTMENSTION AE{&ND), ZR(600), JG{800], ARRY(2), LARRY{(3)y TARRY{(3}

COMMON HPLOT¢ENDFILS '

INTEGERP ENDFILS )

COMMON /BLK1/ JCIBD.B),TﬂNSlBO).YPNF!JIBO!.TRNF!K!BO).TRNF!LISOI'J
1NT : .

COMMDN FBLK2/ X{600) HH{60N) 4MAS{£00] NSTALID) . .

COMMON FBLK3/ U(lOO,ﬁD)1E(2'2.30?|DMEGA.ND"BF'TEHP(2'30"GNASS.

COMMON /BLKAS UUET'?UI'NU'DELUMG|UMGTUL'!T'ITER.NUﬂ?

COMMON /BLKS/ NFRQyNTROLLY3),FRSTMD

INTEGER ZTAC,0ZTAC,TENS,DTENS,FRSTMD,TORQ,DTORQ

REAL MASS,MCMR ,MAS MASMODe JGy JGMOD, LARRY

LOGITAL ISTOD,1SOD NOADTS NOREQHM, FLLT, TORVE

EQUIVALENCE (EAJHHyAE,JGYs (RFAE,PFEALRFIG), { EAMDD, AEMCD, JGMOB)
1(RFMASS,RFIR}, [MASMOD,ZIRMOD), (TENS,TORO}, {DTENSsOTORQ}y (MASS4M
248, IR)

EQUIVALENCE {MBRRI(L)4IC(Le1))y (MBRJILLDJICIL,2D), IMBRK{1),4C(1,3)
11e (HMRPLAIL}4JCIL241 ), (CIGJTRNILY o JCE1,5))y ETJTRN(LIJCE1,6) ), (IK
2TRN(11,3C (1, TID, {ILTRN(1)4JCI1,8})

FQUIVALENCE (Ue¥)y (UL4130,0V)y (UL1,425),5TN), (U11431),55AM), (U
10133 TYeHIY

DATA OOLLAR/ZH $/4F/3H F/ T/3H T/

DATA (TITL{IDsT=1,8)/6HLONVIA,6HTORYIA (SHIOINT 4 6HCONTRL y6HINPERQ,y
1£HMODES EHOUTPUT y 6HEND / .

OBTA FORM/IOH{SX, 13, H-, 13, OPF10.73,0P FoFORMUSH/EHE14.5) /4 (VA
1RNO{ T}y Tm1440/2H 192H 242H 3,2H &/4BLANK/SH FARFIFEHRFIG =/4R
JFE2/78H OFIR =/,PFA/G6HRFAE =/,PFM/BHRFMASS =/, PNORE/GHNOREQM = /4 IR
AMFEH IRMOD =/, ASM/BHMASMOD =/, AEM/THAEMOD =/, GIM/THIGMOD u/yLARRY/
430H FOR LONGITUDINAL VIBRAYIONS /,TARRY/30M FOR TORSIONAL VIBRATY
5ONS FoZRINZ&H IR/ 4G IIN/2HIG/ yRMINP/AHMASS/ s RAE/ZHAE/

OATA TITLES({1,1)/6MH TENI.T!TLES(i;Z)Ibﬂ T/ TYTLES(1,43)/6HTEN
1570/ TITLESIY 8} /6H ZETA=/TITLESI29 13 /4HSTUN/ o T.TLES(24 2) 73HETAZ
2TITLES(293)/6HN-PRIM/ s TITLES (204 )/SHPRIME/ o TITLES{148)/6H  TOR/,Y

owaamwmommwmmwmmmmmamwmwmawawmmwnmwmaaawm
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3

000003

onQon3

000003

a00nNn3
000003
000003

000003
000003
000003
000008
000007

QONo0T

000011

000012

200013

S ponn1 s

. 000015

oooo0t7
nonnz2o
000021
000023
a0ne24
000025
000026
000037

oneesod

000061
000042
000043
000044
000045

3]TLES|2.51f3HQUEI,TITLESI1|61I&HTDROUE!,T!TLES(Z:&)I&H-PRIHEI

DATA FORMA/260H{IH S&4X,8HTABLE 11

1 ' F7H0XA241BAES/R0XNIHT =FB.294H
2 5EC - FIS6% 4HMODET 3/ /5%, 28HFREQUENCY CYC
3LES PER SECOND F12.3//5X92B8HFREQUENCY RADIANS PER SECOND F12.5,
4 7 / .

DATA OMFORM/TOHF12.8 - eFl2.7 oF12,.6 ¢F12.% F12.4 oF
11243 7 2B 6.8 - o/

MAMELIST /LONVIB/ XeMASS,AE,NON, TIME,BEAM .
NAMELIST JINPFRG/ OMFGIHOOESINOHODFvOELBM61OHGTDL'NORN.NORHBR,NORD
115 ¢NDOREQM, OMEGAFRSTMD

NAMELYST /IQINT/ TFNS.HBRI|HBRJ|HBPK,HBRL;!OJTRN;IJTRN.IKTRN.ILTRN
1, TANFT J TPNFIK, TRNFTL . ¢

NAMELYIST JCONTRL/ RFX.RFMASS.FFAE.XHDD'HlSHODnIEHUD.CELX.JGHBD.ZRH
10D,RFJG4RFIR . .
NAMELIST /0UTPUT/ lTﬁC'DZTAC'TENS|DTENS.IS!B.ISDD,PLOT,?ORO:D‘DRQ
NAVELTSY JTORVIA/ XeIRy JGeNONs TIMEBEAN

REWIND 2 :

REWIND &

CONT TNUE

D0 2 1=1,30

TRNS1T1=0,

TENFIJI(T1=0,
CTRNFIK{T)=0,

TRNFILIT)=0,

CONTINUE

‘DN 3 Tml,12

OMEGTT =0,

CONTINUE

DD 4 T=al,.9

00 & J=l,20

JElJs1)=0

. KeQ

M=0
KK=D
MM=0
1£90=D
ITAC=0
DZTAC=0
TENS=0

ﬂﬂﬂﬂwmﬂﬂﬂﬂwaﬂmﬂﬂﬂﬂﬂaﬂﬂﬁGGGDGGOGQGUGGOODGE‘CC

42
43

‘44

45
46

a8
49
50
51
52
53
54
5%
56
57
56
59
60
61
82
53
64
oe
86
67
68
69
70
7
12
73
14
7=
1%
77
78
79
80
81
82
a3
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000044
000aT
oono=0
gnonst
ponns2
ponpee
noannT4
00D0FS
000058
co00=T
000060
000041
0000&2
000nk2
onnn&&
oNNDeR

0000se
000077
anglne
000103
000109%
000117
Q00131
000133
00pY&s
onniaé
000150
oanALFE2
000170
non1T2
onnzo2

000204
000207
000210
000212

000214
nno21%
ocoo 7T
000221
000223

10

11

DTENS=0
NORN=0
NOPMBR=(
FRETMD=]
PLOT= . FALSE.
1510=,FALSE,

" 150D=,FALSE,

NORDIS= ,FALSE,
NOPEQMa FALSE.
RFEA=L,

RFX“l.
REAESSaY,
EANDD=1,
XMlD=1,
MASMOD=1,
DELX=Y.

esee READ TITLE CARDS’
READ (Fy100) {TITLE(I}Inly14)
IF (ENDFILE 5) 546

ENDFTLS =0
RETURN

WRTTE (£,101) (TITLE(T),Yel,14)
READ (5,100) (VITLE{1),1I=15,28)
1F [DOLLAR.EQ.TITLE{15)) GO TO 8
WRIFE (£,102% (TITLE(T),T121%,28)

G TO0 7
BACKSPACE &=
DO 9 1=1,8

1F (TITLECYS}.EQ.TITLIT)) GO TO (109139146¢18:19422+23424) 1

CONTINUE

WRITE (64103) TITLE(1S), TITLE(1S)

sYae

eess READ STATION DATA

READ (5,LNNVIB}
TOPVA=,FALSE.
M=M+] ’
NUM{ M) =NDN

esess MOVE DATA TO ARRAY BEMIND LAST ONE READ.

00 12 L=1,NON
KoKel
STN{K)=X(L)
HI{KI=EALL) .
SSAMIK)=MASSIL)

DIDGHICIUlﬂtﬂﬂlﬂtﬂﬂ'ﬂﬂlﬂlﬂﬂ?ﬂ(!U’Ut’ﬂ'@tﬁﬂ!@tﬂﬂ?@tﬂﬂlﬂtﬂﬂlﬂ!ﬂﬂ’m:ﬂﬂ!ﬂtﬂ

a%
86
87
as
a9
90
N
92
93
94
9%
96
97
98
99
100,
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
114
117
118
119
120
121
122
123
124
125
128
127



‘g8

000225
000230
00022¢
000222
000235
500236
000227
000242
000244
100245
000250
0002%2
000252

0002%4
0002Es
400256
000260
0007?7861
oN0264

000265
000270
" poo272

0002772

“poo27S

000276
ooe217

_ Q32301
L2302

090308
oon30é
0onoaly

000212
0nnN3zo
000321
000323
000323
000324
000325
000227

N

12

13

14

15
16
17
18
19

21

22.

23

25
26

CONTINUE
NONMBRoM

GO YO 7

READ {5,TORVIB)
TORVEA=, TRUE,.
G0 T 11 :
READ (%4 JOINT)

T, D0 18 =130

DN 1% J=l:4

IF {JC{1ad).NELO} 60 TO 16
CANTINUE ’ '

GO 70 17

CONT INUE

aess JNT = NO, OF JOINTS
INT=20

Gn 10 7

Int=1-1

GO YO 7

“READ (5,CONTRL)

GO TO 7

READ (S¢INPFRQ)

DO 20 Tal,12

IF (OMEGII}) 20421420

CONT TNUFE :

esss JTFRO = NO, OF INPUT FREQUENCIES
1FPQ=12

6O T 7

1FRQ=I=1

GO T0 7

READ (%,MODES)

GO YO 7

READ (*,0UTPYT]

Go T0 7

wees ALL INPUT 1IN, BEGIN CALCULATION
ewee READ TO SXIP SEND CARD
REAMD {S,100) TITLE(15)
NPRNT=(0

1F (NOMODE.GE,D) GO TO 2%
NOMODE==~NNMODE

NPRNT=1

MN=O

DO 28 TI=1,NOMBR
HN=HN+NUMITE)

oo ar

UﬂQGODGGQMIHQGWGQWGGOQGDDGGUQW@QGG@UG

128
129
130
3
132
133
134
138
136
137
138
139
140
141
142
143
144
145
146
147
143
149
150
151
152
153
154
15%
156
137
158
159
160
161
162
163
164
148
166
167
168
169
170



RLIN

00Ny}
000334
00023
000341
000343
0oN345
0003468
000247

oeo3s0
n0n3asy
0003517
plshr b
0003F&
C003E1
000362
0003464
000366
200370

000375
QON3aTé
000401

000403
annaty
Q00416
oona24
000424
000430

000431
000433
000436
000441
000443
000443

00044 %
000AST

27

2e

‘30

1n
32

33
L]

m

DO 27 ¥l=j .kl
STHITU}=STN{IY)*xMOD

HY{T1)=HI{TY}+EAMDD

SSAMLIY JaSSAM{ [T )*MASMOD

CONTINUE

LaQ

K}

I=}

so0s EXPAND STATION DATA ARRAYS IF NECESSIRV
by 32 M=!|NOMBR

L=NyM{M)eL

Tatay

KK+

IF {(X.GT.500) GO YD 30

X{K)=5TNIT~1})

HHIK])}=HY L I=1)}

MAS(K)=SSAMIT-1}

?F 'I‘t’ 29| 29; 31

T (4STNIT)=XIK) )L E.DELX} GO TO 28

seee INSEPT EXTRA PQOINTY

KK+

IF (K.GT.571 GO YO 20

X{K)=X(K~1)+DFLX

soee LINEAR INTERPOLATION FOR ADDITICNAL VALUES
PART={XIK)-STNL{T=1) I/ {STN(T)=-5TN(I=1])
HA{K ) =TI =10+ (HI{1}=HI{I~1] )*PART
MASLKYaSSAMIT=1) ¢ (SSAMLT }=SSAM(T=1})2PART
GO TO 29

WRITE (6,104}

GO 7O 1

ssve NSTA ARRAY HAS CUMULATIVE NO. OF STATIONS PER BEAM
NSTA(M) =K

CONTINUE

eaes CALLULATE THE CENTER OF GRAVITY

CALL CGRAV (NOMBRyTOTM,TOTS,CG)

ssas PRINT QUT INPUT

IF (JNDTLI500) GO TO 25

ssss INPUT REQUIRED FOR FINAL OUTPUT, SAVE ON SCRATCH TAPE:
REWIND 2

WRITE {2) loISTN(I}gSSlHIIl'H!lIloI'ngl

END FILE 2

WRITE (8,205) (TIYLE(I},Is1,14)

wuuuaaawwumwawmuucnmamwnaamm@maammmmanuoaawm

171
172
1713
1T4
175
176
117
178
17%
180
181
182
183
194
18%
186
187
188
189
190
191
192
193
194
198
196
197
1986
199
200
201
202
293
204
205
206
297
208
299
21¢
211
212
213



58

0005n1

anosa7
000510
n00%11
00514
00n516
000520
000521
000523
000524
000525
000527
000530
000522
000533
000516
000537
000542
000544
00054%
000547
000550
000552
noOSS2
ano==s
N0DSSE
000561

ooneas
000654

000707
000710
nonTi1l
000712
noeTLS
0007358
000736
000727

OO0 O

3%

3T
38

g’
.40

saes COMPUTE REFERENCE VALUE FOR FREQUENCY
OMRaSQRT{RFEA/F (RFMASS*RFX*#2))

SET PRINT STATEMENTS

PRINTY=F

PRINY2=F

IF (NDRDYS} PRINT1aY
TF (TORVB) 386338
RE=0F ]

RM=RFZ
PRNT2=BLANK
PRINT2=RLANK
RMMOD=2ZPM
RAMDD=G JM
RMAS=ZRIN
RAEP=GIIN -

Da 37 1=1,3%
ARPY(T)=TARRY(1)
GO TO 49

TF (NDREQM) PRINTZ2=T
REaRF4

RM=RFM
PANT2=PNORE
AMMOD=ASM
RAMOD=AEM
DMAS=RMINP
RAEP=RAE

DD 39 Tat,3

ARRY (T }=LARRY(T)

WRITE (6,104) RE,PFEA NOMODEyRM RFMASS (NORMBR 4RFX,NORNGOIMR . PRINTY,
IDELXyPRNT2yPRINTZ2 y OMEGA » RMHOD ¢ MASMOD y DELCMGy RAMOD s EAMOD, DNGTOL

WRITE (6,Y0T7) (JelJCUI9I)yTmY Blydnl,y INT)

WRITE (5,108) (J|(JC(J;Ilol'1|4loTRNS(JlgTRNFIJlJ).TRNFIKIJ)gTRHFI

ILCa) o d=1,y UNT)
LINF=&

K=0Q -

NN=0

WRITE (6,119)

WRITE (84109) ARRY»{TITLE{1),151,14),RMAS,RAEP

| £3)
LMAX=34
DO 46 M=],NOMBR

- N B R - N K- NN BN NN X N R-R- - N X NN R ENENELENEERLEEELEYENENE]

214
215
216
217
218
219
220
221
222
223
224
25
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
=42
243
254
248
246
247
240
249
250
251
252
2%3
254
259
256



98

aontal
000742
nonT45
0noTas
0007T=1
00076)
000762
000TE4

onoTes
on1003

001007
00102%
001021
001033
001024

001037

001051
001053
0N10%%
no10s?
Q01040
nnios2
0010¢&3
no1065
001070
001072
oninNT2
nD107E
no1077
collol
co1103
001103
001110
oo1112
001113
oo1118

41

42

49
50
51
52
53

54
ss

LINF=LYNE+}

TF (LINE.LT.LMAX) GO TO 42
LINE=Q

WRTTE (£,119)

WRYTE 16,110} RIMAS,RAEP
N=N+1

I=f+#1

IF {.NOT,1SID) GO TO 43

voss PRINT DUT INPUT FOR INPUT STATICNS ONLY
WRITE (652110 MaNpSTNLT )y SSAN{TISHI(T)

1F (N-NUMEMI) 4745445

veos PRINT OUT TNPUT FOR ALL STATIONS

WRITE (6,112) MeNoX[{1}oMAS{T) HHI(T)

IF (N=NSTS{M)+NN} 81,4444

NN=NSTA (M)

N=0

CONTINUE

WRITE (Ra113) CGyTOTM,TOTS

ensa SET UP TTTLES FOP TABLE 11 CUTPUT .

wase CAN PRTNT FROM 1 TO & COLUMNS OF DATA (NVAR)
ense SUBSCRIPTS ARE CHOSEN S0 THAY ALL OUTPUT TS PRINTED 1IN
see PEFERENCE TO THE U ARRAY (SEE EQUIVALENCE STATEMENTS)
DN 49 Inl, 4

HEAONGY Y+ T}=BLANK

HEADNG (24 1 )=RLANK

CONTINUE

NVAR®TENS

TF (TENS) 58,5%,50

1€ (Tnavp) 51,%2

HEADNG(1,TENSI=TITLES(1,5}

HEADNGI2, TENS)I=TITLES(2,%5)

GO Yo =T

HEADMGI 1o TENSI=TITLES(1, 1)
MEAONG[ 2, TENS}aTITLESI2y1}

LVE{TENS)=] ’

MV {TENS )=

TF {ZITAC) S8456,45%

HEAONG (1, ZTAC)=TITLES{1,42)
HEADNGE 2, ZTAC)sTITLES(242)

LVIZTAC)=Z .

MVIZTAC)mY

IFf (2TAC.LT.NVAR)} GO TO -1}

257
258
259
260
251
262
2612
264
245
266
267
258
259
270
271
272
272
274
215
274
277
278
279
280
281
282
283
204
RS
286
287
288
289
290
291
292
293
294
29%
296
297
298
299



&8

o017
oo1117
001121
001123
ao112é6
001129
cri12D
oo1122
001128
001127
001141
n01143
Dol1143
no1145
goLEg
001152
001153
00115%
00t157

DOX1%T

001181

001163
001165
001168
001147
001170
001172
n01174
onL1TA
081200
001201
001203
001205
1207
001212
001213
001218
001220
001221
001223
002226

56
Ly |
58

59
60

&1
LT 4

65

NVAR=ZTAC

IF (DYENS) 61461,57

IF (TOPVB) 58,99
HEADNG{1;DTENS)=TITLES(1,6)
HEAONG 2y DTENS) = TITLES(2,6)
GO TO 60 .

HEAONG (1, DTENS)=TITLESI1¢3)
HEADNG (29 DTENS)aTITLES(2,3)
LV(DTENS) =1

MV{OTENSI=13

1F (DTENS.LT.NVAR) GO TO 61
NV 80 =B TENS ,

TF (DZTAC) 63,63,62
MEADNG(1,DZTAC)=TITLES(1,4)
HEGDNGI2,DZTAC)sTITLES(2,4)
LVIDZTAC) =2 :
MY IDZTAC) =13

TF {DITAC.LT.NVAR) 50 TO &3

. NveR=DITAC
wees PUT BCD FORM OF NVAR IN PRINY FORMAT

FORM(4 ) =VARNDINVAR)

svse PREPARE TO NON=DTMENSTONALIZE A

XH=RFX/OFEA

XTH=z XH&PFXak2
HX1=RFFA/RFX
HX2=HX)/RFX

HXXaHX2/RFX

DO 56 I=1,INTY
TANS(T)=TANS{T)*XH
TeNFTS(T)=TRNFIS{T)eHXL
TRNFIKITI=TRNFIK (1) #HX1
TREFIL(T)=TANFIL(TI*HXL
CONTINUE

HOHR =1, /RFEA
HCMR =Y /RF¥ASS
XCXR=1/PFX

D0 45 I=14K

CHHLT ) =HH{ T ) #HCHR

CONYYNUF

OELNMGeDELOMG/CMR

1F {1FPQ.NE.D) NOMODE=IFRQ
NOMODE=NOQMODE+FRSTMD~1
TCOUNT=0 ’

LL STATION DATA

370
301
302
203
A04
305
206
307
1]
309
310
nt
M2
313
314
15
216
217
2148
219
320
321
322
323
324
325
26
2T
3249
3129
330
m
232
133
334
335
334
237
338
3129
340
241
342



88

001224
nn123l
001233
001237
001241
001243
001245
001247
0012%2
001253

001254
0012%%
001287
001260
001261
nmasa2

no1263
nn1264

001266
001270

001301

opy202 -

001211
001313

001314
001322

nota22

001324
nol22¢&
091320
001332
001335
co01340

66

67

1€ {PLOT) 1APL=D

DO 99 HFFQ=FRSTMD,NOMODE

TF (WPPNT.NE.O) WRTTE (5,114}
MSTA=NSTAI{NOMER)

. DO 66 I=1,MSTA

X{TI=X(T}EXCXR

MASIT }=MASLT )*MCMR

CANTINUE

17=1

1F {TF20.€Q.0) GO TO &7

ecse USE TNPUT FREQUENCIES

1T=2

OMEGA=OMEGINFRQ)

1TER=])

NUs=1

NUCT=0

GMASS=N.

eeoe NAN-DIMENSTONALIZE FREQUENCY

(U EGASNIMEGA/OMR

esee CALCULAYE A MATRICES

CALL ARATRX {1}

ssse CREATE U MATRIX

CALL UMATaX (TFRR)

1F (MPRNT,.NE.O) WRTITE {64115} OMEGA,UBETINU)
esse 1F IERR = =1y ODETERMINANT VALUE IS5 NO 000, GO TO NEXT OMEGA
eaas 1F TEPR = 0 EVERYTHING 15 0K

vese 1F TERER = Y, 10 BAD DETERMINANTS, GO TO NEXY PROBLEM
IF {1ERR) &8, Tyl

GO TO {71,720y IT

£aLl ITERAT (IFRR}

1 (1ERR.NE.N) GO TO 1

seue IT = 2 1F FREQUENCY 1TERATION HAS CONVERGED
GN TO (68,69), 1T

CONTINUE

ansa RECALCULATE A MATRICES FOR MCDAL DATA
CALL BMATRX (20 '

eee MIMENSIONALIZE MODAL DATA

DO T3 1=, MSTA

X{T)=X{T}/XCXR

" MASEI)sMASLT)/MCHMR

YileT)=¥{1,T)*RFEA
Y(2:T)mY(2T1*RFX
DY{1,11=DY(1,1)¢XH

343
344
145
346
387
248
349
350
351
352
353
354
355
ase
33T
258
%9
380
351
342
363
364
148
3566
267
3568
3569
70
aTi
372
373
374
3715
376
Ty
378
379
aso
an
382
387
384
aes



68

001342
001348

0013486
0013%1
001353

LT
001355
001257
n01260
AN1361
001342
oNL26%
001766
001370
001372
001372
001374
001375
001374
001400

" npr40S
001410
. D01412

001412

0nL41s
nmeLt
001420
001421
0n1425
on1ean
nN1431
NO1424

001424
001436
001440
001442
001442
001446

T3

16

17

78
79

a0

61

82
83

CONTINUE

OMEGA=NMEGA*OMR

GMASS=CMASSHRFMASSHRFX AT

VALUE=Y,.

IF (NORN) 80,8074

evee NORMALIZE ON A SPECIFIC STATION {ZETA)

teee NOPN 7S THE DESIRED STATION IN REFERENCE TO THE INPUT. MUST
wees LOOK EOR THE SAME STATION IN THE EXPANDED ARRAY,
MYQT=0 N
LIM=NOPNBR=-1

IF {(LIM.EQ.0}) GO TO Th

00 75 M=l,LTM

MTOT=MTOTHNUMIM)

CONTINUE

MTOT=MTOT+NDRN

L1=NSTA{LIM}+NORN

L2=NSTA{NDRMBR)

G0 10 77

L1=NOFN

L2=NSTA{Y}

MYCT=NORN

" DO 7O M=Ll1,.l2

IF (ABS{STN(MTOT}~X{M}).LE..O001} GO YO 79
CONTINYE S
VALUE=Y (2 M)

GO TN 82

1F {.NOT.NORDIS) GO Y0 82

sese NORMALIZE ON MAXTMUM ZEYA
ALUE=ARSIYI2,1))

VALUE=Y(2,1)

00 81 T=1,MSTA

IF (ALUE.GE.ABSI{Y{2,1})} 6O YO B1
ALUE=ABS(Y(241))

VALUE=Y (2,1}

CONTINUE

60 TO 83 ) :
eese NNAMALTZE ON GENERALIZED MASS
1 {.NOT.NOREQM) 6O TO 83
VALUE=SORT{GMASS)

00 8% T=1sMSTA

DO 84 K=1,2

YiKeT)=Y{Ky1)/VALUE

DY (K, 1)=DY(KyT)/VALUE

YL L KK

Dﬂﬂﬂﬂﬂ{ﬂﬂ@ﬂ@m@@!ﬂﬂﬂﬂmﬂﬂﬂ@ﬂ@@ﬂﬂ@mﬂW'IGO@O

386
387
288
189
190
191
392
393
294
395
296
197
198
199
400
401
402
493
404
40%
406
497
408
409
410
411
812
413
414
415
416
417
are
419
420
421
422
423
424
428
426
427
420



ne1451
an14s2
001655
001457y
001481

001462
001464
001504
001508
001511
0015123
oe1523
001525
7201525
01527
nN1551
001LE60
Do187TT
an1603

O 001694
<

001508
001605
001607
001610
001611
001613
001615
001616
001621

noLeso
01654
nn1686
0016%7

Qn1660
001886
001647
001657
001671
0014674
D0167¢

84
]

-1

87
88

89

99

92
93

CONTINUF

CONTINUE
GMASSEGMASS/VALUREHD
ROMEGA=OMEGA/6.2831852

1F {.NOT.150D} GO TO 86
eess READ INPUT BACK IN

PEWIND 2

READ (2} K,(STNI!)iSSlH(ligﬂlil)tY-loKl

FORMAL25)=OMFORM(T) -
WRITE (£,119)

on 87 I=14%

I1F (OMEGALGT10.#*(1~1)
FORMAL 25 JwOMFORMI T}

GO YO 88

CONTINUFE -

WRITE [&,FORMA) {TITLE!
IF (.NOT,TOAVA) WRITE'(
WRITE (£9117) (HEADNGIY
WRITE {&4118) :
LINE=D

N=0

NN=0

1=0

NS=l

DO 97 M=l ,NONBR
LINE=LINE+]

1 GG TO B7

TheInlygléd)e 71 HE.NF!&'RDHEGA.OHEGA
5,116) GHMASS
ol)gHEADNGlZolIlI-1|NVAR)

1F (LINE.LT.LNAX) GO TO 90

LIKE=0 ‘
WRITE [£,119)

WRITE (#,120) NFRO.IT!TLE(L!,L'Ipl#I'iHElDNGIlgIIlpHElONGIZ.lIIpll

1= (NVAT)

WRITE {(Rel18)

N=Me)

I=7T+% -

1£ {.NOT.1S000 60 YO 93
eess WRTTE DUTPUTY FOR 1
IF (ABS{STNINS)I-X{T}}.L
1=J+1

G0 0D 21

NS=NS+1

1F {N=NUMIM}) 89,496,946
DO 94 1T=1,.NVAR
LL=LVITTI)42%(I~1)

NPUT STATIONS ONLY
E..0001) GO TO 93



16

001701

001702
001707
001711

001732

001734
001737
001741
N01T42
001745
00LT%1
001752
001755
001760

001763

0o176E

001775

00776

© Q01776
- 001TTe

001776
001776
DO1776
001776

N01TTH,

coYTTE

001776

on1TTS
OO1LTTS

DO1776
001776

001TTS

o

96
91

98
99

c

100
101
102
103
104
105
106

107

-108

109

110

111
112
113

114

MM=MV(TT) _

SAM{TT)=ULLLyMM)

CONT INUE . .
HRITE (6, FORM) MyNyX{11y (SAM{TT1411m14NVAR)
IF (150D) GO TO 92 _

IF (N-NSTA(M)+NN) B9,9%,95

NN=NSTATNM)

N=0

CONTINUF _
IF {1FR0.EQ.0) OMEGA=OMEGA+DELOMGSOMR
1F {PLOT) 98,99 -
ICQUNT=TCOUNT 4

1F (1COUNT.6T.3) GO YO 99

CALL STDRPLT {NSUM,NUM,TSOD,TORVE, IXPL)
T CONTINUE

IF {PLOTLAND.ICOUNT.GE.3) RETURN

Gn ot

FOPMAT 1A241244) ,

EDRMAT [1H19X.A2,12R6)

FORMAT (IHO9XsA2,12A¢)

FORMAT (EX,A2,AbyEX 42H-~-THIS CARD 1§ IN ERPOR, JOB TERMINATED. )

FONMAT (SX,42HMORE THAN 6N0 STATIONS, RUN TERMINATED.)

FORMAT {1H15X,20HPAPAMETER CONTPOLS =A2,1388///) -

FOPMAT (19XsAB,0PEY3.5,12X,8HNOMODE 2TASFLTX ABLEL2, 512Xy BHNORMBR
1 2167/20%, SHRFX 2E12,65, 16X AHNOPN =T4//13X,12HCMEGA SUBR =E13,.5,12
2%y GHNOROTIS = A2//719XyS#HDELX sE13.5¢12X¢ A0 A2/ 7 /13X, THOMEGA =E13.5/
/17Xy ABLE12, 512X, BHDELOMG =E12.5//18X,AToE13.5,12XKy BHOMGTOL =E13.
4577) ,

FORMAT (1MOZX,19HBOUNDARY CONDITIONS//6X,SHIDINT4Xy5IHMBRI MBR )
1 MBRK  WMBRL TOJTRN TJTRN IKTRAN TLTRN//(6Xe1392X,817/1)

FORMAT (1H1BX,32MSPRTING AND FLEXTBILITY CONSTANTS/ /76X ¢ SHIOINTAX 63
THMARY  MARJ | MBRK  MARL  TRNS TRNF1J TRNFIK TANFILZ/
2{5%s 17,2Xs41T4HPAELN.3]) _

FNEMAT (TH ROX, THTARLE 1/7/43X,24HPHYSICAL CHARACTERISTICS/43Xy 3AL0
147 736X A2, 13AE7 FTXy THSTATTONTX, 1HX12X o Aks 13X, A2//)

FORMBT (1H 40Xy 19HTABLE 1 (CONTINUED )/ /T Xy THSTATIONTX o EHX12XsAdy 14

1% 8277) _

FORMAT (18,1H=13,0PF12,7,0P2E16.5)

FORMAT {I8y1H=13,0PF12,3,0P2€16.5) =

FORMAT (/77720Xy22HCENTER OF GRAVITY X = £10.5//20X,22HTOTAL RASS
1 = F10.5/720Xy22HS ‘ = OPE14.5) .
FORMAT (1H1)

CHWATND

4éﬂﬂﬂﬂﬂﬂﬂﬂﬂmmﬂﬂﬂ@ﬂO@OOGGGHGQOGGGQOOD

472
473
aT4
47"

&76

&T7
478
AT9
480
%81
482
483
AB4
485
486
&87
488
489
490
491"
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
207
508
509
510
511
512
513
514



76

no1TTé
on1TTé
onTTé
DOLTITE
001778
001TTS

001776

115
1146
117
118
119
120

FOAMAT (5X,16HNON-DIM. FREQ = 1PELS.T,5X,BHDETERN sE16.7T)
FORMAT {4X.17H GENERALIZED MASS,E16.7)
FORMAT {/5Xy THSTATIONS Xy 1HX 92X ¢4 (2X22A6})

FORMAT (/7)

. FORMAT QYHLL/4I])

FORMAT (1H A2X,14HTABLE 11,
1:!,2!,‘(2“12.5' 1
ND

MODET e/ /36KeAZy13A6/ /5K, THSTATIONSX 2

oo woond
w
o
- -



£h

000010

600010
oreoolg
oeool0
lslsJoep s}
000010

ooonLo
onoolt
000012
onnLs
ononls
ononzs
n0on24e
aono3z
oonoé4l
000044
oonns?
000057
000083

‘000132

000137
oon1N2
000160

nnNoYaeY
noo162
non1ée3
No0167Y
0001 T4
nanzo3
00020%
000207
oog22
000230
000277
Q0n200

000301

000206
000310

AC P w

[+

SUBROUT!NE STORPLT (NSUMyNUM 150D, TORVB IXPL)
GIMENSTCN NUMI20), Y(2,600), DY(2,500), STNI6OO), SSAMIA00], NS(30

1)y H11600) :
LOGICAL TORVE,.1500
REAL MAS

COMMON /BLK2/ 16001 fHHI6DN) (MAS (80004 NSTAL30) -
COMMON /BLK3/ U(lODnSOI'B(Z.2,30)|0ﬂEGlgNDNBR|TENP(2130|UGHISS

EQUIVALENCE (Us¥hy (UL
311,37 HTD

1F ¢71SONY GO YO S

NS{1)=NSTALL)

NI =NOMAR-1

o0 1 I=1,yNI

19133,0Y¥)¢ (UL1¢25),5TNDy (U(l.;l!'SSAI?g w

NS{T+Y)=MSTALT+1I-NSTALITY

NSUM=NSTA{NOMBR)
WPTITE (4,111 NSUM
IF {TXPL.FQ.0) 23

CALL RECOUT (3,1,0,VTORVE,NNHBR)
caLL RECOUT (242504N5¢ 19 NOMBRy 1)

IXPL=?

CALL RECOUT (2,1,0,NSUMD.
WRITE [4) lKl!qullgNSUHli(HlSll1'1-1|NSUHI.IHHI!lv1111NSUﬂl

00 & K=14NSUM

CALL PECOUT lBgl.DpY!2.KI.DY!2.K!.Y(1.K)'

CONTINUE.
RETURN

PLOT DATA FNR INPUT STATIONS ONLY

NSUM=0

DO & T=T,NOMBR
NSUM=NSUMsNUM{T)
WRTTE {&,11) KSUM
IF {IXPL.EQeD} To®
IXPL=Y

CALL RECOUT {341,0,TORYBNCMER]}
CALL RECOUT [3,2,05NUMy1oNOMBR,YY

CALL RECOUY (241,0,NSUM

WRITE (5] (STN{I],1=1,
NS=0

1=1 ,

DO 10 J=1,NOMBR
NU=NUM{ J}

DO 10 I11=1,NY

} ;
NSUﬂloISSANI!loI-I'NSUHIylHIIIIoli1|N$UHl

-ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬁﬂﬂﬁﬂdﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ_ﬂﬂﬂﬂ

PO WL W WD RN NN
rrliaNrRruNnrooaN

NNNNNNI“!‘D‘!—"!‘F‘F‘#ﬂh‘ .
\I-Fuil\ﬂr'cOO-‘O‘I«DWN#OGQHO“’NNF



%6

00031t
noo3ng
onnz2l
000322
000122
000343

No0246
0003456

10

11 .

NS=NS+1

1F (ABS{STNINSI-X(T)}.LE..0001) GO TO 10

T=1+1
GO 70 9

RETURN

FORMAT (/21H TOTAL NO. STATIONS =,15)

END

‘CALL RECOUT $391405Y(25109DYE29T0,Y{1e1))
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oonco?
200097
000007
006010
000011
nOnN 2
000017
o029
000025
000027
000031
000032

PunN

SUBKOUTINE STORE. (AeNyeMy 1)

DIMENSION Al142}
COMMON /8LK37 UL100+60) s
. Jd=M

on & J=1,2
IF (1) Ye242

UlNy 1) ==A{14 D)

GO TO 2

UiNg J))sAt1e 0}
Ji=J el
CONTINUE
RETURN

END

BI212'30I|0MEGA;NDHDR'TEHP|?.30!.GHASS

-1 1--A-2-E-A-R-A-4-4- |

b it gl
NHOSB NP RPWN -

13-
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96

eeonot
000007
000007
000007
ooo010
ocoootl
000013
go001%

i) B

fonn2é

0000286

00N040
000042
000044
00004%
0O00AT
000050
000051
000052

SUBPOUTINE CGRAV (NOMBR, TOTM;S,CG)

COMMON 7BLK2/ X{600)¢sHHLECO)4MAS{S00)NSTAL20)
REM. MAS

SuMi=D.

SUM2=0.

Ll=?

L2=NSTA(L)

DD 2 Mol NOMBR

DO Y T=13,12

SUNT2SUMT 4, SH(MASTT IeMASIT=2 )% X(1)=X{1-1]])
SUMTIaSUMZ+ 28 # {MASTITI+MASTT=1) )& (X(T1)8*2-X{T-1)4%2)
CONTTNUFE

L1sNSTAIMY+2

L2=NSTALMeL}

COKTYNUE

TOTH=2SUMY

S=SUM2

CG=S/TOTM

RETURN

END

mAaMMmMMMMAMMMA MM ANRMN

FI LA AN R



43

000008
Q00006
oono0T
000010
oooo21
000022
000024
000025

SUBRDUTINE MOVE (ACyN)

"BIMENSION CUNg2)e AlNs2)

DO 2 T=21.N

po 1 J=ly2
Ctly51=ALT4 30
CONTINUE
CONTINUE
RETURN

END

MARARAANARNY
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nconio

000010
co0011
000012
000043
000046
000050
000051

SUBROUTTNE MATMPY (AgBeCyNeM)
DYIMEMSTON A{Ny2)s B{Z;M)y CINyM)
sees N = NO, CF RDWS IN A AND C
eves M = NO, OF COLUNNS IN AND €
DO 2 Tal,N

DD 1 JalgM

CC(Ty J1aA(T4108BUL s JI0ALT, 202812, 0)

CORTINUE
CONTINUE
RETURN
END

OO ANAND

i
OOV APAPUN~

11-
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66

SUBRQUTTNE INTERP {(XXeYY,T}

000006 DIMENSTION Xt&), Y(A), XX{20); YY(20)
000006 O TF {T,.,LT.2) GO TO &

oroo10 X{1i=XX11-2)

000011 X2 I=xX11-1}

(platalsh i | X{3)=XX(1)

000014 Yill=yY(1=-2}

noNe14 Y(2)=¥YI1-11}

onoerTY YU2)=yv(l)

aconzy ST2(X{1)-X{2VD/UYiL)=¥(2]))

00002% S2Ze(X{2)¥~X(2}1)/(Y(2)=¥Y12))

000030 IF {ABS(SI/S2-1.0.1E. .E~¢) GO TO &
annnas AMAX=AMAXT{XEV ) o X(2) g X (2 )41 E-T

0annes XMIN=AMTAL (XL X020 4 X(3}) =1, BT
oonns2 DENDMa (X{1)*22=X{2 ) 23212 {X(2)=X{13))=(X{2)0#2=X (3} 22} #(X{T)=X(3))
NODNGS A= (YA =Y (210X 2)=X (31 ) =(YE2)=¥(3) )*{X(2)=X{3)) ] /DENOM

000077 B=({X{L)%%2=X[3)4%2)&(V{2)=V{3))=(X(2)#82=X(3) 242} % (V{1)=Y(3)) ) /DE

‘ 1NO¥ '

000712 C=Y(2)=A$X(3)092=BAX(3)

000120 TF (A.LT.1.E18,AND,BoLT.1.E1B.AND.C.LT.1.E18) GO TO 1

000133 8=8/1,F18

000134 B=B/1.F18

000135 C=r/1.618

000134 1 SQP=AXA2-4 k40T

000142 IF (SOR) T43,2

0001486 2 5QR=5Q"T(509)

000147 23 RY=(=B+SOT)/{2.2A)

00012 RI=(=R-SQR )/ (2.%A)

A0r1 57 XX(141)=0,

ponie? IF (97,67, XMINLANDLRTLLT XMAX) XX(I+1)eRl

non17s TF {P2.GT.XMIN,AND.R2,LT, XMAX) XX(T+1)sR2

gon20s TF (XX(1+1).EQ.0.) GO TO 7

nnn210 4 CONTINUE

000210 RETURN

0oe211 S XXUT+1)=X(2)-Y(2]1%52

000218 60 TO &

000216 6 XKE3)aXX{1)=YY(LI*IXX{1}=XX{2) D/ {¥YL1D=YV(2)}

000225 Go TO &

000225 7 =1

000226 8 Ja )

000230 1E (YYUIMYY(I)) 9,98

000233 9 XX Te1)mXX 05 I=¥Y ( JIROXXL IP=RXCT DI/ (VYL SN=YVLIT))

2 YT T T r I I X I XY LI T LI II X LII LI XTI ITIEIIILT IR

P o =t g gt b put et b b et
OOD-NOAPFWNESDIOD TR P SN
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GO TO &
END



oneon3
00non?
cnono3
opnnana

. 00000

oono
000013
alclslep B3

000015

onno20
000022
00002%
onoon2Y

“000030

00nN2}
000024
00N025
ononay

| DON0AD |

an004?2
onanas
nnnnes
000044

000046
Qooas2

000087
Qo006%
onoosT
000072
0000 TH
oonNnTs
Q00077

000100

[CE N Nyl

L ] [y IS Xt ¥x Ny iy

-RaX- R0

SUBPNUTINE ITERAT (IERR)
DIMENSTION DML20)

LCOMMDN /BLKD/ ULL100,60),B1242430) yOMEGA)NOMBR 4 TEMP (2530} p GMASS

COMMON JRLKA/ unETlZOl.NU.oetunc.oustUL.tr.ttek.nuct
1ERR =D

GO TO {1,5), ITER

1F (NU, N‘ 1} 60 Tn 2

unlll—nussk

6N 10 3

wnsa TEST FOP SIGN CHANGE

IF (UDET(NU=1J*UDETINU))} #99¢3

enas INCREMENT FREQUENCY: AND TRY AGAIN

NU=NU+1

TE (NU,GTA20) GO TO 14

OM(NU)=0M(NU~1) +DELOMG

GO TO 7

eses STGN HAS CHANGED. BEGIN ITERATION.

ITER=2

IF {NUJ.LE.?} GO TO &

UDET{YI=UDET(NUY=2)

UDET{21=UDETINU~1)

UDET(2)=UDEY (KU}

OMI1I=0M{NU~2)

QM(7)=NM{NU-1}

0M(? )1 =0M[NY)

Ny=2

60 TO A

esee TEST FO® CCNVERGENCE

seee 15 DETERMYNANT NEARLY LERO

IF {ABS(UDETINU))LLF.1.E=h) GO TO 9

esse IS5 CHANGE TN DETERMINANT NE&RLY ZERO

IF (ARSCUDETINUMUDETINU-1)=1.).LE.1.E~6) GO 1O 9
eeee 15 CHANGE IN FREQUENCY LESS THAN TOLERANCE
1F (ABS{NMINU) /OM{NU=1)=1,}.LE.OMGTCL) GO TQ 9@
TF {NU.EQ.20) 60 TO 10

CALL TNTERP (CMyUDEY.NU)

NU=NU+Y

17=1

CMEGA=OM{NU}

RETUPN

esse GOOD FREQUENCY. RETURN 1O CALCULATE MODAL DATA.
1T=2

arl b oo omp b b pmb Pt St ot Sk ek e sl S bt g I o e el ) G o e ot bl e vt el et o o Dk oo v o e s~ ol
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o00N02

onnoe3
cnono?

an9n03
Qoo002
000002
o000
000002
000004
00000%
000006
(elalaleli b g
nan913

 00nO1R

<01

naonLy
Qranzo
000021

ANRA23
aonnzs
o0nN2s
000030
oro0n33
000035
QC004n
0nQ04L
000043
000044
noQos 4
onones
000050
0o0nss

ennnen
oonpe3
000066
Qo007T1
0000TA
000103

N

SUBROUTINE UMATRX (IFERP)
DIMENSTON Ct1,23s DI142),

El142)y FU1920y G142}y HIL92)y PIY,2]),

1Q01,2)y R(152)y S1142)y BASE1(142)y BASEZ(142), ERASE(100)

DIMENSTON COL{120)

CNMMON /BPLKY/ JC(3048) s TRNSI30)y TRNFTI(30) s TRNFIK(I0) o TRNFILI30),J

INT

CNMMON 7BLK2/S UTL0C,60)98(2,2,30) ¢OMEGA;NOMBRy TEMP(2,30) ,GMASS
COMMON /BLK4/ UDET{200) 4yNUy DELOMGyOMGTOL IT, ITERy NUCT -
EQUIVALENCE {CyDyEpFly (GePpRly (HeQeS)y (COL,TENP)

CATA BASE1/1440./4BASE2/0491./

IERR=(}

LI ¥=2%NOMEBR
D0 2 J=7,LIM
Do 1 tﬂthIH
UlTyJ)=0,
CONTINUE
CONTINUE

- JRYa=t

JR2=2

0O 32 M=al, INT

sess TS THEPE AN ~1- BEAM
ITRIG=1 )
IF (4C{My10) 3,32Ty3
CALL MOVE (BASEl,C,1)
KKa24{ JC{M;1)=-1}#1
L=yl

IF (JCIMe5l=2) 445,86
CtY,1)=0.

CtY,y2)=1,

ITRIG=?

GO TO #
Cl1L,2)=TENSIM])
N=2JF{M, 1}

CALL MATMPY (C4BUN414NIsTEMPy1,2)

CALL SYORE (TEMP,LLKKe1)
eane’ IS THERE A =)~ BEAM
IF (1CIM2)) Te12,7

CALL MOVE (BASEl,D,1)
CALL MOVE (BASE2,G641)
CALL MOVE (BASEZ¢Hel)

GD TO (9,8),y ITRIG
0‘!["'0-

L R R R el T O iy Sy "y VY Wy VY TR T TR SR TR TR T SO T T Sy Ny ey

OO NP RPN



£0T

coD281
non2es
onn272
onn2Té
000277
goc202
c00320T
one3ll
oon3atr2
000213
000214
000215
000317
000320
000322
Q00327
0on3ag
000225
¢on23y
ano242
Q0D 24K
ann2&e7
000282
000353
000355
0001355
nooasy
000362
Q0034
000265
poo37l
000373
000274
000404
000406
000410
000416
000417
0no426
000430
00N&42
oonaA s
000445

22
23

24

2%

26

27

28

29
30
31

32

33

CALL MOVE {BASE245+1)
GD TN (27,22), ITRIG
F{ty1)=0,

KKE=2%( J0(M8)=1)¢]

‘CALL STORE {FsLLyKKKy=1)

IF (JC{MyBI=2) 26424425
S{1,1)==TRANFILIM])

GO YO 26

R{1¢21=0.

S{1y20=0.

St1,1]=1,

LLL=JR?

JrRZ= JR2+)

N=JCIMy 1}

CALL MATMPY {P,B{Y 1,N}TEMP,142)
CALL STORE (TEMP,LLL,KK,1])
CALL STORE (SyLLLyKKKy~1)
GO TO M

CALL MDVE (BASE1,D.1)
KK=2%{JC(My2)-1}+1

LL=jn]

TE {JC(Me51=-2) 28,2930
D{l,y11=0.

Dl1s2)==1,

GO TD 30

0{1,2)==TANSIM)

CALYL STORE {DyLLyKKe-11}
J01= _‘o?

JR2=JF 241

COATINUF

1F (ITLEQ.2) GO TO 37
1SCALE=D

CALL STMFOD lU.LIH.0.0.UDETlNUI.TEH?.IOO.!SC!LED
If (ISCALF,.EQ.O0) GO TQ 35
CALL NVERFL ()
DFT=UNETINUI*1,E18%*1SCALE
CaLl. OVERFL (J}

GO TO (33,234), J
ISCALE=10*1SCALE

WRITE {64%0) OMEGA UDETINU},ISCALE
TERR =]

NU=1

LARGESLARGE#1

bht-l-bl-bo-bi-hht_(-hhbc-&.:-su.n.c.ahhbc.l-q.!‘.c—l-n-l-hbhhhl_.b

-1
8T
88

90
21
92
93
94
9%
9%
97
98
99
110
101
192
103
104
10%
106
107
108
109
110
111
112
113
114
115
114
117
118
119
120
121,
122
123
124
128
126
127
128



Y01

onnN1ng
foniny
onp112
00Ny
000121
noel122
000123
000124
000125
onn127
000130
nno13a
000135
000142

00014S
0001%0
oontsa
o0on1s6
0nolel
oo TN
oan1TY
nNNY 74
QonL74
ann2o3
n00204
000213
000218
naD214
ooo217
00220
000221
oon223
0nn224
00n?24
~on21a
000234
nen240
000245

o0o2%0
oonzsa
000256

9

10
11

12

13

14

15
16

17

1e

19

20
21

KEK=220JCIMy2)-1)41

CALL STORE (DebLLyKKKy=1)

TF (0 Me8)=2) 12410,11
H{Yly1)==TRANFII{M}

GO TO 12

Gl{1y2)=0,

Hily2)=0,

H'l'l‘ﬂ!‘

LLL=pR2

JR2=gnzet

CALL STORE {HeLlLLyKKKy=~1)
N=JC{M,1) .
CALL MATMPY {GyeAlLe1yNIyTEMP,142)
CaLL STO2F (TEMP,LLL,KK,1)
vaea IS THFRE A =K= BEAM

TF {JCIMyAL) 12,20,1%

CALL MOVE (BASELl,F,)

CALL MOVE (BASE2,Py1)

CALL MOVE (RASEZ,0,1)

GO TO {(1&,41%), ITRIG
Etly1)=n,
KEK=2%[JO(My3)=1041

M= JC{My2)

CALL MATHPY (EyRILls2eNIyTENP,1,2}
CALL STOPE (TEMPLL KKK,1)
IF (JC(M,T)=2} 19,17,18
QUIe))=TRNFIK(M)

GN TO 19

P{l1,2})=n,

Q','Z'SOO

Q(l, 1)1,

Lit=ypr2

J7 23 3R 741

N'JC(MpI'

CALL MATMPY (PsBlls14N), TEMP,1,42)
CALL STORE (TEMP,LLL (KK,1)
N=JCiMy 2}

CALL MATYMPY (QyBLY,14N)yTEMP,1,2}
CALL STORE [TEMP,LLL ;KKK,=1}
ssne IS THERE AN ~L~ BEAM

IF (JC(MyG)) 21,31,21

CALL MOVE (RASELl4F,1)

CALL MOVE {BASE2,R,1)

hl—ﬁ-bﬁ-i-ﬁ-h-bl—‘-h.hi—&-hliﬂ-b‘-h-&l-&-hnhl—ﬁ-h-ht—ﬁ.h‘-&-hi—t—ﬁ-hﬁ-ﬁ-ﬁ

43

45
46
47
48
49
50
51
52
53
54
5%
56
57
58
L1
60
51
62
53
&4 .
65
-]
67
-]
459
10
Tl
T2
L&
T4
15
76
”
78
19
80
a1
B2
83
84
85



000447
oones!
oenass
000465
QAnO4&ET
000460
00N4kY

000ukY
non4s3
000445

0004eT -

000472
000473
000474
0O06TS

Teommn o P004TE

“S0T

Q004TY
Co0504

onosnT
n00s511
nAnEy 2
NQoF13

- NONE22

oNO*®24
naes24
000F290
foo=32
000533
000542
000544
000548

ulolild b |

0onse2
nonsse
00NSTN
0OnFTL
0n0%73
co0sT3
o00nsTS

%
g
26
37

EL
L
40

41
42

54

45

46
47

48

45

. OMEGA=OMEGA+DRLOMG

TF {LAPGE.GT.10) 1ERRa]
GO TO ?5

UDET(NU)=DET

LARGE=0

RETURN

CONTINUE

sese CHECK FOR NDN-ZERD ELEMENT IN FIRST BEAM
D7 38 M=1, JNT

tF !JC{".Z) EQ.1} GU TO 39

CONTINUE

TF (JCtM,S =2} 40,481,413

11=)

GO T0 &2

11=2

CONTINUE

GO 432 J=)yLIM

FOLEdI==UL Sy 1T}

CONTINYE

eses REMOVE SELECTED RON AND COLUMN
LLTMeTT4+)

B0 45 J=LLIM,LIM

DN 44 T=1,LTM

IR IESBEITIE SV

CONTTINUF

CONTINUE

NalIM-1

0O &7 TsLLIM,LIM

DO 46 J=1,N

UCT=1,01=U(T,]})

CONTTNYE

CoOLtI=1)=C0L(T)

CONTINUYFE

sves SOLVE FOR MODAL.MATRIX

CALL STMEQ (UsLIM=}, COLyYyDET, ERASE 2100, 3SCALE}
esse INSERT 1., WHERE ROW AND COLUMN FEHOVED
I=L1IM

IF {T.LE.11) GO TO 49
COLEY)=COLCT=-1)

1=t=1

GO TO 48

COL{TYimY,

GO TO 36 .

hh‘-hl—'-hl—hh-hhl—ﬁ-ﬁbhhhhhhhbhbh&hhh.—bhhbhhbhhhl-

129
130
131
132
133
134
13%
138
117
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
1485
156
157
158
159
150
141
152
163
164
16%
166
167
168
169
170
17



90T

000576
000576

c
50

FORPMAT (I!SX;!GHNON—DIH. FREQ = 1PELS.To5X,BHDETERM =2E156.ToTH * 10
1#%13)
END

4172
4173
4 174
4 175~



Lol

OﬁOOOB

onneo2-

000003
000003
000003

onnon?

nannna
onenns
oocnns
00007
oonola
000012
onnolé

000015 .

000020
000027

000031
000040

.000045
000052
000061

QCDO&E .

oonaT2 |
0Q0n7s

plelo] Aas)
go0102

acool1oe

neorosé

00114
000123
000126
000130

000122
000140

A=

SUBRQUTTNE &MATRX ({IX)

DYMENSTON Al2420y W(292)y Y(2:600)y DY12,600)
CIMENSTOIN FAL(S00)

COMMAN FALK2/ X1600),HHIAON) yMAS(600) 4NSTAL3D}
COMMIN /BLK3/ UllﬂOobOlcB(2'2.30)9UHEGA,HONBR.TENP(Zh!OioGﬂASS
ENUTVALENCE (Us¥)y (UIL1y13)40Y), tHHoEll

‘REBL MAS

FRO=OMEGA

FRE2=FRQ#*%*2

t=a-1

00 B M=1,NOMBR

Kol ¢2

L=NSTA(M) -1

00 7 I=K4L -

DX=X(T+41}~X{ T}

IF (CX.FQeDe) GO YO tlel! X

DXZ2=DX%DX

eves CALCULATE A MATRTY

ALYy ) )=t =(FRQ2*MASIT+1)*DX2)/(2.%EA(T))

ACY g2 =~ {MASCT+LI4+MASTT ) IOOX®FRO2/2,
Al241)=DX/2.% (1. /EACT+1 141, /EALT))
Al2:2)=),~MAS{Y)*FRQ2#DX2/(2.%EA(T+1]))

GO TO (5y1dy IX

sass CALCULATE MNDAL DAVA FOR EACH STATION

IF {1.GT.K) GC YOO 2

asss MOVE TEMP TO Y FOR FIAST STATION ON BEAM
Y(1,1)1=TEMP{1,P}

Y(243)=TEMP[24M]}

Wilel)=W(Z,?)=0.

WY, 2)=MASL T)FRQ2

WE2410=1./EALT)} ‘

asas MULTIPLY W X ¥ TO FINO CY FOR FIRST STlVlUN ON BEAM
CALL MATMPY (WllelDleY{1loI1DY¥(1413,2,1)

saee MULTIPLY A{T} X Y{T) TO FIND Y(I+1)

CALL MATMPY {AQLp1)sY{(1laldyY{lylel)e241)
Wil,Y)=w{2,2)=0,

Wil Zh=~MAS{T+1)2FRQ2

Wi2,1)=Y.7EALT4])

sees MULTIPLY W(T41) X Y(I+1]) TO FIND DYII+1}
CALL MATMPY (Wil Y)gY{leT+1}sDYI{1,4T410,241})

GMASS=GMASS+{1,/6, l*DX*(HAS(Il'!2.*7(2.7)‘*2*?!2;!01I"ZliﬂlSl!#l)

1#0Y(2,11%0282,%V{2,1410%%2)}

AXRXAXARARAAIAXAXARAAXXIAIAARAXRXAAXIXIAAAAAAIRIAARAIARR

T T T N T N N g O e e e et ol et )
NP RABUNN OV LEAPLUNESOID ORI ENEGOD PR W

ol
N OO @



80T

000101,

aaning
000104
con104

QonIng
soolo7
00olln
0oni13
LULARE
00011%
ooy
no0121
onnl22
000124
020127
000130
000131
00D12%
Q00152
000154
00N18%
000157
{00163
Mo163
000164
nON1LE
onoIsY
nnatTy
000172
foerT2
0001786
foo2ng
000214
000216

0on217
000217

d00217
000217

11

12

13

14

1%

C
16
17

18

1CK=0

GC YO0 7

CONTINUE

IF (1CX.EQ.Y} GC TD 13

sess TRY ANOTHER 20 ITERATIONS AVOIDING BAD SPOT IF rUSSIBLE
1CK=1

JrT=2

IF (UDET(YTT)*UDET(20).1LT.0.) GO TO 12
1I11=111-1

60 TO 11

UDETL2)}=UDETETIIT)

UDET(1)=UDET(20}

OM{2y=0M{TTT}

aM{1)=0M{20)
OM{3}=-~(0OM(L)=0M{2)}/2.+¢0M(1}

NU=3

GN T0 7

WRITE {56,16)

WEITE (6418) (OMETDZUDETIT)TnlyNU}
1ERRa}

G0 fo 8

NUCT=NUCT+]

IF (NULT.EQ.1N) GO TO 15
UDET{Y1=UDETI(NU~2)
UDET{2)=UDET{NU=1)

OM{1)=0M{NU=2)

M2 )=0M(NU=-1)
. OME2)=0ME2) *DELOMG

NU=2

GO T™D 7

WRITE {&,17)

NUaNU=-1 .

WRTITE {€£,18) {CMI{T),UDET(T ), I=1,NU)
IFRP=]

GO YO 8

FORMAT (5X435HNC CONVERGENCE AFTER 20 ITERATIONS.)

FORMAT (5X¢B0H200 FREQUENCY CHANGES WITH NO SIGN CHANGE IN THE U D
LETERMINANT. RUN TERMINATED.)

FOPMAT {/7{5X,18HNON~DIM. FREQ = OPEL6.Ty5Xy0HDETERM wE16.T7})

END

L e R R R e e e L L)
>
2



60T

000162

nool4&

o0e166
oopotT2

000176

co01T7
010270

oonz204
000210

oon2lz2

000220
nonz2s
000221
nob232
000234

[g AV X B J w

M- IO

Go To 7
ssse REPEAT VALUES FOR DUPLICATE STATIONS

D0 & TIx],2

YiT1,142)sY(IT, 1)
DY(1T414¢1)=DY{II,T)
CONTINUE

G0 Y0 7

wesse CALCULATE B8 MATRILES

IF (1.GT.XK}) GO 7O &

esss MOVE A TO 8 FOR FIRST STATYION ON BEAN
CALL MAVE (ALL1e1)¢B{ly19MD,2)

0 T0 7

wsas MULTIPLY A X By, STORE YN TEMP

CALL MATMPY {AT(151)aBULelyMIsTEMPIL91)y2+2)
TR MnVETEHP 70 8 .

CALL MOVE (TEMPU1+134801,19M)y2}

CONTINUE ‘

CORTINUE

RETURN

END

EEXAAZRARXAXNARAARRRRR

43
44
45
&6
A7
48
49
50
51

62

53
54
55
1]
5T
58
59
&0
61
62=



ott

onooLr3
000013
000013

000013
000014
000018
000017
000022

00NNz
angnas
000027
paen3az
oonNN24
ononat
anonsl
onnns3
oonos4
QONoRY,
QO00€EL
000057
oJalslox gl
onenTy
noonT2
000073

0on0Te
onnine
roo10l
0ocINg
000110
000120

[z X

O 0Y

OoOMO ™~

-4 o e W

s EaBe Y. ]

11

SURRDUTINE STMEQ (A4NyBy My DETERM,y IPTVOT o NMAXs TSCALE]

SOLUTION DF SIMULTANEOUS LINEAR EQUATIONS

"DIMENSTON IPTVOTIN) e ACNMAXoN)y BINMAX,HM)
EQUIVALENCE (TROWs JROW)s (TCOLUMyJCOLUND, (AMAX s To SHAP)

DATA R1,72/1.E1841.E~18/
INTTTALYIZATION

1SCALE=D
DETESM=2,0
DO 2 J=z14N
IPIVOTLJ)=D
DD 3T T=14N

SEARCH FOR PIVOT ELEMENT

AMAX=0,0

0N T J=1.N

IF (IPIVATEII=-1) 34742

DO & K=1¢N

TF (IPTVOTI{K)=1} 496438

IF (ARS(AMAXI-ABSTALIGRI)] 5,648
IrFOH=J

TCOLUM=K

AMAX=2{ J.X)

CONTINUE

CORTINUE

IF {AMAX) 94849

DETERM=0.0

ISCALE=O

GO TO 2?8 -
IPTYATLICALUM)»TPIVOT (ICCLUM) #1

INTERCHANGE ROWS TD PUT PIVOT ELEMENT ON DIAGONAL

1F {IRDW-~-TCOLUM) 10414410
DETEPM=-NETERM

D0 11 L=l.N

SWAP=AL TROW,L)
A{TROW,LI=ALICOLUMsL)
A(ICOLUM, L) =SWAP

ol ot el et ot ol ek mk ek ahad ad e at el al ad koo ol ool ol ol ok ol

P N P P3PS I [ 1 b gt ot et b et b et
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“TIT

onn124
ocnlz2%
noew2T
000124
il E1 0
000150

000158
000156
000161
oon1é
0N1és
C001ET
0an171
onn1T2
onp173
00oYTE
nNNz00
000201

- opo208

000206

.hoo207

000213
Qo021 %
nan1?
oongzl
oen223
oon2ze
o0n22s
oon?31
0002133
00023%
000240
000242
000244

c00246
000247
000252

12

13

14

15

16

17
18

19

20
21

22

23
24

TF (M) 1&4,14,12

DO 12 L=)M
SHWAP=B{IROW,L}

BUIRPOW, LY=B(INOLUM,L)
BITCOLUM,L)=SHAP
PIVOT=ALICOLUN, ILOLUM]

SCALE THF DETERMINANT

PIVOTI=PIVOT

TE (ABSIDETERMI=RY) 17,1%,18
DETERM=DETERM/PY
1SCALE=ISCALE+])

IF (APRS(DETERM)=RL) 204146416
DETERM=CFTERM/R]
TSCALE=TSTALE+Y

GO TO 20

IF {ABS{DFTEPM)~R2) 18B,18,20
DETEPM=aDFTERM2RAY
TSCALFE=1SCALE-]

TF (AAS{DETFOM])~R2]) 19,19,20
DETEPM=DNETEAMAR]

"ISCALE=YSTALE=]

IF (ABSEPIVOTII=A1) 2%,421,21
PIVNTI=PIVOTT/REL
TSCALF=TSCALE#)

1F (ARSIPTIYNTII=R1) 26,22,22
PIVOTI=PTVOTI/RY
ISCALE=TSCALE#?

GO TD 2¢ *

1E (ABSIPYIVOTII=-R2) 24,24,26
PIVOTI=PIVOTI*R)
ISCALF=1SCALE~]

TE (ABSI{PTIVOTT J=R2) 25,2%,26
PIVOTI=PIVOTI*RY
1SCALE=TSCALE=Y.
DETEPM=NETEQM*PIVOTT

DIVIDE PIVOT ROW BY PIVOY ELEMENT
00 28 L=1,4N

I1F {1PIVOTI(L)-1) 27,28,438
A(TCOLUMa LI=A{TCOLUM,L)/PIVOT

ol ad sl ol sl sk el el el ek e st adalkad ad adadad all st al af ol ol ok ad X o Rk ol ol ol ol od ol o o

43
a4
45
&6
&7
»8
49
50
51
52
53
54
5%
56
57
58
59
60
61
82

5%
65
66
57
68
69
To
11
12
73
T4
75
76
17
78
19
80
a1
82
83
84
85



(A9}

000260
oon2es
000264
oo02és

000276
000200
0onaon2
000210
nonatl
o00nLg

onpaz2s

000230
000321
000323
000351

.0D0356

000257

28
29
30
¢

L=
<

N

a2

23
34

35
36
37
38

CONTTNUE

TR (M} 21,31,29

00 20 L=lsM
B(ICALUM,L)=B(ICOLUM,L)/PIVOY

REQUCE NON-PIVOT RONS

DO 37 L1sl,N

IF (L1-TCOLUM} 32437522
TeA{L1, 1CNLUM)

00 24 L=1,4N

IF (TPIVOT{LI-1) 33,26,38
ATLY, L)1=ALLYLI=ATTCOLUMLI*T
CONTINUF -

IF (M) 37,37,35

DO 36 L=1,M
BILLsLI=R{LL4LI=BI(ICOLUM,L )T
CONTINUE

RETURN

END

*FOLLOWING VARIABLES FQUIVALENCED BUT NOT REFERENCED

JROMW
JCOLUM

Pyl ad ok ad ad ksl all ol ol ull all
v
]



€11

000003

onco0?

cooeos -

coCo03d
ngooas

000003
ooono3

0000032

000003
connos
naonoT
onnol?
aonn1y

coco2l-

00nn23
000020
000033
[elala [k X3
ne0N42
000045
000051
000050
n00063
000111
00n113

000121
000122
000126
ooo127

N SO N

OVEPLAY(LINK2,40)

PROGRAM PLOY

CAMMON NPLOT

INTEGER PLTZ PLTZIPR,PLTTY
INTEGER PULTMePLTZR,PLTAF PLTJG
LOGICAL TORVB

REAL MAS,MIRMIN

EQUIVALENCE (ZPMINCL)oZPPINYY, (2ZPMINC2),IPMIN2},y C(ZPNINI3),2PMINS
1)y (DZIP(Y140ZPY)y {DZPL2)4DZP2)y (DIP{X)4yDIP3I)

DIMENSTION NS{12), X(800), MAS(AH00}, Y600}, YI{&600,3)s OY{600:3),
1XP{£02),y YPILBO2), ZPMIN(2), DIP(3}, HEADER(B)

NAMEL IST /NAMY/ !NCHX.DX}XHIN,PLTI}PLTZPR'NZAPR.HPLT.P(TT,NPLT?,TH
1IN, ZPMINY ,02P), ZPMINZDIP2 2 ZPMINI4DIP3IsDYTyPLYMy NNZR o MIRMIN, DNIR, P
2LTIPPLTACPLTIGNMAEIGy A JMI Ny OAE IG

REWIND 2

REWIND &

PLYZ=PLTZPPaPLTTeoMPLT=
PLIM=PLTZR=PLTAE=sPLTJG=0

NZAPRaNDLTT=Y

NMZRaNMAE JG=]

READ (=,28) HEADER

READ {S,NAM1}

WRPITE (#,NAMY)

CALL NOTATE (0us0er & HEADFR (90,4801}
CALL CALPLY (%,4069e=2) .

CALL RECTN {241,2,TORVByNOMBR)

CALL RECTN {2;2,NOMAR,;NS ;1 sNOMBR 1)

CALL RECIN (3, ,1,NSUM) .

READ {4) (X{T)yplmi NSUM) (MASET) pTmd g NSUMY o (Y{T)yT=]lyNSUM}
XINCH=THNCOHX ’
IF (PLYMLEQ.0.AND.PLTZP.EQ.0) GO TO &

PLOT MASS OR ROLL INERTTA

IF (TORVB) 1,2

CALL NOTATE (0.31.5¢0.14,1THROLL INERTIA PLOT90.,1T}
G0 TO 3

CALL NOTATE (0<914%y0414,9HMASS PLOT49044+9)

ZEREXEZZZEIEI XXX LT T ZIEZEREIZTZEREE T T XXEERETRXEENN
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71l

0001323
goolzé
000142

0CO1ES
000162
000166
000170
neotY2
000208
oon217
onoza22
ono224

000232
ofD22e
000241
000245

000260
000246%
000271
000272
0In275
noo3l1o
oon222

00022%°

nonazy

0onazn
000324
ann22y

oen2s2
000254
000355
000370
000371
000375

3 CALL Ca‘.pLT “o'ﬁ."'a’

CALL GPID (DuyOuplarlayINCHX,&)

CALL AXES (0.30ep0eeXTINCHe XAMIN,DX31492491B8HSCALE OF Ki INCHES,y.125%

1y-18)

IF (NMIP,FQ.L} &5
& CALL ASCALE [(MASe8.4NSUMy1,20.)

MIRMIN=MAS{NSUMS])

DMZR=MAS{NSUME2)

5 CALL AXES (DapDNap90.95, g MZAININ,DMZIRs10p2491H yu128,1)

CALL LINEX (X¢MASsNOMBR, NSy XMINy DXyMZRMTIN,OMIRXP,YP)
CAtL CleLT (120’“."3'

NPLOT=NPLOT#1

1F (PLTAE.EQ.0.AND.PLTJG.EQ.0J GO TO 9

PLOT STIFFNESS COEFFYCIENTY

Ao

CALL NDTATE (DapleBy0.14420HSTIFFNESS COEF. PLOT 904420}

CALL CALPLT {(S.sD49=31}

CALL GRID (DeyQeplarlapgINCHX4)

CALL AXES 10090.90e9XTNCHeXMINsDXylap2+918HSCALE OF X, INCHESy.125

14-18)

IF (NMAFIG.FQ.1} T8
7T CAtL ASCALE leﬁ-uNSU"glvzﬂo
. AJMIN=Y(MSUM+])

DAFJG=Y(NSUM+2)
8 CALL AXFS (N.,0,490, 32y AIMINGDAEIGylapZaplH 44125,1)
CALL LINEX (XY oNOMBP NSy XMINyOXAJMINGDAEJGy XPy YP)
CALL CALPLT ‘12-'007-3’
NPLOT=NPLOT4+Y
IF (PLTZ.EG.0) GO YO 10

IETA PLOTS

Iz N e RV

CALL NOTATE (N.y1.%;.14,10HZETA PLOTS,90.,10)

CALL CRLPLY (5440493}

CALL AXES (DagO0ueyOapXINCHy XMINsDXgleos2.91BHSCALE OF Xy TNCHES,.125

1,-18}
10 DO 12 T1l=ml,3

DO 11 J=!,NSUM
11 CALL RECTN {3512, Y0J o YLU Iy 1)50Y (32110}

TF (PLTI.EQ.0} GO TO 12
CALL GRID {OepBeslapeSeINCHX,2)
CALL AXES (0aeQues90esler=les2sslar2arlH 4¢12%1)

EZIZTEIE X T L AT EEREE TR EXEEIREEEZETZEIREXEETXEIIRITXERE

42
&2
Y
&5
46
41
48
49
50
51
52
53
54
5
56
57
58
59
60
61

53
&4
6%
1.
a7
3]
59
rQ
2!
T2
T3
T4
5
76
77
T8
79
a0
a1
82
a3
84



¢IT

=

000410 CALL LINEX {XyYyNOMBR NSy XMTNgOXs=141209XPyYP) m 8s
000422 CALL CALPLT [Ca91.54-3) " 8e
000425  NPLCT=NPLOT+1 » 87
000427 12 CONTINUE : " 88
000431 IF (PLTZJ.NE.O) ‘CALL CALPLT (12.9=4.54=3) " 89
000435 1F (PLTZPR,EQ.0) GO TO 17 " 90
: B - " 91
€.  IETA PRIME PLODTS ® 92

¢ » 93

000436 CALL NOTATE (Oasleyol8y16HZETA PRIME PLOTS,50.,18} " oo
0n0842 . CALL CALPLY (5,.404¢=3) A : # 95
000645 CALL AXES (0epDapOugXINCHy XMINyDXe1ay24928HSCALE OF Xy INCHES,.125 "M 96
1,-18) : M 97

CCO660 PO 16 TTa1,3 M 98
0N0452 CALL 621D (0svDurloysSyINCHX,2) H 99
000466 IE (NZAPR.EQ.1) 13,15 M 100
000472 13 - D0 14 T=1,NSUM n 101
0n04TS 14 YO(1)=YT(T,411) M 192
079504 CALL ASCALE (YPy1.yNSUMy1420,) M 103
000510 ZOFTNETT)=YPIASUNSY) M 104
000513 DZP(TT)=YP (NSUM#2) M 105
000515 15  CALL AXES (0a90es904slegZPMINCTTI,DZPITTl 103249 1H ¢#0125,1) M 106
- 000530 CALL LINEX (XeY1U1,17)4NCHBRyNSy XMINGDX,ZPNINITTIsDZP(TT}yXPyYP) M 107
00547 CALL CALPLY (0.91.5y=3} M 108
000552 NPLOT=NPLOT+Y M 109
000554 16  CONTTNUE , M 110
000556 CALL CALPLT {12.9-8.%,-3) M 111
000560 1T IF (PLTT.EQ.N} RETURN * 112
c » 113

c TENSTION OR TORQUE PLOT M 114

¢ M 115

(LLLTS I 1F {TORVR) 18,19 M 116
0NNSK5 18 CALL NOTATE (0upleyelé,12HTORQUE PLOTS,90.912) M 117
000S71 6n T 20 M 118
000572 19  COLL NDTATE (N.41eye14917HTENSION PLOTS904¢13) M 119
200576 20 CALL CALPLT (SayDey=2) M 120
ennen TF (NPLTT.EQ.11 21,23 M 121
0NENA 21 K=aQ " 122
0n0%07 DD 22 TTu1,? n 123
000611 DN 22 Twl,NSUN " 124
0005612 K=K+l " 128
000614 YP(K)=0Y{T,11) " 126
000620 22  CONTINUE n 127




911

aong24
000627
000431
000623
000628
C00&43
0008647

0nNoes2
000s7s
nonT1Y
00071E
ocor2n
ooov22
000724
aeoT2Y
000732
000724

000736
000728

232
24

25

26

27

CALL ASCALE (YP)&.oKy1,20.)

TMIN=YP (K+1)

DTT=YP(K+2)

DO 27 T1=1,3

CIF (I1.EQ.14ORJMPLT NE.O} 24,72%

CALL GRTID (DovOuarlearleyINCHX, &)

CALL AXES (CugCapDugXINCHy XMTNyDXy1,42.418HSCALE OF Xy INCHES,.,125
1y~78)

CALL AXES (0-QOQ'90-'§o|THINQ077010'2¢ol" r«12%,1}) .
CALL LINEX (XnDY|1'TI’lNUNBRgNSQKHIN|DX|T"!N'DTT|IP|YQ'
IF {MPLT.NE.O} 28,27

CALL CALPLY {12.40.5=3})

NPLOT=NPLOTH+)

CONTYNUF

IF {MPLTL.NE.O) RETURN

CALL TALPET (124¢0.9=3}

HELOT=NPLOT+L

RETURN

:

FORMAT {8A10)
END

EZEXEXXTIXIIXIETXIITARNLRTT LN

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
154
145
146
147,
148-



LTT

Q0o0tS
onenis
00001S

00001 T

000020
onon22
000022
000024
000026
000030
000023

0000356

ponnsgn
0n0o0s 2
onNoLs
faonnsas
nonoey
oonnsl
nnonG3
000071
000072

SUBPRUTINE LTYNEX (x.Y'NDNBRiNS'x"!N'Ux'YH!N'DYQKPQ‘P'
DTMENSTON XU1)y Y1)y NS(1Ds XP(L), YPL1)
K=1

M=0

DO 2 1=1,NOMBR

N=NSIT)

L=0

M=M+N

00 1 J=K4M

L=+l

XPiLI=X(J)

Yr{Ll=v(J}

CONTINUF

XPIN+1)=XMIN

XP(N+2)=DX

YO{N+Y)aYMIN

YPIN#2)=DY

CALL LINPLT (XP,YPyNyl40y0,0,01)
Kz¥s+l

CONTINUE

RETYURN

END

ZTTEXTZEZ2ZZLILEZZ22ZIZZZ2ZTZIT2
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APPERDIX C

COMPUTER PRINTCUT OF TORSIONAL MODAL DATA

FOR NUMERICAL EXAMPLE
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611

TORSIONAL MODES OF CYLINDER-SHAFT CONFIGURATION FOR NUMERICAL EXAPPLE



PARAMETER CONTROLS = TORSICNAL MODES OF CYLIhDERﬁSHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

1

RFIG = 1,00000E+07 : " NOMODE = &

PFIR = 1.00000E-03 : NORMER = O

RFX = 1.00000E+02 " KORN = O

GMEGA SUSR = 1.00000F+03 NORDIS = ¥
DELX = 1,00000E+00

ONEGA = 5.00000E+00 : ' .

IR#0D = 1,.00000E+00 DELOMG 2.50000E+0L -

1.00000€-07

| )

JGHOD = 1.0G000E+00 ) - ONMGTOL

0z

| BOUMDARY CCKCITIONS
JOINY  MBRT NBRJ WBRK  MBRL TOJTRN IJVAN IKTRN ILTRN

1 0 1 0 0 3 0 o 0

2 1 2 0 3 3 1 ) 1

3 3 0 o o 3’ ¢ o 0

s 2 ) 0 ) 3 ¢ 0 o



SPRING AND FLEXTBILITY CONSTANTS

JOINT

W N

TeT

. MBRIY

0
1
3’.
2

MBRJ  MBRK

CoN -

[- RN~ §-]

MBRL TRNS

¢ 3,000E+00 O,
3 3.000E+0C 0.
0 3.000E«Q0 0.
0 3.000E+00 0.

TRANFIJ

TRNFIK

TRNFIL

0.
0.
0.
0.



(14}

STATION

1w
1-
o
2=
=
3~

N pad 1Y b 1S b

TABLE 1

PHYSICAL CHARACTERISTICS
FOR TORSTONAL VIBRAYIONS

TOPSTONAL MODES OF CYLINDER-SHAFT CONFIGURATIOM FOR NUMERTCAL EXAMPLE

X IR ' JG

0.000. 2, 20000604 6.200005;06
40.000 2+ 20000NE=-04% &, 200060E+06
40.0M0 2.20000E~04 6.20000E+08
120.000 2.20000E=04 6.200N0E+08
4N, 000 4. 500N0E=06 T2 L86990E+04
120,000 4.500006~-06 T.66990E¢04

CENTER OF GRAVITY X = 60,26906

TOTAL MASS = «02676
S - 1.61280E+00



TABLE 11
TORSIONAL MODES OF CYLTNDER-SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE
Ts  0.00 SEC

1 XA

MODE 1

FREQUENCY CYCLES -PER SECOND 409,141

FREQUENCY RADIANS PEP SECCND 25T0.TOT2

STATION X LETA LETA-PRIME TOPQUE TORQUE=-PRIME
-1 0.000 ~5,587T77€-02 O. Q. 8.12394€-10
1~ 2 1.000 =~5.58712E=03 1.31031F-08 8.12394F+00 8.12290E-10
1- 3 2.000 =5,58F1RE~03 2.A2032E-06 1.624A0F+01 B.12012E-10
1- 4 3,NN0 =% ,RE18RF-02 1,929T71F-06 2.42642E401 B.11%37€-10
1- & 4,000 =S5.STT29F-03 5.238)18F-08 3.24TE7ELOL 8.10870F~10
1= & 5,000 =5,571405~-03 ¢, FaRg2E-0b 4.0%815E4+01 8.10013E-10
1- 7 £.000 =5.56420F-03 T.8%112F~06 H.B4TTOE+ DY B.0894TE=-10
1- 8 T.00NN =%,555TQE-03 9,15499E=08 5.47609€+01 8,07730E-10
1- 9 B.00N -F.545890-03 1.04547E-05 6.4831¢6F+01 8.06305E=10
1- 10 9,000 -5.52478E-03 1.17°40E-05 7.28A7CF+01 B.04690F-10
1=- 11 10,000 =-5.52223F-02 1.,20F2%E-058 8.N9254F+01 B.02A86F=10
1= 12 11.0nn  -S.50A6BE-03 1.,43559€=C8 B.89442F+01 8.0DBS5F-10
1- 13 17.N00 -5.49369E~-02 1.54360E-05 F.694232€+01 T.987T15FE=10
1- 14 13.,00N  =5,4T741E-03 1.49224%=05 1.04919€+02 T.956248F-10
1- 1% 15,000 =~5,45984F-02 1.82049E~05 1.128TOE+02 T.93794E=10
1- 16 15,000 =-5,441005-03 1.940831€6-0% 1.207T9%F+02 T.91055€~10
1- 17 14,000 -%5,52C038F-03 2.0TE4TE=QY 1.28591F+02 7.88129E=10C
1= 18 17.000 =5.39948E~-D2 2.20254E-0% 1.26558F+02 +T.85019€-1D
1- 19 18,000 =%£.37483E-02 2432890E=05 1.442392€+402 T.81725E=~10
1= 20 19,000 =5.3%291F-03 2.483571£-05 1.52192€+02 T.T78247E-10
1- 21 20,000 =5,32773E=02 2.57995E=0% 1.5995TE+02 T« T4%$BTE=10
1- 22 21.000 =%.30131€-02 2,T706458E-05 1.6T68LE+D2 T.TOT45E-10
1- 23 22.000 =5,27364E=03 2.0285TE=0% 1. T53T72E+02 T46T23E=10
1= 24 23,000 =5,244TAE-03 2.95191E~0% T.62521E-10

1.82018E+02



AN

STATION

1=~
1
1=
i
=
1=
RS
A=

g

Qe
Q=
Yem
Qe
1=
i=
=
j=
P
2=
G
g
ch-
2.u
2=
-
2-—
-
2=
2=

2= 1

2~
2=
-
2=

24,000
2%5.000
26,000
27000
28000
29,000
20,050
21,000
22,000
EEPLTHY
26,000
35,000
25,004
Y000
26,900
29,000
40,000
69, 00G
&% ,010
87,000
43,000
£6,000
£5.,000
%6000
47,000
6£8..000
49,000
B0.000
g9, .000
2,000
29,000
54,000
55.000
56,000

LETA

=8 2146NFE=03
=5,18325¢-03
=%5.15067¢-03
~85+11689E-02

«%,08191¢-063"

=8, 0585VAE~03
<34 HJE30F-NI
o 9H930HE-03
b R0t E-03
5,835921¢-03
hLGATILE-03

0,805 10E-0% .

AL FUYUIE-GR
GhLTRAEHEDI
<A oAGRE5T~03
2% .67C4AE-03
A LETIBIE--03F
=B BYIRET-03
=AY 5 YE=03
@b JTBATE-03
=5, L4098%=02
SR UL ERL LD K
=S, R2040F-02
=B, FVY2BE~N3
=% QG2 TKE~-03
-&,N388%E=-02
~H.2T251E-02
=L, 45LT71F=03
~6,63529E-03
=-h.81451E=02
-5.99204E-02
=7.16792E~03
~T+34213€-03
-T.51461E£-02

TABLE 11, MCDE 1

LETA-PRIME

I OTE55E~-05
3,1 AL4TF~03
3.31744E~-08

3,43B03E=05 -

3.55T62E-05
3.6TE3TF~08
o T9REHE--0F
3,9%180F=058
boD2TINE-TY
HolG2407-03
Bo29085E-0%
Ha38932% 08
S.GRLEAE- G0
& o BYTHHE- Y
& o TP OTE-GE
5e31E30%-G3
5o,0197AF-18

1o T0395E-50

=) .93200E-04
=192 5€F-5%
=1 908 7LE=Co
=1 .B9T4 04
=1 BB564C-04
=1 BTLATE~(E
=1,B85785 04
~1.864378E~04
=1 .82929F~04
=1,81437F=04
~1,T79902E~04

=1, TBI2RE~04

=1 THTOLE~O%
=1.75046E-04
=14 73344 E~04
~1l«T1E02E-04%

- TORQUE

1.90522E402
1.98181£+02
2.05694F+02
2.13158F+02
2,205 72402
2,279156+02
2.5%708E402
2.424980402
7 .09585E402
2.58825¢£003
2.62912ue02
2.7002940N2
2. VTBGRTH02
2,046769U602
2,9149NT 202
22983428002
9,G20236002
] 5 265 226003
«3a19844E002
~1a19127E+03
=1, 1R402E403
>Le17526E+03
=1,16849FsC2
~1.16731E+03
-1.15184E203
“1.1431FF¢03
=1.13416E403
-1,12491E+03
-1.11539E+03
=1.10561E+02
~1.09558E403
~1.08528E403
~1,07472E403
-1.08392E+03

TORSIONAL MODES OF CYULTINDER-SMAFT CONFIGURATION FOR NUMERTCAL EXAMPLE
TORQUE-PRIME

T+58139E~-10
T.53580F~10
T.aB884EE-10
T«43934E+10
T«3B840F~-10
T+33580E=120
T 28153630
Te223850-10
T b6 189510
Tol084GF-313
Vo U4T8GD--10
G- 90548F-10
PR B Rt
3. G30308--10
o TRATEE--10
G TATEEIC-1D
500550865 -10
6. GA030E-10
8. 9¢07CF--10
F.21892E~-10
T.4B744F~-10
T. 76421610
8.03%16€-10
8.31222€-10
8.5082334E-10
8, B5244E~-10
9.11947F~10
9.38435E-10
9. 64T04E=10
9.90T456E-10
1.01650E~09
1. 04213E-09
1.06746E=09
1.092%3E~-09



L

A

STATION

P
2-
z—
2-
2=
2~

. 2=
2=
z-
2~
z—
2
2~
o
2~
I
2.
2-
2—
T

2=,

D
2~
D=
2—
Fid
2=
2=
2=
2=
z-
p.L)
2=
2=

18

19
20
21
22
23
24
2%
26
27
28
29
3n
11
32
13
2
15
36
37
28
39
40
41
42
41
&4
X
66
41
48
49
50
51

£T.000
58,000
£9,00nN
60,000
£1.001
£2.0N0
£2.0N0
6,000
¢5.070
£A,000
£T.000
69.070
£9.000
T0.000
T1.000
72.000
13.000
T4.000
TE.N00
74,000
TT.000
78,000
719.000
8Q,.nC0
Bl.000
B2.00n
g2, 000
B4 .,NND
85,000
B4 ,NON
87.00¢C
88.000
89.009
90.0N0

L2ETA

~T.468533E£-03
~T7.854625€~-03
-8,Mn2122E-03
-B,18652E-02
~B,249B0F-03
-8.51112¢-02
-B.6TC44E-03

=B.827T3E-0

-8,98255F-03

~9,13£06E-03 .

=9, 28TN3E~03
-9.43542F-012
~9.58260E-02
-9,72¢T3F-03
-9,86878E-03
-1.0008%E~02
-1.01459F-02
=-1,078098~-02
~1.04135€-02
=1,05427£=02
~1.04T14E-02
=1 .0TGERE=NZ
=1.N19192E-02
~1.,1N392E-02
~1,11588E-D2
=1.1271TE=N2
«1.13929E-02
=1.14693%F=N2
=1.14"07€-02
=1.1704%€~02
=1.18059£-02
~1.,190446€-02
-1,20004€=02

=1+20934E=02

TABLE 11, MODE 1

TORSIONAL MODES OF CYtINDER-SHlFT'CONF!GORATION FOR NUMERICAL EXAMPLE

LETA~-PRIME

-1.49820E-04
-1 .6TS98E-04
“1.£513RE~04
=1 .%F423AE=0k
T=1.€2297E-04%
‘=l.460320E-08
~1.58205€6-04
-1,55252E-04
~1.54165C~04
-1.52041€-04
-1.569880%-04&
-1, 4T£85E-04
 =1.454556-04
~1.43191E-0#8
-1.4NB92F-04
=1,38562€=04
-1.3%199E~04
=1,32004F=00
=1.31278E-4
~1.28920F~04
~1.25433E-04
=1.23915E=04
”1.2‘359E-°4
=1,18794E=04
-1,1A192E-04
=1.13542€~04
=1 ANGQEE=Dh
=1.78223F-08
=1.03516E-04&
=1,02782E~C4
~1.,00026E-04
=9, T2457€=0%
~9.5442TE-05
“9.151 T4E-05

TORQUE

-1,0%2B0E+03
«1.,041%9E+03
-1.03708€4+03
=-=1.01B82¢LE+403
=1.00624F+03
-G ,93382E+ 02
~9,.0814C2E+02
=9,68TT1E+02
-9,58823E+02
-9,.42651E+02
-9,292F0E+02
=-9,1564TE+02
-9,01821E+02
=8,87TTE3E+02
-8, TIRA8E+02
=8.5908TE+D2
=B Ak524E402
~R.2958EE+02
~B.1484YE+02
=T.993N6E+N2
-T.B?BB!E+CZ
=T,LB2TEE4 D2
=T7.26526F+02
=T7.2N39CE+D2
-T.04N8%F+02
~5.B87514E+02
~6,70983E+N2?
=6 SAV\GLE+D2
-5, 3T72%2€+02
-6,20160€402
-6.02923E+02
=B ,B5545E+02
=%5.58029E+02

TORQUE~PRIME

1.11T725€E~-09
1.14191E-09
1.15620E-09
1.19022E-09
1.21296E-09
1.23741F-09
1.26C58E-09
1.28344E=-09
1.30601E-09
1.328276~09
1.35022€6-09
1.3718%€~09
1.39216€-09
1.414156=09
1.434B0E-09
1.455126=-09
1.47509E-09
1.49472E-09
1.51400E-09
1.532926~-N9
1.55148E=-09
1.54968F-09
1.58T<2E-09
1.60498E-09
1.£2204E-09
1.528T76E=-09
1265508E~-09
1.67101%~-09
1.6E455E-09
1.70169E-09
1. T1643E~-09
1. T3078E-09
1. T44 T E=09
1.75824E~-09



TABLE 11, MODE 1
TORSTONAL MODES OF CYLINDER~SHAFT CONFIGURATION FOR NUMERICAL. EXAMPLE

ETA N

STATION X *LETA LETA=PRINME . TORQUE | TORQUE-PRIME
2= 52 S1.070 =1.21B24F=02 =B,0T7T7T10F=N5 =%,5038CE+02 1.7T7135€-09
2= 5% §2.000 «1,22T10E-02 =—-B8.59026E-05 -5.32A02E+02 1.7840FE~-09
2= 54 93,000 ~1.735%4F-02 -8.30140E=-2% =5,14499E+402 1.79633£-09
2~ =% 94,000 =2,283T0F=02 «8,0109NE~0F r&4, 9RATLE+Q2 1.80419t-09
2~ 56 g .NNN =1,28157E=-02 -~T7.T1831E=05 =4,TBR2FE+Q2 1.81962E-09
- 57 SH.N00 =1,25914E~02 «T,42292E~05 ~4.502B3F+02 1.83062E~09
2- 58 g1.000 =1,268641FE~-02 =T,12779F-0% -~4.41922E+02 1.84121F-09
2- %9 98.000 =1.273239E~02 <=6.,82998E-05 -4,23455E+02 1.8512¢&E=09
2= &0 99,000 «1.2800T7€~02 =6.930576=-05 —64.06896E¢02 1.86107E~-09
2- &1 100,000 ~1.2864%8-02 ~6,22964F=~03 =3,.8622TE+02 1.87035E=09
2= 62 101,000 =1,29253F-02 ~%,92724%-0% ~-3.6T7489F+02 1.B7919€-09
2= B3 102,000 «1.29831F=02 ~R,42265E~09 «=3,485%4E+02 1.88758F=09
2= &4 103,000 =1,3027BE-02 -R,21034E-05 ~3,29737E+02 1,895%4F-09
2- &5 102,900 =1,3029%F=02 +-5,01198F=05 =3,10T42E+02 1.90305F-09
2- €6 105,000 =-1.31389€-02 =4.T7D445F-05 ~2,916T7&F+02 1.91011€-09
2= &7 106.000 =1,3183%E=02 =4,39%082E=(05 =2,72561F+Q2 1.9167T23F~09
2~ 68 107,000 =1,322560F-02 =4.08RL15F=0% «2,%2342F+02 1.92289E~09%
2= %9 10A.000 =1,326%37E=02 =3,775F1E=09 =2,24087E+02 1.92861F=09
2= T0 102,000 =1,3201%F=-02 =3,5A5602F-05 <=2,14T7¢SE+02 1.97287€-09
2= M 110,000 =1,233245F=02 ~=3,151TCE=NS =1,9540¢0+02 1.92868F~09
2- T2 111,000 ~1,.3764%E-N2 =2,.B1B44E-05 =1,T759GFF+02 1.942N4E-09
2= 73 112,000 =1.33913F=02 =7 ,526Q728=05 =1,5A5465F+02 1.94692F~09
2- 74 112,000 =1.76150E-02 =2.210460E-05% ~1.37757E+Q2 1.95038E-09
2= 75 114,000 =1 ,343€5E=02 =1.89576E=-05 -1.,179237E+(2 1.9533¢E-"9
2- T4 115,000 ~1,24529E-02 -)1.S80A8E-08 «9.75899F+01 1.9%589E~Q9
2= 17 117,000 =1.34871E-02 ~1.26483F=05 =T.8619%F+01 1,95796E-09
?2- 78 117.000 =1,74787E~02 =9,49882E-06 -5,88307E+M 1.95957F=09
= 19 118,700 =1, 240861E-07 -6,32T12E-N6 -3.92281E+01 1.96072E-09
2- 80 119,000 =1.,245909E-02 =3,16293E-086 =1.96164E+01 1.96161F-09
2- M 127,000 =1.24925E-02 =2.00118E-20 -1.2407%€E-13 1,961 64E-D9
2- 1 40.N00 ~4.5T18LE-02 1.96906E-02 1.5102%5€+03 1.35958E~]11
- 2 41.000 1.5119T7€E-1)2 1.9488%E-02 1.51009€+03 -4.49563%€-11
2= 1 42,0n0 2.48053E-02 1.95789F-02 1.50935E+03 =1,0350%E=10
3= 4 43.000 Eu44TI4E~02 1.96616E=-02  1.50802E¢03 ~1,62007E-10



Lzt

STATION

e I
A=
-
A=
3.
T
2w
2-
2

I

-
T
A=
-
e
T
B
Aa
a-
N
3.
e
Ju
-
A
a-
e
=
2.
-
B
A
=

=

O~ ;N

10
11

13
14
15
16
17
1R
1s
2%
21
22
23
24
25
26
27
28
29
0
2
32

33

34
35
kL
37
EL)

84,000
45.N00
56,000
47.000
48.000
49.000
S0.000
51.000
£2.0100
82,000
6,000
5%.000
£4,.000
&7.0nn
S8.000
¥G.n0Nn
&£N.N00
£1.N00
£2.,000
£2.009
£4.,000
£3,0NN
66,000
67.000
58,000
69,000
T0.000
T1.000
T2.000
72.000
74,000
15,000
78,000
T1.000

ZETA

T.41288E-n2
9, 3TEQYE-Q2
1.13237F-01
1,22879E-01
1.52369F-01
1.7T1800F~01
1.91165E-01
2.10456F~0]
24296€5E~-01
2.487B"FE~01
2.6TBOBE-0OY
2.86728F=01

T 3L08R3F-M

3.24276F=01
3.,42790E-01
3.41222€6-01
2,79517F-01
2.9765TE~N]
L 1FE4TE-0
4,336T8E-01
4,51135E-01
4,6B522E-01
4.859256€-01
5.02041F-01
5.19962F=01
C.36581F-0
54527192E~0Y
Fe69488F-01
5.85583F=D1
6.01412E-01
&4 LTO2TE=OQL
6.32403F-01
6,4T%33¢F=01
6.626413E~0]

TABLE 11, MODE 1

TORSIONAL MODES OF CYLINDER-SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

ZETA~PRIME

1.9438¢6E-02

1.96041E-02
1.59%639€-02
1.93162E=02
1.945409€-02
~ 1.93780€E~02
1.93277e-02
1.9249RE=02
1.91645F~02
1.90717TE-02
1.897Y%E-02

1.88£4E=02

1.87492F-02
1.86271F=02
1.849786-02
1.83¢13E-02
1,821 TTE-02
1.8967C0E=-02
1.79093F~02
1.T7447TE-02
1l.75T22E~02
l.7319687~-02
1.72098%«02
1.71180€-02
1.68197E=02
1.54148E-02
1.65035FE=02
l.A185%8E-02
1.59619€E~02
1.5721BE-02
1+54955E=02
1.%52%328-02
1.570%1E-02

1.47511E-02

YORQUE

1.50411F+03
1.50361E+03
1.50053€03
1.49687E403
1.45262E402
1.487B1E+03
1.48241€402
1.47644E403
1.44990E+03
1.46278E+03
1.45%10E+02
1.66685E402
1.42806E403
1.42868E+02
1.L187£E402

" 1.4NB29E4N3

1.39728F+03
1.28972E+03
1.27362F+02
1.34100E+03
1.36TBLE+0Q2
1.224)1TE+J3
1.3199TE+02
1.3052T7E+02
1+.29005F+02
1.27424E+02
1.29812E+03
l.24144E+02
1.22426FE+02
1.206£1F+0)
1.18849E+02
1.1£991E+03
1.1%2868E+03
1.12140E+03

TORQUE=PRIME

-2.20846F~10
=2.78800E-10
=3.3TC45E~10
=3.951608~10
-4,53121€-10
~5.10907E=10
-5.68594E~10
=t,25862E=10
‘6.829865_10
=T.39844E=10
=T.94419E=-10
=8.52682E~-10
~9.,08614%E-10
-9,6619TE-10
-1.01940F-09
~1,07422¢F-09
=1.12861F-09
=1.182%TE-09
=1,23607E=09
-1.28909E-09
=1.341£1E=09
=-1.39361E~09
=1.4450TE~09
~1.49597€-09
=1.F48628E-09
~1.59¢90F-09
=1.645Y0E=09
=1.,69257E-09
=1, T412TE~(Q9
=1.788%0E-(Q9
=1.82494FE=09
«~1.8808TE~09
=1.%2K46E-09
=1,96991E-09
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STAYION

A=
A=
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=
-
e
T
2.
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A
3—
3—
Y=
Bma
B
Qo
2
Am
3-
T
. 2
kT
A
kT
A
T
T
T
e
"2
2=
R
.

39
&0

42

43
44
&5
46
a7
48
49
50
51
52
=3
54

3.}
57
58
£9
&0
61
62
63
64
A%
L
&7
48
49
TO
n
T2

78.070
79.000
87,000
81.000
82.000
83.000
g6 ..00N
85 .N00
86,000
87,000
88,000
89,000
90,090
91.000
92,700
93.0n0
94.000
Q5,000
96,000
97,000
95.009
99.000

190,000

101.000

102.0090

102.900

106,000

105,000

106,000

107.n00

108.000

1€9.000

110,000

111.000

IETA

6. TTN24F=01
£.917656F-01
TaN54BBE=-N1
T.192307F-00
T.32846F-01
T.44102€6~01
T.50C68E-01
T« TLT40E-DL
T.861126-01
T.9¢181F=01
8.07340€-01
8.19387F=01
8,30%149F-01
8,41227€=01
8,.,51802¢-01
8.46197*E=-01
8.71TE9E~01
8.81288E=-01
B.90383¢-01
8,991745=01
9,07616F-01
9.15T05F=01
9.23&641E-01
9,3NA18F=-N1
9.37834E-01
9,444B8T7E-01
9.507713F-01
9.56691F-01
9.62238€E=01
G.6T411E-01
9. T2209E-01
9., T&621E-01
9.806T3E-01
9.084336E-01

TABLE 11y MODE 1

TORSIONAL MODES OF CYLINDER-SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

ZETA=~PRIME

1,24914F-N2

1.62261E~02,

1.395%3€-02

1.36T91F-02

1.339756-02
1.21108E-02
1.28189€-02
1.25221€-02
1.22205€-02
1.19141E=~D2
1.14021€-02
1.12874E-02
1.096776=-02
1.06435€=02
1.031€3E-02
9.93301€~03
9.64687E-03
9.30699F=03
8.96750E-03
B.&16F6F-03
8.25623E-02
*7,91272E~03
T.55614E=02
7T.19463E=03
6.83423E-02
£.66916F-03
6.171926~03
5.73209E-03
8 ,2500%E~03
4.98592E-03
4.4N0BEE~03
4.23201E-03
3,8%252E-02
3,47154E-03

TORQUE

1.11148E+012
1.09112E+032
1.0702¢6E+03
1.06917E+03
1.0275E6E+03
1.00858E+03
9.83200E+02
9.60424E+02
G.2T299E+02
G.13799E+02
95.B89945E+02
B.65THEE+D2
B.4121F+02
B8.16249E+07
T«91171E+0D2
T 6%56BTE+02
T.3990FE+N2
7.13827F+Q2
6.876492F+02
5.60880F+02
6.26012E402
6. C5B8GHE+N2
% T954BF+02
5.51974F+02
Re256186F402
£ ,G619%E+N2
4,£8011E4+02
§,395&6E+02
4,11110E+02
3.02415E402
3,53572F+02
3, 24591E+02
2.95465E+02
2. 66264E402

TORQUE-PRIME

~2.01340E-09
~2.05610E~09
-2.09801E-09
«2.13910E=09
-2,17937E-09
~2.21879€=09
-2.25735€-09
~2.29503€~09
-2.33182€~09
=2,367T16-09
~2.40269E~09
=2.83673€~09
-2.46982E~09
=2,50196E=09
-2.53312E-09
~2.56331F=09
-2.89250E~09
~2.62069F=09
-2.£47B6E-09
=2, 6T400E-09
~2,69910£=09
-2,72316E-09
~2.74617E~09
-2.76811E-09
-2.7BR9TE~09
-2.80875E-09
~2.82745€-09
-2.84505F-09
~2.86154E=09
-2.87693€=09
=2,89120E-09
~2.90634E-09
~2.91637E=09
-2.92726E-09



STYATTION

Qe
.
-
-
2~
A
.t
3m

T

73
%
75

% .

77
K-
19
a0
81

112.000
117.000
116,000
11F,000
116.000
11r.0n0
118.000
119.000
120,900

LETA

9.8T&61TE-D]
9.90514F=01
9.93028E-01
9.95157F= 01
9.96899F-01
9.90258E=01
F.9922%5E-01
9.99806E~01
1.0000QE+00

“' TOTAL NO. STATIONS = 203

TABLE 11, MODE 1

ZETA-FRIME

3,08922€-03
2.70569E=03

2.32111E-03"

1.93%5848=01
1.54941E~02
1.142%88=03
T T5307TE-04
3.87729E~0A

.=1+29413E-17

TORQUE

2.36940E+02
2075247402
1.78027F+02
1.58481E4+02
1.18838E+02
B8.91591E+01
R.945652E401
2+97384E+0]
=9.92588E-13

TORSIONAL HODES OF CYLINDER-SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE
TDROUE-PRIME

=2.93T01E-09
=2.94562E=-09%
=2.95311€6-09
~Z.95944E=09
-2+96462E-09
=~2.96865E=09
~2.971%53E~09
=2,973246E=~09
~2.97T204E~-09



TABLE 11
TORSTONAL MODES OF CYLINDER-SHAET CONFIGURATION FOR NUMERTCAL EXAMPLE

Toa 0.00 SEC
HODE 2
FRECUENCY CYCLFS PER SECCNO 599,821
FREQUENCY RADTAMS PER SECOND  4397.1087
§§ STATION X 1ETA ZETA~PRINE TORQUE" TORQUE-PRIME
1- 1 0.010  1.0502C0E+30 0. 0o -&,25340E~07
i=- 2 1.000 9.99851F=01 =B .BANKEE=04 «k 2F350F+03 -4,.25214E-07
1- 3 2.000  9.98A2BE-0Y «1,BT]RAE-03 =B,%0&42BE¢03 -—4&4.24T7T6E-07
1=- 4 2,000 9.956014FaN] «=2,05631F=03 ~1,2749]1F+04 =-&,7504T7F-07
1- S 4,000 9. 94R18E-nNl =2,7395RE~N3 <=1.509B8%2F+0&6 -4.23027F-07
1~ & S.0NN §,91428EmN]  =3,42092E=03 ~2.1209T7EeN4 ~4,21T717E-O7
1- 7 o000 9LATATAE-N] ~4,09993E-0N3 -2,%41G9EF+06 =4,20117E6-07
1« 8 T.N00 9.83215€=n1 =&, TT&1IE-02 ~2.945120E+04 =4,.1R229E-07
1~ 9 8,700  9,78122F-0V -5,45004F~03 =2,3T841E+04 =&,15054E~07
1= 11 9,000  9.72327E-01 «6.11824F=N3 =3,79331E+04 <=4,12%93F-07
1~ 11 10,000  9.55885€~01 ~6,78323E~02 <4,205ACE4+04 —4#.)10849E-07
1= 12 11,110  Q.ZATTIF=-N1 ~T.,&4356FE-03 ~4.61501E+N4 —&,07823E-0F
1~ 13 12.000  9,5N998E~0) =B.N9BTFE-02 =5.0212°E+04 ~4,.0451TE-07
1= 14 13,000 9,42873E=01 =B.T74B45F-01 =5.42404F¢N4 =4,00933E~-07
1- 1% 16,000 9,23801E=01 =0.39212E=03 ~5.82311F+04 =3,97074E-07
1- 16 1,800 G 237B9E~N1 =1,.N0292F-02 ~45,21819F+04 —3,92943E-07
1- 17 16,000 9,13443F~01 «~1,08F9T7E~02 ~4.50900E+058 =3,3R542E-07
1- 18 17.700  9.024T0E~-01 =1.,12827E-02 ~6.99528E+04 -3.83875E-07
1- 19 18,000 B8.908T78E=01 <=1.189B0F~02 =T, 3T76T7SE+0&4 =3,T78944E=07
1~ 20 15,000  B.788T4E-N1 ~1,.25091E-02 -T.T531£E+04 «3,73T7%3E~07
1~ 2% 20.000 B.56584TE«0] =1.3103&E=02 =8,12426E4¢04 =2,5830%E=07
1~ 22 21.000 8.5265TE=01 ~=1,36932E~02 =8.4097BE+04 <—=3,628605£-07
1~ 23 22,000 B.384B1E=01 =1.42733E=02 =5.8494TE+04 =~3.56456E~07
1- 24 23,000 8.22920F-01 =1.4843TE«02 ~9.20309E+04 -3,50463E-07



Tt
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1-' 2%
1=
1=
1=
1-
1= 1
1=
1-
1-
1—
1-
1=
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1-
1=
1-
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2=
2~
2=
2=
2=
2=
o
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F N NSRRI RN R R ENES § X
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-

-y
NP OUO NN

.
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24 .000
25.000
24,000
27.070
28,000
29.000
30,900
21,000
22.000
27,009
34,000
2T L,000

26,070

37.000
28.0N0
39.910
40,000
40.000
%1.000
42,200
43,000
44,000
45.000
46,000
&7.000
43,010
49,000
30,000
51.000
£2.000
£52.000
84,000
55.000
56.000

ZETA

B.0DAT794F-N]

© T+93113E=N1

T.T#8875=-01
T.60128€-n1
T.2R058E-01
T.067TT1E-0),
5.8T7998F-N}
G, .BTS4E-01
&£.490FNE-D]
£,.28902¢-01
6408221 E-N1
F.87324F-0)
5.65923E-01
S.44134F-01
5.21971E-01
£.,99451F-01
4.99451E-0]
4,76687F-01
4,52R96E~01
4.30164F=-01
4.N64L5TF=01
3,825218=-01
2.582828-01
3,22798€6=01
3.09C84E-01
2.84158F=01
2.59028£-01
2.33739E-01
2.N82BlE-01
1.B2879E=01
1.56952E=-01
1.311176=01
1.05192E-0%

TABLE 11, MODE 2°

TORSIONAL MODES QF CYLINDER-SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

ZETA~PRIME

-1.%4029€-02
=-1.,59525€-02
~1,66921E-02
=1.7TM9RE-N2
-1.75351€E=-02
-1.87287E-02
=1.85700E=-02
~1.90N85F-02
~1.94T4NE~D2
=1.992561£-02
~2.03646E~02
~2.07891E-02
-2.11993E-02
-2.15950€E=02
=2.197%8E-02
~2.23616%-02
=2.269208=02
-2.25924E-02
=2.29273€E-02
=2.324445-02
=2.35497E=02
-2.392A67€-02
=-2.41074F=02
~2.42616E-02
=2 ,459906~02
~2,6B819LE-02
~2.50232E-02
-2.5209%E-02
=-2.%1784E=02
=2.5R3026-02
=2.50644F=~02
~2.%TRO%E-02
=2.587T97TE~-02
-2.59460BE-02

TORQUE

=3.550LCF+04%
-9.8511%E+0%
-1.02251E+0%

=1.08718E+0%
=1.1184CE+N5
-1.14886C+408%
-1.17852E+05
=1.,2073GE+05
~1.22542E+05%
~1.262&1F+05
-1.28892E+05
~1.2143EE+05
=1.,23B89E+Q5
-1.36250F+08
-1.3B%1BE+ QS
=1.60591€+05
~1.40272€40%
=1.42149F+05
~1.64128E+0%
«=1.45£008E+05
-1.4778BE+05
=1.4946LE+05
~1.51042E405
=1.52514E40°5
-1.53802E+05
=1 ,55145E405
=1, FLI99E+05
«l,STALTE+D5
~1,5A287E+Q5
=1.59119€+058
~1.99842E+0%
-1.60454%8408%
~1.6095TE+0OS

TORQUE-PRIME

-2,44029E-07
=3.,37258€=-07
=3, 3045TE-07
-2.23328E-07
«3,1597BF~0T
-3.08811E~07
-3,00622¢8-07
~2.9264TE-07
~2.844615-07
-2.76080E-07
-2.67510F-07
=~2.58755€E-07
-2.49R24E-07
~2.40T21E-07
-2.314%53F-07
-2.22026E-07
=2.12445E=07
~2.12446E-07
-2.02754E=07
=-1.92942E-07
=1.08298T€=07
-1.,72908€-07
«).62T09E=-D7
-1.52299¢-07
=1.41984E=07
=1.314T72E=-07
=1,20870E~0Q7
=1.10184E-07
=9.94234F~08
-8.8%942E-08
=T.77043E-08
-B.,6T611E-08
-5.5TT20€=08
=& 4 THALE-DB



TABLE 11, MODE 2
TORSIONAL MODES OF CYLINDER-SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE"

ET

STATION X IETA IETA~PRINME TORQUE TORQUE~PR I KE
2~ 18 %7.000 T.9195%F-02 =2.60241€E-02 =1.,£1349E+0% ~2,768L6F-08
2= 19 58.,0C0 S5.31443E=02 =2.60695F=02 =1,618631E+05 =2,2A0%4E~08
2~ 20 59.000 2.TOSESF-02 =2.809T0E~02 +1.61801E+0% -1.1508EE-08
2= 21 £0.000 9.50263F~08 =2,61086E=02 =1.61841E+N5 =&.04204F=19
2- 22 51,000 =—2.51567E~-N2 ~2.60983E-02 <]1,.41810E+NS 1.07T0046E=-08
2= 23 62,000 =5,12466F=02 =~2.67721€=N2 =1.£1647E¢0F 2.17987E~0B
2= 24 62,000 =T7,7I009E=02 ~2.R02B8NE~02 ~1,A13TAE+QN 1,288C7F-08
2= 28 66,000 =1.N3IN2E~P] - =2,53660E=N2 =1.60989E+0% 4,.3940TE-08
2~ 26 85,900 -1.29223E~01 ~2,58867F=02 «).&040FE+DY £.4970%E=-08
2= 27 £6,000 =1 SRCTISE=NT =2.%5TBBTE-02 =1.59890E+0% 6.59627F~Q8
2- 28 47,000 =1,80810E-01 =2.58T2FF-02 ~1,59176E+0F T.69095€~-08
= 29 AR, NAND =2 NE42Z2E=N1  «2,.55408F=02 ~1.583F2E+N5 8,7803¢E~0H
2= 2 £,N0N  +2,31892F-01 =2.53902E-02 ~1.T619F€+05 9,86374F-08
2= 21 TRNNA =2,5T202F-P1  =2,52220F=02 =1.%63T9E+08 1.09404E=-07
2- 32 71,000 -2,82237E-01 =2,%0373E-N2 -1.55221€+09 1.20095€=-07
2= 23 T2.000 =1,AT2TTE=N1 =2,48250E-07 =1,579T7E+C3 1.33703E~-07
2= 34 TA.00A =2 32N0TE~01 =2.65157E-02 ~1,52017F+05 1.41222F-07
2- 35 16,000 =-3,56F09F~01 ~2.4379FE-02 ~1.51152E+05 1.51644F-0T7
2= 36 T5.000 =3,80TE€5E~0] =2.412£5F=02 =1,45587F+0F 1.61962FE=07
2= 37 Th.O00 =6,04T7628=01 =2,28570E-02 ~1.4T7314€+0° 1.T2169€E-07
2- 38 77,000 ~4.2R8480F=01 =2,35T712F~02 =1.46141E4+05 1.87258E~07
2- 39 TR.ANO  =&,51904E-01 ~2.22691F=-02 ~1.442&BE40% 1.92222E-07
2= AD 79.000 =§,75018F~01 =2.29511F=02 «1,427297E+0% 2.02N%4F=07
2- 4} 80.000 <=46.9780RE-N1 —2.251735-02 =1.60227F+05 2.11T4TE~-0T
2= 42 B1.000 =~S5.20252E=nN1 =2,22680E~-02 =1,38%62E+40% 2,21295€-07
2~ 63 B2.000 =F 42242E-01 -2.190235E-02 «=1,3%002F+0% 2.20691E-07
2= 44 82,000 =S,6ANANE-0]1 -2,15229E=02 =1,22448F+05 2439928F=07
2- 45 84,000 «F, A5290F-N] =2,1129FE=02 =1,21002E+05 2.69002€-07
2= 4& 85,000 =5.06219E-0)1 =2.07204E-02 =1,2B846BE+08 2.5T904E-07
2~ 47 85.000 =6.76821E=01 =2,029TLE=02 =1.25845E+05 2.86K29E=07
2- 48 87,000 —6,48904E-01 =1.986N6E-02 =1,23125€+0% ° 2.75171E-07
2= 49 BA.000 =6.66559E=01 =1,94099E=02 «1.20341E+0% 2+831525€=07
2~ 50 89.000 =6.85T34E=01 ~1.B89460E-02 ~1.1T74465E+05 2.91584€E-07
2= %51 90,000 =T.04445E=01 <~1.84690E-02 -1.14508E+05 2.99642E-07
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2~
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z-
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2~
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i P
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A=

91.000
92.000
92,050
94,000
9%,000
9F LOON
$7.900
98,000
99,000
ALLIGLY!
101,000
102,099
103,000
104,000
10=,000
108,000
1r7,900
108.000
179,000
119,000
111.000
112,000
112,000
114,000

115,000

116.000
117.000
118,000
112,000
12n.000
40,000
41,000
42.000
43,000

ZETA

-7.226T72E-01
=74 0604E-01
=T.5TE27£=01
~7.T4330E-01
~T.90503E-01
=BaNH133E~NY
-A.21209¢-01
~8,38727F-01
~B,49542F=0Y
~3.63C19F~-01
=R, I5783F=01
-8,8794TF-01
=A.,99501F=01
-9,10L28E=-0).
=0.2N750F=01
~9,70431F-01
=9.,79471¢-01
-g,478TNE-01
-9,556176-01
=-0,42T09E-01
=9, £3139E-01.
=9, T45NRE-NY
-9,80002E~01
-9.846 ZbF-Ol
-9.B8175E=01
«9.9124%E~01
-90,93834F=-01
-9.95244E-01
~9.9¢3T0F=0]
-9.96712E-M
4.99451F-01
4.91111F-01
4.82214£-01
4.72TT0E-01

TABLE II, MODE 2

IETA-PRIME

~1.T9794E~02
=1 .74T7745=02
~1.69634€-02
=1.642T78E=N2
=1.59210E-02
=1.,53532E~-02
~1.87969E-02
~1.42248E-02
-1:34601E-02
~1.23240%5-02
=1.24L40E-02
-1.1B588E~02

=1.12656E=02

=1.N624£E=-02
=9.996715E=N1
-9.24122F-02
-8.71968F=N3
-B.NT21%5€-03
~7.4190BF-03
-6,750925=03
-4.N9812E~-03

Twf,67114E-03

-6, 7H042F-0%
wh  (BELSE~NY
=-3.,4098TE~03
~2.T30%4E~-C2
—~2.04955E=03
=1.36T715€E=02
=6.83809E=04
3,066146E-16
=B.NS622E-03
~8.,51821E-03
-9.17053€E-03
=9.T71234E-03

TORQUE

-1.11472€E+05
=1.08360E+40%
=1.05177E+05
=1,019YFE+NS
~9,B583FCF+04
=9.51897E+04
-9.,17281E+04
«~B,8272RE+C2
-08.46184E404
-B.09752F+ 04
=T.T2TEEE+O4
~T+3524RE+04
~&.ST226E404
-h.SET2HE+DS
=&, 1GTTHE+NS
«~F.BN3I94E404
-5 ,40620E+04
-%.00472E4+ 04
-4 .,5%981E+04%
=4 101 T7E+04
=3.7808E+0h
=3.36TICELDH
~Z.9F14L E4+ D&
~2.8236ME+04
~2,11392E+04
-1.69294E404
«1.27TNT2E+04
~8.4T6I2E+03
=4 22961E4+D3

1.88728E~C9
=6.1TFY1E+D2
—6.610V6E+02
~T-03370E+02
=T 4492TE+02

TORSTONAL ﬂDDEs OF CYLINDER=SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

TORQUE-PPIME

A,07T29&E~-O7
3.14930E=0T
J.22254E-0T
3,29389€-07
3,.34248E-07
3,4289TE-07
3.469210F~-07
B.55482E~-07
I,E1412E~07
3.6TCO4E-07
2. T2523E=07
A,7769TE~07
3.82612€-07
AL.BT2ALE~DT
2,91450F=-07
32,55TR8F=-07
3.99614FE-07
4,03186FE~-07
4,00681F-07
%4,09498F=07
4,12232E-07
4, 14886F-0T
& ,16854E-07
4. 18T35€E-07
4,20%30E=07
4. 21636E-07
4.22653F=07
§4,23380E-07
4§,238Y8E~07
4,22942E-07
=4, 3454 9E~-09
-4,27293E=-09
~4,195%53F=09
-4,11336E=-09



el

STATICN

DD~ A

10
11

1?
14
1%
14
17
18
19
20
21
22
23
2&
25
26
27
28
29
30
n
32
23
L
28
36
37
28

44,000
45.000
46,000
&7,000
48,1000
49,000
£0,.000
£1.000
£2.0CH
ga,noen
4,000
s=.000
®&.N00
57.0C00
®R,0C0
59,000
&£0.,700
61.700
dz.000
£2,000
Al ANDN
A5 .00N
k5, N0
57.000
£8.100
£9,000
T0.000
T.000
F2.000
72,000
T4, 000
75.000
16,000
T7.0%0

ZETA

4,62790F~0%
& ,%22R4E-0)
&.61265€-01
4,2974LF-01
4,177298=01
4,0%2878=01
3.92715E-01
3.7893CF=0C1
2,4F114E-01
1,51883F-N1
A,35255F-0L
2,21245F-01
2.N=870F-01
2.90148E-01
2.74097F=01
2.9113I5E-01
2,41CH1F=01
2,.%4152E-M
2.0597T0E=01
1,895 2F-01

1.T1921E=N1

1.54053F-01
1.25051E-NL
1.17934F-01
9,96439F-02
8.124073F=02
6.2T44FE-D2
4. 41771%E=02
?.55604E~02
6.91424F-02
=1,173578-02
-3,03806F-02
g, B996LE-02
~6,T4372E-02

TABLE 1Yy MODE _2

TETA=PPIME

=1.02421E-02
-1,07623F-02
-1.12A92E=C2
-1,17634E=02
-1,22642E-02
-1.27V128=02
~1.21627F=02
-1.,2601 2E=02
—1,402248=02
=1.44294F~02
-1.68194E-02

C=1,5192%E~02

-1.584876=02
-1.5884E~02
-1.62066E=02
-1,55083F=02
- £T7913F=02
—1,79°62E-02
-1.72998¢-02
-1,75248E-02
“1.77299E=02
~1,79189E~02
-1.80795F-02
-1,82226F~02
-1.83471E=02
-1.8449TE=02
-1,85214F-02
-1,85921E-02
«1,B85316E-02
-1.86%01E-02
~1,86473E-02
-1.86224€-02
«1.85784E=02
-1.85123E-02

TORQUE

-7.8%628F4N2
~9,25A5TF+02
-8.44340E+02
-9,02243F402
«9,39121E+02
-9, T4934E+02
~1.CN964E+03
-1,06370F+03
-1.075%8E+02
~1.10574E403
-1.13664€403
-1.1652%E+03
=1.19254£403
~1.21847€403
«1,26302€403
1,264V TE+03
-1,28782E+03
=1.20812F402
~1.32488E+0)
-1,344)46E403
-1.35987E+02
~1.3740%E+03
~1.28666€40%
-1,397726+03
~1,40720E+03
=1.4150TE+03
~1.42124F+02
~1.842599E+03
-1.42907E+02
~1.423084E403
-1,42022€+03
~1.42840E+02
-t 42495 E4+0D
~1.4198T€E+03

TORSIONAL MODDES OF CYLINDER=SHAFT CONFIGUR

TURQUE-PH!M?

~4,02652E-09
~3,93512E=09
13, 83925€-09
-3,739026~09
-3,63455E-09
«3,52596E=09
=3,41237£=09
-3.29690E-09
~3.17669E-09
-3,05288F=09
-2.925606-09
~2. T9S00E-09
-2,66126E=09
~2.52445E-09
=2.3848NE=09
-2.26264E-09
-2.097536=09
-1.95028E-09
-1.8007%€-09
“1.£4922F=09
~1.495B0E~09
~1.340706=09
-1.18407€-09
=1,02609E=09
-8.866956E-10
=7.06835¢=10
-£,45911E-10
-2.84368E-10
-2.22389E-10
-6.01577E=-11

1.02142E=10

2.643266-10

4,26210E=-10

5.87611E-10

ATION FOR NUMERICAL EXAMPLE



TABRLE 1T, MODE 2
TORSIONAL MODES OF CYLINDER-SHAFT CONFIGURATIGN FOR NUMERICAL EXAMPLE

et

STATION X IETA IETA-PRIME TORQUE TORQUE-PRIME
7~ 20 T8.000 =8,50112E-02 ~-1.85252E-02 ~-1.41319E+03 T+.483456~10
2= &0 79.000 =—1,042FRF~01 -~1,83172E~-02 ~-1,4C6451FE+02 9.08229F-~10
3-8 80.000 =1.22846F-01 =1.81RR4E~02 =1.39702E+02 1.06T08F=09
2~ 42 81.0N0 =1,40784E-01 -1.87289F-02 -1.78B357E+03 1.22472€-09
2w 43 82,000 «1.58722F~01 =1,T8690E=02 =1.2T70%4F+02 1.38098E-09
= 44 B2.000 <Y, FEEN2E~QY1 «l.TATBRE=02 =1,35%95E+03 1.531567E-09
= AW 84.N00 =1,940816-01 ~1,T45B&F-N2 =1,33982€403  1,68861E-N9
3~ 46 RE.ON00 =2,11£4NE-01 =3 ,.T723BFE-N7 =-1.2221BE+03 1.63964E-0%
1. &7 B%,000 «2,28FS8F-0) ~1.6%68B9E~-02 <=1.,20202€6+02 1.9885BE-09
2~ &2 B7.70 =2,454617F-N1 ~1,67200E-02 =1,28240E¢02 2+13E27E-09
- &9 BB.O00 ~2.51558F~N1 <1,464321E-02 -1,26022E+03 2,2T9%3€~-09
A= EQ AQ.000 =2,7B2R2F=01 ~).L81256F=02 «1.2348%¢F+02 2.42120F=09
3~ 61 97.000 =2.94249F-01 -1.5B007E-792 -1.21190E+03 2.5A013F-09
3= 52 91.000 =2,098836=01 =1,54FA0C=02 =1,189£1€+03 2.59615€-09
3~ %2 97.000 =2, 251E8E-0) -1.,9097TE-02 =-1.157G8E+07 2.829Y2E~-09
2= 54 GA,A00 =3I 4NNTGE-N1 =1.4T203E-02 =-1.12902F+03 2+9588TF-09
2+ FR G4 .00 =R, FLECSE-0) =V, 40262E-02 -1.098BCE+02 2.CB527E-09
2= %5 GENNN =2, 6B8T2VE-N]  =1.391R8E-02 =1.N6722F+02 3.20816F~09
2~ 87 GELNON  =2,82438F~01 ~1.2489KF-02 ~1.03564F403 3.22742€-09
3- 58 9T.070 =2,95371LE-N1  =1,.3N481E-N2 ~1,0007BE«02 3.4429CE~09
- 59 98000 ~4,0A8534F-01 ~1.25918E-02 ~9,45TB1E+02 3,5544TE=-09
2= 40 G9.000 -4.20894F-01 =1.212V3€E-02 -9,29509€+02 3.466201E-09
2~ 61 100,000 =4,22777F=01 =1,14369€=02 =B.92541E+02 2,76540F=0%
3- 62 101,000 ~4,86168F~01 =1,11394E-02 -~8,%4287E+02 3.858651E-009
3= €3 . 107,000 =&,55074E~01 «1,05292E=-0N2 =B,152%1F+N2 3,95972€=09
I~ 64 103,000 =-4,6%6276-01  <1,01070E-02 -T.TF196E+02 4.04947€-09
2= &5 106,000 =4,T7F2706=01 =9,5T7329E-03 =7,24262E+02 4.135Y1E~-09
2~ £6 107,000 «4,B4574E~01 ~9.02872E~03 -6,.92495E+02 4.21606E-09
3= &7 106,000 ~4,93328F~D1 =R,4T7292F=03 -£,49941F+02 4,29222E-09
3- 68 107.000 =5.01%22€E-01 ~-7.90950E-03 -6.065650F+02 4.36351F=-0%
3= 69 108,000 =5,09147E-01 «~T.33610E-03 -5.62567T1E+02 4 .42985€-09
3= 70 109,000 <=%5,16194E=01 =6,T7543TE=03 =5,1B80%4F+02 4.49117€=09
3~ T1 110,000 =G,226%6E-01 =~6,16498E~03 -4,72848E+02 4,.54739E~09
A= T2 111.000 =5,28%24E=01 =5.56B80E=03 =~4.2T106E+02 4.59845E=09



gel

STATY

-
I
:-l—
1=
2=
T
Am
2.

Do

TOTAL NO.

oN X
73 112.000
74 112,000
75 116,000
76 115.000
77 114.000
78 117.010
19 118.000
80 119,000
81 120,000
STATIONS =

ZETA

-5.,33793F-01

=5,3R4%56E=01
-E,425C0E~01
~5.45945E-01
~R,4BTE2E-DL
-£,509%6E-01
-5.%52526€E-01
-5 534468E-01
-%.%37826~01

202

TABLE I1,

ZETA-PRIME

-4,95%589E-03
=4 ,A5TE6E=02
=3.T4427E-02
-3,128T4F-02
=2.50%4LE~03
-1,881T4F~-03
=-1,.,2%568t=02
~$,28L9TE~04
=2.T1407E=17

MODE 2

TORQUE

-3.80879E+02 |

«3,3422CE+02
-2.871082E+02
=2.39818E+02
=1.92182E+02
~1.44327E40Q2
=9, E3094E+01
-4,81821E+01
=2.08167E-12

TORSTONAL MODES OF CYLINDER-SHAFT CONFIGURATION FOR NUMERTCAL EXAMPLE

TORQUE-PRINE

§.64429E-09
&,604BEF=09
4.72012E=09
4.,75002E~09
&, TT45IE~09
4, 79362E-09
4.B80727E=09
4.B154TE=-09
4.81821€-09



LET

FREGUENCY CYCLES PER SECCND

FRECUENCY RADTANS PER SECOND

 STATION
1- 1
1~ 2
1- 3
1- &
1- %
TN
T |
1- 8
- 9
1- 10
1- 1
1- 12
1~ 13
1- 14
1= 15
1- 14
1= 17
1- 18
1- 19
1- 20
1- 2t
1- 22
1= 22
24

1-

X

0.000

1.000
2.000
3.000
£4.000
5.000
&.000
TN
B.Goo
9,000
10.000
11.000
12.000
13.070
14,000
15.000
16,900
17.000
18.000
19.000
20.900
21.000
22,000
23.000

.

FAAL

1.92881E-02
1.92678F=02
1.9307E~02
1.92058E=02
1.9N644E-02
1,88821E-02
1.84A228-02
1,84023F-02
1.81080F-02
1.77&7TE-Q2
1.72942%5~02
1,.598L4E-02
1.6%3R9%=02
1.67%895-02
1.554F3FE=N2
1.49991E~02
1,4821£65-02
1.38138E-N2
1.317728-02
1.251306-02
1.18226E-02
1.11074€=02
1,03690E-02

. 9,60891E=-03

TORSIONAL MODES OF
¥ =

1221.943

TETT. 1046

ZETA-PRIME

0.
-k 055 ISE=05
-8,10221E~0%
-1,21221F=-"4
-1,6124TE-04
~2.010T4E-CA
-2.4N3M1E-04
-2, TI145F=08
-3.1T3L5E-04
-3,54880€-04
-3,91673E~04
~4,2164 TE~04
-4 62T725€=04
-4 ,95R3ISE-N4
=%,23906E~N4%
-5 .61 86TE-04
-5 ,926%2E-04
-6422198E=04
b 5N6H2E~Q4
~5.TTI24E-04
-~7.02788E-04
-T.26782E=04
T 49255 E«04
=7 .T0160E=04

TABLE 11

MODE 3

TORQUE

C.
«2.51432E+02
-%,02317E402
=7.52192E+02
-1.00047E+03
-1,26458EF+02
~1.49024E+03
~1.T20TCE+L2
-1.96TE4E+03
-2.,2002¢E+03
-2.42838E+02
-2.45141E+03
-2,86890E402
-3,08N2RE+03
=3, 285462E+02
-3,4082%BE+C3
-3 ETLGEE+0D
-3, B85 TH2E4+03
~4.022T74€+03
- ,19941E+03
-4,35729€+03
=k, B0605E+02
-4 ,6453BE+03
=k, TTHOSE+03

0.00 SEC

TORQUE-PRIME

-2.51432F-08
-2.,51149E=08
-2.,%0280E-08
-2, 5906TE-08
—2.47235¢E-08
-2 ,44082E-08
~2.42019E-08
-2.28649E-08
-2.24779E-08
-2.30418E-08
-2,25575€=08
-2.29259E-08
-?,14483F=C8
~2.08?58£-C8
~Z2.,N1R9TE-0B
-1.94514E~08

* -1.BT024E-D8

-1.79143E-08
-1,7088TE-08
-1,622T72E=08
-1.53319E-08
=1.44045€=08
~1.,38659E-09
-1.24512E=08

CYLINDER-SHAFT CONFIGURATION FOR NUMER TCAL EXAMPLE




8t1

STATION

1=
1=
1-
l=
1=
1-
1=
1-
1-
1—
1=
1=
1=
Y-
Y-
1=
Y-
2—
2=
2=
-
2=
2
2=
Z2-
L
2=
2=
2=
2=
2~
2=
-
2~

ey
N OO0 e I8Pl

e b
P

15

s
oy

24,000
25,000
26,600
27.000
28,000
29.0n0
30,070
21,000
22.000
33,000
346,000
35.0n0
36 .000
37.000
28.n00
39.000
40,100
40,000
41.n00
42,000
43,00
44,000
£5,000
4&.000
&47,.000
48.000
49,000
£0.000
51.000
52.000
53.000
54,009
55.000

56.000

ZETA

6.82870F-03
8,02001F~03
7.214525-03

6.382303€-02.

E.R19GTF~01
4,68442E-03
A,BY90TE-ND
2«948T2F=-02
2,08622F =03
1.18238F-D2
2.95069F=04

=5.908F3FE-N8 "

=1.4TL5EE-ND
-2425917F-02
=3, 22£84E~02
w1 0TTLE-NT
~5.,97004E-N2
=4,970C0&E~03
~£.084%F2F-03
-=5.20835F-032
=%.21127¢-02
=E.4N308E=02
~5.48258F-03
=5,F5261E-n2
=5.A1001E~D3
~C.65%60E-03
=5,568951F~03
«F,T1143E~03
=f.7T2140F=03
=R, T1940F-02
=8, TOF&2E~NT
=S.6T9%51E-02
=5.641T1E~-02
~559211E-03

TABLE 1!, MODE *

YORSETONAL MOOES OF CYLINDER=-SHAFT CONFIGURATION FOR NUMERICAL EXANPLE

ZETA-PRIME

-7.89454E~04
-8,07095E~04
-8.22067E-04
-8.27274E-06
-8.497T4E-04
~B.6N452E~04
-8.69351E-08
~B.76430€-04
~B.B1ETEE=04
-8.85075E-04
-8.84622E~04
-8.85215F=04
-8.84152E~04
~8.87129E=04
-B8.74283EF=04
~B8.£4599E=04
~8,ET100E~04
~1.29682E=04
-1.191%2E-04
w1 O0R3TI E~-04
-9.73627E-08
—B.615248=05
-7.47608E~05
~£,32128E~0%
-5.15224F=05
-3.97642E-0%
~2.7872BE~CS
-1.59431£-05
«3.97995E-06

7.99152F-06

1.99462E-05
3,18592F=05

4.37057E-05

5.54606E~05

TORQUE

-6 ,09461€E+03
=5 ,00369C+03

. =%,10285€+03

~5.19111€e03
=5 ,26B4TE+0Y
=5.22581F+02
~%.30992E+02
~5.433BT7E+02
~5.465630F+03
-5 4BT4EE+DD
=5.49TC6E+02
=5 49515E+03
~G.A4B81TGE+DD
=5 ARAREE+QT
=~5.42056F+ 03
=5 AT291E+ 02
«8,31402E+02
=8,0402¢E+02
~T238T42E+02
-6.,T1901€402
-, 02AEEEL02
=5.36145E+02
-4 ,6351TE+02
~3.91919E+02
-3.,19501E+02
=2,45414FE+02
«1.T2811€+02
~9,884T0E+01
2. 46TRTE+O1

4,956 TLE+OL

1.2364TE+02

1.9T528E+02

2.T09TSE+Q2

3.42856E+02

TORPQUE-PRIME

~1.14494E-08
=1.04126E-08
-9 25606E~-09
~B8.27891E-09
«To1R444E=-09
=6, 0T494E-09
=-6.95272£-09
-3.82013E-09
2. 5T95KE-09
=1.53238g-09
T«65254E-10
1.91484E-09
31.05G46E-09
§,19765E-09
5.32707E=09
8. 44523E-09
h.64533F09
&.606TTE-Q9
&, 15428F~09
6.8878FE-09
T.0N692E~N9
T.11132€.09
T.20083E-09
TJS2T52BE-09
T.234506~-09
Te3T7837E~09
T.406B80€~-09
T.41973E=09
T.41712€-09
7.39991€-09
T«356540E=09
T«214638E-09
T+25205E~09



TABLE 11y MODE 2
TORSTONAL MODES OF CYLEINDER«SHAFY CONFIGURATION FOR NUHERICIL_E!AHPLE

6Lt

SYATION X LETA LETA~PRIME TORQUE TYORQUE-PRIME
?2- 18 57.N00 =B, R2080F-03 G TR994F~C5 4.16016E402 T.17254€-09
2~ 19 58.000 ~5.45791E-03 T.B59T9E=C5 . 4.8TI0TE+0? 7.07803F=-09
2- 20 59.100  -5,3T7341¢-02 8.99318BE~05  S5.57ST7E+02 6. 958TOFE-09
2= 1 7 60.070 ~5,.27804F-03 1.01078F=n4 $.26681E+02 6. 8447BF-09
2- 22 81.000 R, 1T148F-D3 1.12012E-04 £.944TEEX 02 8. TOER4E-09
2= 23 £2,000 =K, N5404F-03 1.22712¢-04 T«£0813E402 6.55427E-09
2- 24 53,000 -4.92604F-03 1.231"%F-04 B8.25550E+02 6.39827TE=-09
2= 2% 64,0N00 ~4,78772E-03 1.43219F=-04 8.885796+02 £.20091E-09
2= 25 £5.000 «4.63941F-03 1.53186E~04 9.,4973CF+02 5.01656€E-09
2= 27 66.000 ~84.4812T7E-03 1.62728F-04 1.00891E+03 %.81151E~-09
2~ 28 87.0%0 «4,31396FE~03 1.71931F=04 1.06597F+03 5.,594F0E=-09
2= 29 €8,070 =—4,13782€E-03 1.80775F-04 1.1278CE+03  S,3456BE=0%
2= 230 £9.000 =2, 957241F=N) 1.89240F=04 1.17229F+03 5. 12564E-09
-1 T0.1N0 =3, 7%90LE-03 1.972096-04 1.22322F+03 4.87486E-D9
2= 22 T1.NN0  =2,8578CF-03 2 V4965E=-04 1.2707T9E+02 &.L1269E-09
2= 32 T2.00N  =2_74911F-02 2.12197F-04 1.21540E+03 4.354325¢-09
2- & T3.900  =-2,13342F-03 2.1897¢E-04 1.35T65E+02 4,063%3F-09
2= 35 T&£.000 =-2.91114F-02 2.25301E-04 1.39687F+03 3. TTEI1E=09
2= 35 75,000 -2.6R2B2F-03 2.7165€-06 1.4331€€402 3.4791BE~-09
2~ a7 T6.000 ~2.448846C=02 2.356525F=-04 1.GE645E+03 3.1757TE=~-09
2- 38 77.000 =2.20577€E-03 2.41309E-04 1.59484BE+02 2.B4572E-09
2= 19 78,000 =] ,9££74F=N] 28 5TH9F=08 1.F2377E+02 2.5494EF =09
2- &9 76.000 =~1.T1824E-02 2.49424E-04 1.54TLTE+03 2.22827€~09
2= 41 82,700 -1.45£828-03 25295 TE-N4% 1.56834F«02 1.90222E-09
2~ 42 AY,0C0 -1.21232F-03 255TEIE-D4 1.58572E403 1.57219E~09
2= 43 82,700 =9,5%2G5F-ng 2.5BN29F-0% 1.5997T8E+03 1.23886€-09
2~ 454 82.000 ~5.96267E-04 2.59750€=04 1.51050E+03 9.02945€=10.
2=~ &5 Be 0NN =4,35781E-04 2.60942F~04 1.61T84€+C3 T«65137E~10
2= 46 85,000 =1,74283E~04 2.51%81E=04 1.62180E+02 ?.26147E~10
2= &7 84,000 B.731798E-05 2.616T2E~04 1.6223TE403 ~1.12217E~10
2=-49 87.000 3.4689560F=04 2.61218E=04 1.61954E4¢03 «4,52545E=10
2= 49 8a.000 5.09911E-04 2280212E-04 1.61332€¢03 =T7,90826E~10
2= 50 89,700 8.69385E-04 2.59645E-04 1.60372€+03 -1,12745€-09
2= %1 $0.000 1.12724E+03 2555 T6E=-04 1.590TTEe03 ~1.461T2E-09



TABLE TI, MODE 3
TORSTONAL MODES OF CYLINDER=SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

ov1

STAYION X LETA ZETA-PRIME TOPQUE TORQUE=PRIME
2- 52 91 .00 1.28254E-02 2. 57950F-C4 1.57449€+403 -1,7929%F-09
2= 53 92,000 1.63%04C=02 | 2.50792E=-04 1.55491€+403 =2.120%0E~09
2= %6 92.000 1.884]12F-02 2.4T110F-04 1.522CLE+02 «2,44340E-09
2= 5% 94 .000 2.129246E«03 2.47911E~04 1.50605E+03 =2,76131E-N9
2- 56 S5 .00 2.349G5F-02 2.38202F-04 147686403 —2,07T224E-09
2= K7 9k .ANN 2.ANTBTE-03 2.32997E~04 1.44458F+03 ~3.37913E-09
2= %8 57.0N0 2.82F94E-02 2.27202F-0N4 1.40920E¢03 ~3.6TTTEFE-09
2=~ 59 99 ,.400 3.N6028BE-N2 2.21123F-04 1.27102E+02 -2,94869E~09
2= &0 $9.000 A.27821E-073 2.14701FE-04 1.22997€¢03 -4.25131€-09
2= &1 170,000 2.48925E~07 2.07420F-04 1.28600E+C3  ~4,52504E-09
2= &2 10t.000 3,69206F~03% 1,99904F~04 1.23941F402 -4,78929E~09
2- &3 122.000 1.R8910F~D2 1.91270F-04 1.19022E+03 =-5.04353E-09
7~ ta& 102.000 4,07TT00F=~03 . 1.83635E=04 1.139%6F403 =%,28721E~09
2~ &% 14,000 4,2563TE-03 1.74%15F-04 1.0B446TE+NT -5 E19§2E~-(C9
2= &6 107,000 4,62%85E=-02 1.£5879E=D4 1.02814F+03 ~5,.T4N80E=09
2= &7 104,000 4.58BC4F-02 1.56204E-04 S.694658E+02 -F_,G4904E-09
2= BR 107.000 4,T2963F=N2 L 66E626E-D4 9.COL44F4+02 =6.14A53E-N9
- €9 198.000 &,88171E-03 1.24569E-04 B.A8T2BE+02 ~6.33027E~09
2= 710 1ng.nrn 5.N1278F-023 1.26214F-04 T.82540F+02 ~6,50076F-09
2= T 11,0900 F.13378E-03 1.15599F=-04 T«IET14E402 —4,£5T64E~09
2~ T2 111.020 F.26358F=-02 1.06740E=~14 6.49388E+02 —-6.80059€E~09
2= 1 112,000 5.3£324F=03 . 9,35617F=~05 5.80703FE+0? =6,92921¢-09
2- Ta4 113.900 5.43121FE-03 8,238 7"E~(C5 S5+10802E402 -7,043%53E~09
2= 715 114,000 5.50802F=02 T.N94CBE=~0% 4439832F402 ~T.14300E-09
2= 16 115,00 BLATAZOF-D2 5.924548F~05 F.67T942E402 ~7,227526-09
2= 17 118,000 S.626T16~12 4.T5262€~05 2.9F283E402 -T7.29592F-09
2- 18 117.9n0 R CABAAE-D2 3.58072E-05 2.2200TE4+02 —T.35107E-09
2= T9 118.00n0 SefOBI3F~03 2.79132F-0% 1.48262E+4N2 ~T.38981E-09
2= 80 119,000 S.T1E29E=-03 1.19691E-05 Te4298E6E401 =T.41310E=09
2- 8 120.000 5eT72228E~03 <~1,4581FF=18 -9,C&0%2E-12 =T,420876-09
- 1 40,000 =~4,57004E-03 =5,88011E~02 =4.50999E+03 1.2183£E=10
3- 2 412000 =6,37626E-02 -5,85822E-02 ~=4,.50787E+03 1.69128E~-D9
3= 3 42,000 =1,2233%E=01 =~5,82602E=02 «=4.4TA1TE+03 3.24507=-09
3= 4 6£2,000 <-1,80483E-01 =5,THBIL2E-02 =-4.43598E+03 4., TAT54E-09



Tt

STATION

N
Q=

T
3-
A
2=
.
3~
1-
-
3-
!-
3
Ae
2.
2m
2-
-

A

A=
A
A
Q=
A
T
T
Ae
. B
=
3-

kL)

e

e

LR R N R

10

12
13
14
15
15
17

18°

19
20
21
22
23
2&
25
26
27
28
29
20
k)
22
EE
34

38

36
37
EL:)

44,000
4% .000
46,000
47.000
48,000
49,000
50.000
51.000
52.000
53.000
54,700
k5,000
56.000
57.000
58.000
£9,.0nn

©AQLDO0

61,000
62,000
63,000
54,000
£5.000

. 66,000

57.000
&8,NN0
£9,000
T.000
T1.000
T2.000
T3.000
T4.000
T5.070
T6.000
T7.000

IETA

=2.350CTE=-0Q)
~2,94TCRE-D1
=3.5N3PRE-NY
~4,040856E-01
-4 .57923E-01
~5.,09404F-01
-f.59)23E~0]
~¢,06506E~01
~hF25RIE-D1
=-6.96012F=N1
-T.2T02TE-OY
T IEL91E=D]
-8.11270E-01
—~8,44242E-01
=8474291E~0)
=9,M17145-01
-9.,25217E-01
-9.4%59171E-01
~G.563304E-01
-9, 77425E-01
-0,AR144E=01
-9.954228-01
-9.52274E~01

T =9.99£E8E-01

-9,96581F=0)
~9.9005%E-01
-9.80101€-01
-9.£6755E-01
«9,%0062F-01
-9.30C81F-01
-9,06881E~-01
-8,80541E~01
-8,51153E~01
~8.18818E=01

TABLE 1T,
TORSTONAL MODES OF CYLINDER=-SHAET CONFIGURATION FOR NUMERICAL EXAMPLE

IETA-PRIME

-5,71120€-02
«5 ,A1901E-02
25.507217F-02
-&  3TEATE-02
-5,22735E-02
-5.05994E-02
-4,8T¥N1 €02
-4,672216-02
~4,45R21F=02
-&,22182E-02
~3,97382E-02
=3.712045=02
~3,43T462E-02
-3.15090E=02
~2.8524TE~02
~2.56617E-02
-2.21005E=N2
~1.90621F-02
~1.5TRTTE=02
-1,23987F-02
-8,99682E~03
-5 .62 78E-03
~2.11148E=03
1.3481%E-02
4.80211€-03
8.241476~02
1.16513E-02
1.50208E-02
1,83283€-02
2.15924E~02
2.47717E=-02
2.70653E=-02
3.08625E-02
1,37528E~02

wOpE 3

TORQUE

-4.20083E403
-4, 09T2E+03
=4.22410E¢07
-%.12385E+03
-4 ,00932E+02
-3.8B092F+03
-3, T290CE+02
=3,58421F+02
~3.41T712E+02
=3.,22810F+03
-2,04TBRE+D?
=2,8&T10E+03
-2.6364TE+03
=2.4Y5TIE+D2
~2.18B%GE+02
-1.%%289E+03
=1.71042E403
=1.46204E+03
«1.20840E+03
-9.509568E+02
«§,9004TE+02
-h26T2TEXQ2
=1.£19485+02
1,0260 E+02
3.68294E+02
4.32112F+02
8,93542F+02
1.15208E+03
1.40652E+03
1.65512E+03
1.8999TE+D2
2.13724E+CQ2
2436TL2E+02
2.588B1E+03

TORQUE=PRIME

6.31342E=-09
T.B1T48E~09
9,294408E-09
1.07393E-08
1.21470€E~-08
1,35126E-08
1.48314F-08
1.40939€-08
1.73107E-08
1.84626E=08
1.95505€-08
2.05778F=08
2.15199€-048
2.23945E-08
2.31916€~00
2.39084F-08
2.45425E-08
2.50916F-08
2.55539E~08
2.5927TTE~0B
2.62117€=08
2.640F0E-08
2.6307T0E~DB
2.65171E-08
2.64355E~-08
2.62524E-08
2.59984E~-08
2.56444E=08
"2.52016E~-08
2.456715E=-08
2.40561E-08
2.335T4E=08
- 242%7T9E=08
2.1T201E-~0Q8



i

STATION

1=
2.
T
A
e
A=
B
2
B
T
-
2=
3=
A
A=
-
-
3=
-
T

2w
-
Zue
A
A=
3—
a-
B
A
A
3=
R
3‘

k2

30
60
41
42
43
46
45
45
47
49
49
€0
51
€2
LA
54
g
c¢
57
cg
5o
&0
61
62
A2
64
65
&
&7
68
€9
70
T
T2

78.000
T79.070
an,.nq00
gr.nno
82.000
g3.nco
84,000
BR.000
86.000
aT.000
83.7n0
S0.0CQ
g1.00an
G2.000
93.NN0
4,000
3F .00
96.000
97.0Nn0
9R8.000
59,000
100,000
1Cl.A0nN
102.000
173,000
104 .200
106,000
106,000
107.000
198,000
109.000
110.000
111.00C0

©LETA

~7.83649F-01
~T«48TLBE-N
~T.NE2N5F=-N1
-5.F2401F-0Q1

=6.37203E-01

~5.698A5F-01
~%,20552E-01
-4,69453E~01
-6.,16719E-~01
=2,52562F=01
-2.97T111E-01

=2.50614F=-01

-1.932%3E-01
=1,25221F=N]
~T«AT214E-D2
~1,7955TE-0Q2
4,.08724€E-02
9,9F501E-N2
1.57901F=01
2.156STE-01
2.T2747E=0Y
1.28872F~-01
2.83827F~=01
4,3T459F-01
4,09%84F-M
T.ANN14E-0]
5.885715€-01
$.25099€-01
4,T942%E=01
T.21299E-01Y
T.60RT6E-D1
T9TT720E-01
8.31802F~-01
B8.43005E=01

TABLE II, MODE 3

IETA-PRIME

3.65263E=-02
2.91734E-02
4416849E-D2
4.40521€E-02
4.52¢68E-02
4.832V4E~02
5.0208TE~-02
5.19222E=02
S«34560F-02
5.48048%=02
5 .59579E-02
5.69293F~02
5.7697¢E~Q2
F.082662€-02
RH.A5232]1€~-02
S.A7970E~-02
C.87574E-02
E.8%1L5F-02
5.80620F~02
5.74224€-02
R,4RTT2E-02
K ,55360F-02
$.4302TE-02
5.288L7E~02
€.127TOE-N2
4,949%1E-02
4, TH418E-02
4,542641F-02
4.31490FE-02

. 4.07266F=02

3.81%93E~02
3,54618F-02
1,26016E-02
2.97084E~02

. TORQUE,

2,80 F2E+0)
2.004FLE+(2
3.19T19F+03
3.3TATEE+03
3,548R2E+03
3.70620E+03
3.B509EF+03
3.98236E+03
4.10002E+02
4.20248E+03
4,29228E+02
4,2R542E4N3
§.425350402
4.86B96E+03
4.45T10E+02
4.50967E+03
4,506£4E+02
4.4380CE+012
H.45382E+02
4§ ,60628E+02
4.32941E4+03
4 ,2F9R¢E+0?
4,1R49£F+02
4, 0559FE+Q2
3,52789F+02
3.79622E+03
3.5L641E+02
2.48398E+03
3.,30949E+02
3.12354E+03
2.926THE+LD
2.71988E+02
2.50358E+03
2.27860E+02

TORSIONAL MODES OF CYLINDER~SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

TORQUE=PRIME

2.07873€-08
1.976824F-08
1.C1791E-08
1.75T10E-08
1.63721E-08
1.911656=08
1.28085E~08
1.24520F=08
1.10540E-08
9.£1688€~09
B.14645E-09
b,EATROE-09
%, 12627E-09
3.58/91E-09
2.03513€-09
4.76296E-10
~1.084)9€=09
-2.64092E-09
-4 ,18853E-09
-5,72164E-09
-7.23494E~09
~8.72221E-09
~1,01813E-08
~1.16061E-08
-1.29868F~08
~1443245E-08
-1.56127E=-08
-1.68468F=08
~1.80226E-08
-1.913606-08
-2.01822E-08
«2.11605E=08
-2.20646E~08
-2.28923E-08



STATI

T
-
2=
A

CR R R

F=
B

€l

-TOTAL NO.

oN X

73 112,000
T4 112.020

T= 114,000 -

T6 115,000
T7 116,000
T8 117.000

19 118.000

80 119.000
81 120.000

STATTONS =

LETA

8.91221F-01
C.162536-01
9.38212€-01

. 9.57023E-01

Q. T2622E-01
F.B44FSE-NY
9.93080E-01
2.98268E-01
1.00000E+00

203

TABLE 11, MODE 23

LETA-PRYME

2.66T23E-02
2+2354395=02
2,03340F-02
1.7053TE=02
1.3TV44E-D2
1.03275€E=-02
6,90498E~-02

3,4584TE=03

1.01032E-15

TORQUE

2.06574E+03
1.80579F+02
1.55960E+03

'1.30800€+03
. 1.0%188E+02

T.92112E+02
5.29504E+02
2.865261E402
T«T4903E-11

TORSIONAL MODES OF CYLINDER=SHAFYT CONFIGCURATION FOR NUMERICAL EXAMPLE
TORQUETPHIME

-2.36407E-08
-2.,43074E=-08
-2.48899E-08
=2.538672E=08
=2.5T947E-08
~2.61139E-08
=2.63427E=08
=2, 64802E-08
=-2.,65262E-08



TABLE 11
TORSIONAL MODES OF CYLINDER-SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

AR

T - 0 .00 SEC
MODE &

FREQUENCY CYCLES PER SECCND 1299.407

FREQUENCY RADIANS PER SECOND 8792,7318

STATION X ZETA LETA-PRINE - TORQUE TORQUE-PRIME
1- 1 0,000 9.914CHE~01 0. 0. «1.68625E-06
1- 2 1.000 9.90C49E=01 =2,T1976F=03 ~=1,6862%5E+04 -1,68394E-06
1- 3 2.000 9,B85971E=N]l ~5,43207€-03 ~3,26TB8E+04 —1.ETTOLE-04
1= 4 1.000 9,79186E=01 =0.12944E=03 =%,04027F+04 =-1,85347E=06
1- 5 4.000 9.69T146E~D] =1.0804%E-02 <-56.6G882E+04 -~1,64925E-06
- & FL.Onn 9,6TETGEmO] «1.34FN0E=02 ~8.22398E+04 -1.62BTLE-04
1- 7 4,000 G L2B16F~01 =1,A0F8FE~02 <-9,9582£E6+04 -1.40760E-06
1= 8 RASALLL 9,25aL48-0] ~=1,86229E-02 -1, 1F4E82F¢0N" =1 .%T409E-NG
1- 9 8,100 O.0RRTIE-N] =2,V12F2F=-02 «1.210465F+0% =1,54026E-06
1- 10 2.00n 8.83192E-01 =2.3%915E-02 -1.46287E+058 ~1,50219E-06
1- 11 19,000 8.58300F-01 =—2.5S9821F-02 -1.61089F+05 =~1,44001E-06
1- 12 11.000 B.21231E-01 =—2.83012E-02 =1.754E2F+0% =1.41201E-06
1~ 13 12.000 B,01789F=01 =3,055428F=02 =1,8936"E+05 =1,363T4E-04
1- 14 13.010 7.70167E=0%  «3,2T005F=~02 =2,0274?E+0% ~1,20992E-06
1= 15 14.000 T.3E2HE=Q1 3 4TEBGE=NZ =2,155L4E¢05 -1,25250E-06
1- 16 . 17,000 T.N0611E=01 =2,.6T409E-02 =—2.2TT92E+05 -—1,19165€-04
1- 17 14,000 $.62910E-0]1 —3.8512%E-02 =2,39397E+0% -~1,12752E-06
1- 18 17.100 6.271388F-01 =5,03781€6-02 =2,50344E+0% =1,06030E-06
1= 19 18.000 E.B2155E«01 «4,20329E-02 <=2,£0504E+0% -9.9016TE-07
1- 20 19.1700 $.39123F-01 =4§,35722E-02 =-2.7014BE+05 «9.173176=07
1- 21 20,000 £.95C11E=01 ~#.49920FE=-02 -~2.T89%1E+05 -—5.41946C-07
1- 22 21.000 6.493450E=0] =4.67883E~02 =2.86987E+05 =T7.64268F=07
1- 23 22.000 & ,02635E=01 =4,T4575E-02 =2.9423CE+0% ~6,.84489E-07
1= 24 22.000 3.54426E~01 =6.84964E=02 =3,006TSE+05 ~=6.02831E=07



TABLE 11, MODE 4
TORSIONAL MODES OF CYLINDER-SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

b A"

STATION X ZETA ZETA-PRIME TCRQUE TORQUE-~PRIME
1- 2% 26,000, 3.,05467E-01 -56.94022E-02 =-3,0f294E+05 =5.19519€-07
1- 26 2%.000 2.55822F=01 =5,01T724E=02 .-3.11069F+0% -4 424 TTIE-OT7
1= 27 26,000 2.05099E-01 ~5,08048E=02 -3,14990E+0% ~3,48847E~07
1- 28 2T.100 1.%5013E=N1 -S5.129T8FE~N2 ' =3.18046E+05 ~2.619%6E-07
1- 29 28.700-  1.02504E-01 =5.16499E-02 =3.20230E405 =1.T74346E-07
1« 30 29.000 £,071256-02 -%,18602F-02 -3,21524E+¢05 -8.62570E-08
1- 31 10,000 =-1.21621F=02 =5,19282F=02 ~3,219%%E+05 2.068TBE~O9
1- 32 11.000 —-5.31420E~02 =F,18%37E-02 =-3,21493E+05 9.C3890E~08
1= 33 32.000 =1.04974E=01 =5.14368F-N2 =3,201&4BE«ON 1.784¢L1E-07
1- 34 22,000 =~1,%F&17E-01 -5.127B1E-02 =3,17924E+05 2.65044E-07
1= 35 26,000 -2,07480E=0Y =5.07787E=02 =-3,1482BE+0S 2,52B94E=07
1= 26 35,000 -2.5T9T4E-01 ~5.01398E-02 -3.1CB67F¢05 4,3087T60E~-QT
1- 37 16,000 -3,07TECE-01 ~4,93£22F=02 -3.06057E¢0% %5.23659E-07
1- 28 27,000 «3.56T0LE-01 ' —4.B4514F-02 ~7,00398E+05 6.06TQ2E-O7
1- 39 197NN -4, 04L64F-01 —4,T4064E-02 =2.93919E+05 6., B88279€-07
1- 40 39,000 ~4,51515F=01 -4.62212€-02 =2.86632€+0% T.6T96TE~-07
1- 41 40,000 =-4,9712T7E-01 =4,49291E-02 =-2.7B5€1E+0% 8.,45546E-07
2= 1 40,000 =6,97127F=01 =4,%4417F=02 =2.8172RE+05 B.45546E=07
2- 2 41,000 -5.41887E-01 <~4,40196E-02 -2.72897E+0% 9,216TTE-0T7
2= 3 42.000 =~F,85159F=01 =4,24686F=02 =2.6330ZE+05 9.95277F=07
2= 4 47,000 -—£,248756=0] ~46.DBOFYIE-02 ~2,%2992E+0C 1.06615E-06
- 5 44,000 =£,68TT0E-N] -23,.97295F-N2 =-2,41982F+05 1.13409€-06
2~ & 45,000 =7,.04885F-01 -3.71468E-02 =2.203)10E+05 1.19€925~08
2= 7 46.000 =T,41065FE=01 =3.51621E-02 ~2.18005E+05 1.26045FE-06
2- 8 47.000 =T7.7TS211E=01 «3,30B098«02 =2,05102€+0% 1.318%3E~06
2= 9 48.000 -B,NT7228F-01 =3,09089E-02 ~1.91537E+05 1.37299E-06
2= 10 49,000 =B,3T030E-0)1 =2.B6520E=02 =1.77642F¢N8 1.4235BF=06
2- 1 0,000 —B.AGEI4E-0) ~2.63146E=-02 -1.62162E+0% 1.,47T046F=06"
2= 12 £1,000 =8.69664E=01 «=2.79N84E~02 -1,4B8233F+05 1.%1320€E-06
2= 13 52,000 =9,12183E=N)] =2,142352E8-02 «1,22898E+05 1. 551 79E-04
2= 14 "3,000 =9,32538E=01 =1.89029€-02 <1,1719BE40S 1.58612E~06
2- 15 €4.000 -9.50180FE-01 =~1.53187E=02 =1.0117¢E+03% 1.61610E-06
2= 14 e 000 -9.45175E~-01 <=1.32689TE=-02 <=08.48763E+04 1.64163E=06
2= 17 %5.,000 =3.77541E-01 =B o834 35E+04 1. 5824 TE=06

-1s10231E-02



TASBLE 1Ty MCDE &
TORSTONAL MODES OF CYLINDER=SHAFT CONFIGURATIDON FOR NUMERICAL EXAMPLE

9T

STATION X LETA TETA=-PRIME TORQUE TORQUE~PRIME
2= 18 £7.000 =9.87224F-01 =B8,22¢30E-03 =5.16221€+04 1.67914E~06
2- 19 50,000 =9.94194€=01 =5,80680F=~03 =3,47609E4+04 1.69099FE=06&
2=~ 29 £9.000 -9.98419F-01 ~2,8T7149€-03 ~1,78723E+04 1.6982)E-056
2= 21 $0.000 =9,99941E~01 =1.28506F=084 =T.96T2£E+02 1., TR0TTE= Q6
2- 22 £1.000 -9.98897F-01 2.514684F-03 1.62120E+04 1.69865E-06
2= 23 £2,700 =9,947126=-01 5.251N1E-013 3L, ILTRIEHDS 1.69187F=-08
2- 24 A2,000 -9.8T79576-01 8.C72%0€E-02 5.00495E+04 1.6A045E-06
2= 25 €4,.0n0 -9,7B57CE~Q] 1.07710E=02 B.HTBECELOS 1.456442E-06
2~ 26 AR . N0N «9.66658E-01 1.34416F-02 B8.33380F+04 1.664281E~06
2= 27 66,000 ~9,S5148BE-0V  1.6%T45E-02 9.SE418F+04 1.61BT0E-06
2- 28 57.000 =9,343C8F~01 1.8%58328=02 1.15T12F+05 1.5891 3E=06
2+~ 29 $8.1700 -9.74364E-01 2.120N07E-02 1.31445E+05 1.55521€~-06
2= 30 £9.9N0 «8.919796=01 2.25801E=02 1.48814E+08 1.51702€=-06
2- 21 TN.000 -8.6TO0SE-DL 2.50944E-02 1,4178FE+DS 1.4T46AE~06
2= 32 7,000 ~8.397226-01 2.842T71F-02 1.76310€+0¢ 1.42825FE-06
2- 13 77.000 -8,10133£-01 3.07017F£~02 1.90351F+05 1,37T32E=-06
2- 34 72.000 -~7,768220€E-01 3.,2882YE-02 2.02849E+0°% 1.32382E-08
2- 3¢ T4.000 =T.54370F-0T 2,49722E~02 2.18827F 405 1.26607€-056
2- 3% 7,000 ~T.08377e-01 I,696E2E-02 2.29191E4+0% 1.20485€-06
2= 27 7€.000 ~6,70439E~-01 3.88F88E~C2 2.4092FE+NE 1.14033E=06
2- 28 TT.000 -A,20£50E-01 4 NhGEAF=02 2.51998F+0R 1.0726TE-06
2~ 29 78,100 ~FE.89151E-N1 4.23191E-02 2.4237SE+(CS 1.N2207E-N%
2- 40 T9.000 =5 .4AN22E=-01 4,28772€-02 2.T20235F+0% 9.2BT12F-07
2- 41 ar,n0f -%5,.n1297E-01 4,521 FLE=-02 2.80952E+08 B.52810F-07
2= 42 87.000 <~4,55294F=01 4.55284E~02 2.890946E+0% T.T4565€-07
2= 42 82.0C0 ~6,08141%5-01 4 ,.78128E-02 2.9644%E+05 6.94194F-07
2- &% 832,000 =3.59748E-01 4.PR6TBE=07 3.02981E+05 6,119V TE-07
2- 458 84,000 =2, 10476E-01 4,978T8E~02 3.08ABLE+DNS ., 2TI40E-OT
2= &6 85,000 =2.40193E-01 §.0N5T106-02 3,12540F+08 4.62553€-07
2- &7 8k .000 -2,09265F-01 5.121F5E-02 21,1752 LE+05 3.55932€-07
2= 48 87.700 =1.57762E~01 E.17193€-02 2.2056CE+DT 2.68322F-07
2=~ &9 83,000 =-1.05827E-01 5.20811E~02 3.22902E+05 1.7999TE=07
2= 50 B89.000 ~5.,36003E-02 5.230006-02 3.2542850E+08 9.116T70E-080
2= 51 90,000 =~1.2267T8E~03 5.23753E=-02 3. 24T2TE+O5 2.084659E~09
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91.000
92.000
92.000
94,010
95.000
JELON0
$7.000
98,000
99.000
120.000
101,000
102.000
102.000
1ca.nnn
1¢5.000
106,000
107.000
108,000
109,000
110,000
111,000
112.9000
113.000

115.000
114,200
117,000
118,770
119.000
120,000
4£0.000
41,000
42.000
43,000

TORSIONAL MODES OF CYLYNDER-SHAFT CONFIGURATION FOR NUHERICIt EXAMPLE

ZETA

- B.11502E-02

1.03237E~01
1.R8240F=-01
2.0L86TE-D1
2.5TB2RE~0]
3.NBNTEE-D]
2.57482E-01
4,N590KE~-01Y
4.53216E~-01
4.99282€-01
Se430TSE~0L
S.87180E~01
6.237TT0F=01
6.EBE34E-D]
T.N%643E-01
T.L27%2F-01
T.768C2E-01
8.78719F-01
8,2841TE~-0)
B.65812E-01
8.90832E~01
9,13405€~01
9.33472€-01
G.50975F~01
9.5586BE-N1
9.78110E=-01
9.8TEEAE-OL
9.94511€-01
9.98F26E-01
1.000CQE+00
-4,9T127E~01
=4, B4566E-01
-4 .0994 1E-01
=3.863454E-01

TABLE 11, MODE 4

ZETA-PRIME

5.230468F-02
5,20948F=02
5.17297TE-02
% ,1242KE-D2
5.05048E-02
4.98201€-02

- 4.8914¢E-02

4.7855BE=-02
4,66876E-02
%,53802F-02
4,39482E~02
4.23987€~02
4,0726T€E=02
2,806459E-02
3.,775826=02
2.59488E-02
3,29830F~02
3.080&8E-02
2.85459F-02
2.62067E=-02
2.27956F-02
2.19191E-02
1.87861E-02
1.61975F=02
1.35864E-02
1.08981€=02
8.19987F-02
E.47912E=03
2.74332F=03
1.291826-15%
4.14321E-02
4.35941E-02
4.55571€=02
4.,TI122E-D2

TOPQUE

3,263026+0%

3.2298BE+0%
3. 20TARESQS
3.1TTO4E+(QS

3L,13TECE+OS

3.CB93LE+QS
3,02270E+0%
2.58TT4F+Q5
2.89662E+05
2.8135TE+0S
2. 725795 +0%
2.L£2853E+05
2.52%0C&E+05
2.41446FE+0%
2.25TELE+OS
2.1T42EF+DS
2.06405E+05
1.91002E+05
1.74985€+05
1.62482F+058
1.47532F+CE
1.22178E+905
1e«1E461F405
1.00426E+08
B.411176+08
6. T55B2E+Q4
%.00392F+04
A.39TCFE+Q4

1.70086E+04

8.62937TE~09
3.17T8BE+02
3.24382E+02
3.49418€+03
3.42088E+01

TOPQUE~PRIME

-8,86999TE~08
=1.75B47€=07
=2.542)2€~07
-3,818%2¢-07
-4 ,3852T€E-07
=5,23997E-07
-6,09029€-07
-56.90392E-07
=T.T08560E=07
~§.49212€-07
-9, 25233E-07
—9.90T14E~-D7
=1,0694%E-06
-1+ 13T2%E-D4
=1.20194E-06
-1.263%2E-06
«1.32125E=06
~1,37552F-08
~1.42604E-08
=-1.4T7263F=06
-1.51519¢-06
=1.55358F=0b
-1,587TT7T1E-04
~1.£17488=06
~1.84281E-08
-1.66363E-06
~1.,6T989E=-06
-1.69153E-056
=1.69852E=0b
=1.7008TE-CH

1.72953E=08

1.58144E-00

1.42620NE~08

1.26447E-00



8%T

STATION

2=
2=
-
3~
-
-
-
2
2

e
A
A
2.
3~
.
3

-

A=

3-
-
A=
-
e
A
-
A=
2
A
-
%
A=
3=
A=
A=

2w

44,700
qcaoﬁo‘
46.000
47.000
48,000
49,070
&0.000
%1.000
52.000
53.000
4,000
55.000
£4,.000
57.070
£p,.nC0
%9.000
&0.000
61,000
£2.000
2,000
£e 000
£5.000

L& ,000 7

£7.0170
58,020
69,000
70.000
T1.0C0
T2.070
T2,.000
14,000
15,000
764700
77.000

ZETA

~2,15217€-01
~2.65747F~01
-2,14970E-01
~1.63217E-01
-1.10723E-01
~5,77248E~02
b, 65454F=03
4,88160E~02
1.01975€-01
1.%4472F-01
2.06248E=01
2.57327€-01
3.0T1176-01
3,.5RE14E-01
4,022646-01
4,47251¢=01
4,901758-01
€,30874F=01
5.491436-01
A."8ERE~OY
6.27824F-01
£.5708%€-01
6.9~312€-01
7.18784E=-D1
7,39394E=01
7.56£45E-01
T.70651F-01
T.80777€-01
7.87548E-01
7.90742E-01
7.90247€-01
7.86361€E-01
7.78805€E-01
T.67712€-01

TABLE 11, MODE 4

TORSIONAL MODES OF CYLINDER-SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

ZETA-PRIME

4,88%40E-02
5.01740F-02
5,1265TE-02
%5.21245€E-C2
5.27466E-02
S.31292F~02
£.3270¢6E=02
5.21700E~02
5.282B0F~02
£.22661E-02
£,.18269E~-N2
£, 03TL2E-02
%,90927E-02
§,TRBR3F=N2
§,58677€E~02
4,39389E=~02
« 4,1810%F-02
3,94923F=02
3,6994TF-02
3.43291E-02
2,150TEF-02
2.8%543CE~02
2.544B7F-02
2.27389E-02
1.,89281E=02
1,.533126-02
1.206396=02
8.54177F-02
4.98N82F-03
1.29722E-03
=2.19213E~-03
-5, TT2TRE=02
~9,3265TE~-02
=-1,28381E=02

TORQUE

A.TETICESLD
3,B4B20F+02
3.93202E+03
2.99790E+03
&4,04561E403
§,07496F+03
4,.08580E+03
4,0T809E+02
4,051B%E+02
4,00T22E+02
2,96439F+03
2 BEAELEELD2?
1, T7653EE+02
3,4495TE+03
2,518C1€+02
3.37007E+0?
q.20582E402
3,029C2E+N2
2.82T4EF+02
2.67301E+02
2,415 0E+03
2.18922E+02
1.55189E+02
1.TOSTCE+O?
1.451TEE+O2
1.19122€E+402
9,25291E+02
6.5FLALF+02
3.82024E+02
1.07T1EFE+02
-1.,56B8180E+02
-4, 42TEL&4E+D2
=7.15339E+02

=9.84666E402

TORQUE-PRTME

1,09700€~-08

9.24546E-09

T.47892F-09

5. 46T840E-09

3.85209E=09

2.00827E-09

1.5%327E=-10
=1.4698233E-09
«3,54429F=09
-£,37614E~0%
-7+ 1T964E-09
-B.95252E-09
-1.06348E-08
-1,23€605E=00
~1,39960E-08
=1,554601E~08
~1,T7054E-08
-1 ,86694E-08
~1.98014€-08
~2.10436F-08
-2,21907€-08
-2.,32346CE-08
-2.481T63F=08
~2.,EN0&9E=-0B
=2.5722%E~08
-2.62240E-08
-2.468%4TE-0B
-2.71A24E-08
-2.73992E-C8
=2.75103¢~-08
-2.T4965E-08
=2.T3ST9E=08
=2+ T70950E-08
-2,.6T091E=08



691

STATION

kO
A
T
3-
A=
Y
P
=
D
Tw
P
2

™
-

1=
=
3-
.

=

e P
-

A=
A
2.
2w
A
.3-
.
-
T
A=
A=
R
Bue
A=

- "

78.000
19.0C0
80.nC0
8l.000
82.700
A?.000
84.N00
g% .noo
86,100
8T7.n00n
8B,.N00
89,000
90.000
91.000
92.000
93.000
Q4,000
95.109
96,900
97.000
98.000
99.000
100,000
101,000
102.000
103.100
104,070
108,000
10f .20N0
107.000
108.000
109.000
11¢.000
111.000

LETA

T.53123E-01
TL351346-00
T«13T7¢%E-01
6.89217TE=01
6.61507F~01
£.3A0T94F~01
£+9T215E-01
SeENGIAF=D]
F.22088FE~01
4,8NBTOE-01
4,3T4BTE-01
3.921CTE-01
A.4494TE-01
2.956220F-01
248147 F=01
1.94955E-C1
1.4288NF=01
9.01881F-02
2.702N2€-012
~1.£2821E-02
-6,9%128E-02
-1.22427¢6-01
-1.74T8%E£-01
=2,26251E=01
=2.76880E~01
=2,26169%=0]
=3,739648€=-0]
-4, 2N0E9FE=N1
~4 E4264E-0)
=-5.056350E-01
~5.46136E~01
«5,83442E=01
-&.18101E~01
-6.49952E~-01

TABLE 1ty MODE 4

TORSIONAL MODES OF CYLINDER=SHAFT CONFIGURATION FOR NUMERICAL EXAMPLE

ZETA=FPRIME

-1.62912E-02
-1.94670%F=-02
=2+29604E-02
=2.61461E=02
~2.92131£-02
~3,2147T4E=N2
-2,89259€-02
c=A,7568%E-02
-4.0024LE-02
~&4,2302NE~02
-4 4§38 T4E-02
~&,562711F-02
=4, T9448E~02
~&,9400TE-02
=5.056327E=02
—% o 1563L0F-02
=%, 26012E=N2
—5.29304E-02
=5.32192E~-02
=% 2266LE-02
-5.307T19€E-02
-5 26382F~02
=-5.19615E=-02
=5.10%508€E=-02
~4 . 9908B2E-N2
=4.8R392E=02
=& 69496 E~02
~4,51468E-02
-5§.,31390E-02
-4.09353E~-02
~3,854%TE=02
=3.59010E=02
=3,32529E=02
=-3.037T38E-02

TORQUE

~1,24952E+03
-1,508 T1E+03
-1.TE104E+02
-2.00528E+03
~2,264062E4+03
-2, 4656 TEQ3
=2.&4T9%4E4+D2
-2.B8124F+N3
-3,06985E+03
-3.24452E407
=3,4044TE+02
~3,54895F+03
=3,67731€+407
-3.7T8898E+D2
-3, 8BI4FE+NI
=3.9€02TE+02
-4, MOL2E+N?
-4 ,C*9T1E+07
-4 ,081BTE+Q2
~4,08549E+02
-4 .,0705€E4+C3
-4.02TL5E+Q2
-1,GR540F+03
-3,91555E402
-3,82792€E403
-3,72251E+03
=3, L0NGGELNY
-3, 462726403
-3,30872F+03
-301397CE003
«2.95541E+03
-2.1597CE+03
=2,8%045E+03
—2.329C4E+0)

TORQUE=PRIME

-2,62018F-08
-2.%55758E-08
~2.48323¢€-08
=2.39782E=-08
~2.30141E-08
-2.1945£E-08
-2.07TTT4F-08
-1.9%149E-08
-1.81437E-08
~1.4T300FE~08
=-1.,52204E~08
-1.36416F~-08
=1.20009E~-08
~1.03056E~08
~B8.54538TE=Q9
~£,18262E-09
~&4 , STRBTE-09
~3,12454E~09
-1,28T9%E-0%
R 6A498E~1D
2.41838E~09
&.25929E=09
&.CBORTE-09
T.87604E=09
9.6220TE~09
1.12476E-08
1.2h105E=08
1.65144E~08
1.61519€E-08
1.761515-08
1.90003E=08
2.02903E-08
2.15040E=08
2.26121€E-08



081

STATION
-Nn
A= G4
A= IR
2= T4
3- 77
2- 78
3= 79
3- 80
3= 8)

112.000
113,000
114,700
115.00N0
116,000
117.000
118.000
119.000

~12¢.000

2ETA

-6, 78852E-01
~T,N4E69F-01
=7.272865-01
=T F01E-QL
=T.6252%5E-01
~T.T4SRTE-01
~T.83930E=01
-7.89312E-01
-7.91110E=01

TABLE 11, MDDE 4

TORSIONAL MDDES OF CYLINDER-SHAFY CDNF!GURATION FOR NUMERICAL EXAMPLE

ZETA-PRIME

-2, TISA4TE-02
«2 42154E-02
-2.09£41E-02
-1.76176E~02
=1.41911E=02
-1.07T001E-02
=T+1505LE-03
=3 ., 58844E~03

2.33199E=16&

TORQUE

-2,09822E+03

=1,8%720E+0Y

+~1.60793E+03
-1.235126F+03
=1,0834TE+0Q2

~B8,20591E+02

=5.49208E+02
~2.15230E+02
1.T8861E-11

TORQUE-PRTME

2.36174E-08
2.45158E-08
2.%3N26E=-08
2.59T45E-C8
2.552B6E=08
2.595622E-08
2.T727123E=08
2.T460%E-08
2.75231E-08



161

SNAMY
INCHX
1)
EMIN
PLTZ
PLTZPR
NZAPR
MPLT
PLYY
NPLTT
TMIN
IPMINY
DZP1
IPMINZ
nzp2
IPMING
D2P3
oTyY
PLT™
NMIR
MIRMIN
DMIR
PLYZIR
PLTAE

PLTIG

8y

0. 15E+02,

0.00

N :

1

1y

O

1y

1e
0.43164351072729=124,

Te

| )

1y

Ty

1y

1+
0.223736823230271-217,
e

1e

Te
0.112790980T2731E~4T,
1y

‘ 0,

1



zSt

NMAESG = 1,
AINTH = =0.466120%824T686+248,

DAL )G a 0.22452527121716~217,

¢END
TOTAL NUNBER OF PLOTS = 9



