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SUMMARY

The objective of this study is to determine t@e effect of an attached
concentrated mass on the dynamics of helicopter rotor blades. The transmission
matrix method is used to determine the natural vibrational characteristics
(natural freguencies and mode shapes) of rotor blades. The problems treated
are coupled flapwise bending, chordwise beanding, and torsional vibration: of .
a twisted nonuniform blade and its special subcase pure torsional vibration.

The point trangmission matrix for the attached concentrated mass at aﬁy spanwise
and cherdwise locations is derived. The orthogonality relations that exis£
between the natural modes of rotor blades with an attached concentrated mass

are derived. Completely automated computer programs for determination of the

natural vibrational characteristics are developed. Fcr computational efficiency

and users' convenience the following three separate programs are developed:

1. For determining the natural vibrational characteristics of twisted
nonuniform rotor blades undergoing-coupled flapwise bending, chordwise bending,
and torsional vibration with the provision of an attached point mass at any

spanwise and chordwise locations;

2. For determining the natural vibrational chracteristics of twisted
nonuniform rotor blades undergoing coupled flapwise bending, chordwise bending,

and torsicnal vibration without the provision of an attached mass; and -

3. FPFor determining the natural vibrational characteristics of rotor.

blades undergoing pure torsional vibrations.

The effect of the following parameters on the collective, cyclic, scissor, and

pure torsional modes of a seesaw rotor blade is determined:
1. Effect of collective pitch,
2. Effect of rotation,
3. Effect of magnitude of point mass,
a. Spanwige location ¢f point mass, and
5. Chordwise location of point mass.

The listings of the computer programs developed and a sample output are given.



INTRODUCTION

Helicopters cperate in a severe‘vibrational enviromment. The vibrations
result from mass unbalance, dynamic runout of rotors, torsional vibrations '
of branched systems, critical shaft conditions, whirl vibrations, etc. The
vibrations also result in helicopters due to the fuselage controls and append-
ages in addition to the complex aerodynamically induced vibrations. Further,
the rotor blades are subject to aeroelastic instability problems like
divergence and flutter. These problems are becoming more and more important
since rotor blades are becoming larger and thinner. It is important to N
maintain a low level of vibration in helicopters for the comfort of the crew
and passengers, to minimize maintenance problems, and to increase the fatigue
life of the blades. The determination of natural vibrational characteristics
(natural frequencies and associated mode shapes) is an important part of the
vibration analyses of helicopters. They are required to eliminate the
resonant responses of the blade, and they are also widely used in the series
solutions of the response problems. Furthermore, the natural vibration
characteristics are of extreme importance in flutter problems and are the

basis of nearly all practical flutter analyses.

In this report the natural vibrational characteristics of rotor blades
with an attached point mass (at any chordwise and spanwise locations) are
determined using the transmission matrix approach. For instance, the attached
mass could be a sensor for measuring the angle of attack at any spanwise
station. The effect of an attached mass on the natural frequencies is
determined. For this purpose the continuous model of a twisted nonuniform
blade Qith coupled flapwise bending, chordwise bending, and torsiocnal degrees
of freedom is considered. Completely automated computer programs for deter—
mination of the natural vibrational characteristics are developed. For the
computational efficiency and users' convenience the following three separate

computer programs are developed:

1. For determining the natural vibrational characteristics of twisted
nonuniform rotor blades undergoing coupled flapwise bending, chordwise bending,
and torsional vibrations with the provision of an attached point mass at any

spanwise and chordwise locations;



2. For determining the natural vibrational characteristics of twisted
nonuniform rotor blades undergoing coupled flapwise bending, chordwise bending,

and torsional vibrations without the provision of an attached mass; and

3. For determining the natural vibrational characteristics of rotor

blades undergoing pure torsional vibrations.

Holzer originally employed the transfer matrix method for approximate
solutions.of differential equations governing the torsional vibrations of
rods, and the method is generally known as the Holzer's method (ref. 1}). A
method quite analogous to the Holzer's method was originated by Myklestad for
the treatment of beams (ref. 2). The applicable equations were rearranged and
simplified by Thomson to permit a systematic tabular computation and to
extend the applicability of the method to more general problems (ref. 3). One
of the earliest applications of the transfer matrix method was also the steady-
state description of four terminal electrical networks, in which case the
method is commonly designated as "four-pole parameters."” Molloy (ref. 4) was
one of the first to systematically apply four—pole parameters to acoustical,
mechanical, and electromechanical vibrations. Pestel and Leckie (ref. 5) have
catalogued transfer matrices for uniform elastomechanical elements up to
twelfth-order. Rubin (refs. 6, 7) has extended the application through a
completely general treatment. Transfer matrices have been applied to a wide
variety of engineering problems by a number of researchers, including Targoff
(refs. 8, 9), Isakson (refs. 10, 11), Lin (iefs. 12, 13), Mercer (ref. 14),
Mead (refs. 15, 16), Henderson (refs. 17, 13), McDaniel {refs. 19, 20), and
Murthy (refs. 21 to 25) for application to rotor blades, stiffened beams,
plates, sﬁells and stiffened rings, etec. Most of the literature except

references 21 to 25 deals with the discrete models of the continuous systems.

In the present report, the transmission matrix method is used to obtain
the natural vibrational characteristiecs of the rotor blades with an attached
point mass at any spanwise and chordwise locations. The point transmission
matrix for the concentrated mass on the rotor blade at any spanwise and
chordwise locations is derived. The transmission maérix for the continuous
system is obtained by using the précedure described in reference 25. For

completeness the derivation of the orthogonality relations that exist between



the natural medes which is given in reference 25 is included in the present

report with a modification to account for an attached concentrated mass,

[A]

Bi, B2

EI

EXs

€Q

m

M3

NOMENCLATURE

coefficient matrix of first-orxrder differential eguations
section constants (defined in reference 26)
semichord at the root

chordwise distance of the attached concentrated mass from the

shear center, positive towards leading edge
flapwise bending stiffness
chordwise bending stiffness

distance between mass and elastic axes, positive when mass

s

axis lies ahead of shear center

distance between area centroid of tensile member and elastic

axis

distance at root between elastic axis and axis about which

blade is rotating

torsional stiffness

polar radius of gyration of cross-sectional area .effective 'in

carrying tensile stresses about elastic axis

pelar radius of gyration of cross-sectional mass about

elastic axis k-2 =k 2+ x 2
mt my m2

mass radius of gyration of the cross section about the chord

mass radius of gyration of the cross section about an axis

perpendicular to the chord passing through the shear center
magnitude of the attached concentratad mass

resultant cross-sectional moments about x, y, and z directions
respectively, Mx = twisting moment, My = flapwise bending

moment, MZ = chordwise bending moment



m mass per unit span

R span of the rotor (from axis of rotation to the tip of the
blade)

T tension in the blade

[T] transmission matrix

t ' time

Vy, Vz shear force in y and z directions respectively

v - amplitude of simple harmonic lateral displacement in the

plane of rotation, positive in the positive y-direction

W amplitude of simple harmonic lateral displacement normal to the

plane of rotation, positive in the positive z-direction

XM spanwise location of the attached concentration mass

X, YV, 2 right-handed Cartesian coordinate system which rotates with
the blade such that the x-axis lies along the undeformed
position of the elastic axis, v and z are cross-sectional
axes, y-axis is positive towards the leading edge, z-axis is

positive vertically upwards

{z} state vector

B blade twist prior to deformation

v slope of the deflection curve in the plane of the rotation

b amplitude of simple harmonic torsional deformation, positive

leading edge upwards

P slope of the deflection curve normal to the plane of the
rotation

] angular velocity of rotation

w frequency of vibration

SUPERSCRIPTS

/ differentiation with respect to argument



° time derivatives
- nondimensional quantities

T transpose of the matrix

SUBSCRIPT

0 reference quantities, say at the rdot

DERIVATION OF TRANSMISSION MATRIX OF CONTINUOUS SYSTEMS

For linear systems, the state vector satisfied a differential equation

of the following form -
9tz = AE] {z()} (1)
=

By definition of the backward transmission matrix
{z(x)} = [T{x)] {z(0)} (2)

Differentiating this equation with respect to x gives
&z} = (] {20} (3)
ax dx

From equation (2) it is obvious that
{z(0)} = [T(x)]7! {z(x)} (4)
and the inverse of & transmission matrix always exists since the determination

of a transmission matrix is unity. Substituting equation (4) into eguation

(3), the fcllowing relation is obtained

S zmr =% me] @I @) (5)



Equating equations (1) and (5) yields
(] {20} = & 0] (117 {200)
or
(g;—[T(X)] [T(X)]’l - IA(x)}) {z(x)} = {0} (6)

since equation (6) must be satisfied for all values of % and for all wvalues
of =z , it follows that [A(x)] = %; [T(x)] [T(x)1~! . Then postmultiplying
both sides by [T{(x)] gives

4 .
= T = (2] [T(x)] (7}

Therefore, the transmission matrix is given directly by the solution to
equation (7). By letting x go to zero in eguation (2), the required

initial condition becomes
[T(0)] = [1] , the identity matrix (8)

If equation (7) is solved as a coupled set of first-order differential
equations, then eguation (8) provides the sufficient number of initial

conditions,

BASIC EQUATIONS

The basic differential equations of motion for combined flapwise bending,
chordwise bending, and torsion of twisted nonuniform rotor blades are derived
in reference 26. Using the transmission matrix formulation of the general
case, the natural frequencies of subcases can be determined. These subcases
arise if some‘'degree of freedom is decoupled from the combined flapwise

bending, chordwise bending, and torsion by virtue of some parameters being



zero. Unfortunately, the mock shapes of the subcases cannot be determined
from the formulation of the general case, so the subcases must be formulated
separately. The differential equations of motion for simple harmonic free

vibrations with frequency, ® , are listed below with

= = = = = Q0
kA By By € e

s -

Case I: Combined flapwise bending, chordwise bending, and torsion

~(GT$') ' + Q%mxe(~v' cos B + w' sin 8) + Q%me sin B v

2 2 1 2 2yt 2
+ £ m(ka kml) cos 2B ¢ - w mkm ¢ (9)

+ wzme(v sin 8 ~wcecos B) =0

[(ET] cos? B + EIp sin? B)w" + (EIs - EIj)sin B cos B v"1"
- (Tw*) ' ~ (2%mxed cos B)’ (10)

- wzm(w + ep cos 8) = 0

[(EI, - EI;) sin B cos B w" + (EI] sin? B8 + EIs cos? B)v"I"
- (Pv') ' + (2%mxed sin B)' + 0%med sin B (11)

2mv-= 0

-~ w’m(v - ep sin 8) - Q
T + Q%mx = 0 (12)

Case II: Pure torsion (e = B = 0)

- I 2 2 _ 2 - 2 24 .
(GTe")" + @ m(km2 km1)¢ w mkm ¢ 0 (13)

For the determination of the transmission matrix, it is required to reduce
the governing differential equations of motion to a set of first-order
differential equations. The following state vectors are chosen for this

purpose.



Case I: Combined flapwise bending, chordwise bending, and torsion.

T
{z}" = I_Wr v, ¥, v, MX' MZ' Myt "Vyr -VZJ

Cage II: Pure torsion
T _
{z}" = L?, MXJ

The components of the state vector, {z} » c<an be chosen in several
ways, but they are chosen here such that they represent the physical quanti-
ties of deflections, slopes, moments, and shears. This is not absolutely
required, but highly preferable for the application of transmission matrices
to obtain the natural vibration characteristics. For simplication of the '
numerical computation the differential equations of motion are non-

dimensionalized as shown below

- %
=g
g=8
=2
= B

k 2

my

K2 =

1 b02

k 2

Mg

k;lZ —_—

2. b02

kmz

kr-nZ LI

b02



.szoRli'

Q2 = ——=— o
Biig for Case I

QQIIIORL}

= ——— or I
& £ Case I

R

‘L:)“zmoRL!'

= ﬁ for Case 1

IZHIORL*

w2 = e for Case 1T

W = m/mg

The nondimensional elements of the state vectors are defined as shown below

ToY
bo

T
_bO

- _ lPR

I bo

— VR

v o= —
bo

b =0
‘MXR:'}

Mx=——-— for Case 1

EI10b02



The resulting first-order nondimensional equaticns are given below.

10

2| MEE

<]

Ve

Case 1:

for Case IT

EIigbo

¥ R?
A

EIigbg

v »®
y

ET1gbg

v RS
z

EILjgbg

Combined flapwise bending, chordwise bending, and torsion.

dw -

— =y

dx

dv  —

—=V

dx

% = —CZEI]_OEZ + CIEIIOE
a= Y
av — —
= ¢3EIjgM_ - cpEIjgM
ax z b4
— 2

as EIjobo” _
=M

ax GIRZ

{14a)

(14b)

(lde) -

(144)

{(14e)



T—=-—(:E€COSB;\T~+ (W% + 2%)me sin 8 v
dx

+ 0%mxe cos B U ~ (“mxe sin B v

{(14f)
+ [@%m(k 2 - k %)cos 2B - wlmk 2]¢
mo m] m
am’ B
—_—=T\)—§22mex sin B ¢ -~V {(14q)
ax Y
am
'ffz = T) + O%mex cos B & — ﬁ; (14h)
dx
=
-—L = @ + P)mv - @2 + %P)me sin B 9 (144)
dx
av
- —2 = w’mw + w’me cos B § (143)
dx

Case I1: Pure torsicn

- M (15a)
dx gz ¥
dﬁx
—= = @%nk 2 - k 2) -~ 2%mk 2]é (15b)
— my
dx
where -
;%)
Cy = *B—
Al2
C2 = 3~

11



A11

D = Aj31A0 - le122

i}

Aji = EIj cos® B + EIp sin? B

(EIz; - EI1) sin B cos B

Alz
Ao = in2 2
20 = EIy sin® 8 + EIp cos” B

— TR2
BIjq

Equations (14) and {(15) will define the elements of matrix [A] in equation
{7) for the evaluation of the transmission matrices of Cases I and IX
respectively. The required initial conditions are given by eguation (8).

The nondimensional form of equation (12) is as shown helow

&L | % = 0 : (16]

DERIVATION OF THE POINT TRANSMISSION MATRIX FOR A
CONCENTRATED MASS ON A ROTOR BIADE

A concentrated mass is assumed to be attached by a rigid massless bar

along the chordline of an airfoll section of the blade as shown in figure 1.

12



where
Y.
Let x,
coordinates,

%1

=
il

Figure 1. Airfoil section with attached mass.

attached mass

o
il

A
1

8 = twist 9f the blade

.

2z = wndeformed coordinate system

Inertial Accelerations

¥, 2 be undeformed coordinates and xi,

and these are related by

adv

=xtu-y——--z <

az

shear center of the cross™section

dw
dx

Yir

21

distance of the mass from shear center along the chordline

be deformed

(17a)

i3



y1=Yy + v~ z¢ (17b)
zZ1 =2 +w+ y¢ (17c)
Let X, Y, 2 be a nonrotating coordinate system and x, ¥, 2 be a rotating

coordinate system, and i, j, Xk be unit vectors along X, ¥, 2 directions

respectively. The position vector r can be expressed in terms of the

rotating cocrdinates and nonrotating unit wvectors as shown below (see

figure 2 also).

¥1
A}
21, 2 Y
\
Y1 ¥ \ X
/7 -
A\
/7 \
\
/ \ -S-;\ ¥i
e t
y \ Y \\ ~%1
/ \ ~
/ \ -7
/7 \ ‘}'\'//
/, - -—"'"‘x1 \ -
"X =1x; cos Qt — y] sin Qt
Y = x3 sin Qt + y; cos Qt

Figure 2. Rotating and nonrotating coordinate systems.

tH

iX + jY + k%

oxr

s

i(x] cos it - y1 sin Q) + j(xy sin @it + y3 cos Q&) + kz)

Differentiating this equation with respect to t gives

14



¥ = i(¥%; cos Qt - 20k sin Qt - 0%x] cos Qt - ¥; sin Ot
- 20¥7 cos @t + @%y1 sin 9t)
+ j(%1 sin Q¢ + 2Q%1 cos {it - Q%x; sin Qt + ¥1 cos Ot
- 2Qyq sin Ot - szl cos Qt) + kZ;
Acceleration components with respect to the rotating coordinate system
(X, ¥, 2) are given by substituting §t = 0 in the above equation. Denoting
these components by as aY and a, in %, yr 2z directions respegtively,

the following relations can be obtained

a_ =¥ - 9%x; - 20%;

20%; + ¥1 ~ 0%y

u
li

o
]

2

Substituting equation (17) in these acceleration components yields

a =it - y¥' -zt -0 (x+u-yv - zw') - 20V - 2¢)

X
ay = 200 - yv' - zw') + ¥ - zg ~ %y + v = zd)
a_ =W+ yé

By neglecting the small components of usual helicopters the following

acceleration components are obtailned

a = -RZX {18a)
X

a = $ -z - Q2(v + v - zd) (18b)
a =W+ yd {(18c)

15



From geometry of figure 1, it is obvious that

d cos B (1%a)

v
]

d sin B (i9b)

N
I

Substituting equation (19) into equation (18), the following acceleration

components acting on the concentrated mass are obtained

a = -02x . (20a)
ayé'x}—dsinsai-92(v+dcoss-dsins¢) (20b)
az='v}+dcoss'43 - (20c)

Force Equilibrium Egquations

The free-body diagram of a small element across the concentrated mass is

shown in figure 3. For clarity purpose only forces are shown.

R
v
Az
| T
A R
v
4
“Ma
L
T 4 R
- -
-Ma
X
.
¥

v

FPigure 3. Free-body diagram for forces.

16



For force eguilibrium the following relations must be satisfied

= o 4 M
X
vR=vL-!:Ma
Yy Y Y
R
v =V + Ma
v z

Substituting equation (20} in the above equations and assuming simple
harmonic free vibrations with frequency, w , the following equations can

be obtained

T = T - ME%x (21a)

v? = v; - (w2’+ %)My + (02 + 92)Md sin B 6 (21b)

Vi = Vi - 0%Mw - 02M3 cos B o] (21c)
- Inertial Moments

From figure 4 the following relations for inertial force vector and

position vector can be written

-Ma
z

B+ ¢

Figure 4. Inertial moments and position vector.

17



thd
i

-iMa - jMa_ -kMa
~Tx vy ~ =

H
]

jd cos (B + ¢) + kd sin (B + ¢)

or

tH
it

jd(cos B - ¢ sin B) + kd(sin 8 + ¢ cos B)

for small angles of ¢ . The moment vector about the shear center 0 is

given by
M, = DA = 3+ My + g
where
M; = -MdI{cos B - ¢ sin B)aZ - (sin B + ¢ cos B}ay]
Mo = -Md(sin 8 + ¢ cos B)ax
M3 = Mi{cos B - ¢ sin B)ax

Substituting equation (20) in the above inertial moment components and
neglecting the nonlinear terms the following eguations are obtained for

simple harmonic free vibrations with frequency, ® .

M = wZMd cos B w~ (m2 + Qz)Md sin B v

(22a)

+ (02Ma? - Q2M32 cos 28)¢
My = Q2Md cos B x ¢ (22b}
M3 = 0°Md sin B x ¢ (22¢)

18



Moment Equilibrium Equations

The free-body diagram of a small element across the concentrated mass

is shown in figure 5. For clarity purpose only moments are shown.

A .
A M3
AR
e AM,
¥
ML Mo MR
X x
My o
£ M
vML
Y 2
Figure 5. Free-body diagram for moments.
For moment equilibrium the following relations must be satisfied
- MR = ML - Mz
X p'e
MR = ML + M2
Y Y
I,
M: = MZ -~ Mg
Substituting equation (22) in the above moment equilibrium equations
R L .
Moo= M- w?Md cos B w + (w2 + Q2)Md sin B v
(23a)
+ (—szd2 + 02Ma2 cos 28) ¢
R
u, = M;' + 22Md cos B x ¢ (23b)

19



ME = Mi - 92M3 sin B x @ (23c)

Point Transmission Matrix

Equations (21) and (23) can be put into a trangmission matrix form across
the concentrated mass by noting that the deflections and slopes are continuous
across the mass. The resulting transmission matrix after nondimensionalization

is as shown on the following page [eg. (24)] when

g-=3
b
M=
mgR
X = §-= spanwise location of the mass.

Case IT: For this case the point transmission matrix reduces to the

following equation:

Y 1 0

¢
= (25)
M (~w?2 + 02)Ma? 1 M
X R b:o

NATURAL VIBRATION CHARACTERISTICS

Natural Frequencies

The overall transmission matrix of the blade without the attached mass
is obtained by integrating the differential equations given by equation (7)
together with the initial conditions givep by equation (8). The integration
proceeds from x =0 to x =1 . The matrix [A] in equation {7) is the
coefficient matrix of the first-order differential equations of motion, and

it is obtained from equation (l4). The coefficient T appearing in
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0
0

(w2+ §2)M
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1
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-Q%Md sin B x

O2Ma cos B x
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©?Ma cos B
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equation (14) is obtained by solving equation (16) together with the initial
condition '—f(:_{' = 1) = 0 . The overall transmission matrix of the blade when

a concentrated mass is attached can be obtained as described below.

Let Xy be the spanwise location of the attached mass. Equation (7)
is integrafed from x=0 to x = ;ﬂ utiiizing the initlal conditions given
by equation (8}. ILet [T;] be the transmission matrix up to the point (xM)

and represent the transmission properties of the system from x=0 to

X = ;g- . The point transmission matrix of the attached mass is computed from
equation (24), and le§ it be denoted by [TM] . Eguation (7) can again be
integrated from x = Eﬂ to x=1 utilizing the initial conditions given by
equation {8)}. Let [Ty] be the resulting transmission matrix and represent

the transmission properties of the system from §'=‘§g to x=1 . Then by

using the product rule of the backward transmission matrix, the overall

transmission matrix of the system can be obtained from the following equation

(7] = [To] [TM] [T3]

. _ I
While integrating eguation (7) from x =0 to =x - to obtain transmission

matrix [T7] , coefficient T is obtained as usual b? integrating equation (16).
But this coefficient should be increased by a constant amount ﬁzﬁﬁﬁ to

account for the tension in the blade due to the attached mass. While integrating
equation (7) from x = §£ to x = 1 this increment in the tension will not

be required. This fact is reflected in equation (21a) which is not utilized in
obtalning the point transmission matrix given by eguation (24). A similar
Procedure can be used for Case II also when a concentrated mass is attached to
the blade. Having obtained the overall transmission matrix of the system

either with or without the concentrated mass the frequency determinant can

subsequently be obtained as discussed below.

The freguency determinant is dependent on the boundary conditions of the
system, and the following three sets of root boundary conditions are assumed

for collective, cyeclic, and scissor modes of a seesaw rotor blade.

M-=M =M =V _=V_ =0 at = =1 (tip of the blade) (26a)
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Collective Modes

(26b)
(root of the blade)

Cyclic Modes

) ¢
¥ x ¢ (26¢)
{(root of the blade)

Scissor Modes

* v (26d)
{root of the blade)

By definition of the backward transmission matrix one can write

=) r'a,\

<
< |

) (27)

=l Bl el < =l
ol
< |

i
L
& =

g

&
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where Tij represents the (i, j) th nondimensional element of the transmission
matrix from x =0 to x =1 . The freguency determinant corresponding to
céllective modes is obtained by substituting the tip boundary conditions given
by equation {26a) into the output state vector (x = 1) and the root boundaxry
conditions into the input state vector (x = 0) . This substitution yields

five homogeneous equations,‘and the determinant of the coefficient matrix of
these egquations must vanish for nontrivial solutions. The resulting frequency

determinant is given by the following equation

Toy Tes k¢Tss . Tgg Tg9 Te10

T7y Ty75 = k¢T7s T78 Tyg T710

Tg Tgs - k¢Tae Tgg Tgg Tgip = 0
Tqy Tg95 = k¢T96 Tgg Tgg Ta10

| T104 T105 - k¢T106 Ti0s Ti09 Ti010

where E@ is nondimensional control system spring rate defined by

kyR3
= ——9—-E-. This represents the resistance to unit torsional deformation
¢  ETiobo

due to tontrol systems. By using a similar procedure the frequency determi-—
nants corresponding to the cyclic and scissor modes can be obtained, and they

are given below

For cyclic modes

- (Te3 Tes ~ k,Tes Tg7 Ts9 Te10 |
T73 Tys = EgT7s T77 T7g T710
Tes Tgs — E;ste Tg7 Tgg Tgio [ =0
Ta3 Tgs -~ E-¢T96 Ta7 Tag Ta10
| T103 Tios ~ E(I,Tloz; Ti07 Tio09 T1010]
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For scissor modes

Tgs — k¢Tss Te7 Tgg Tg9 Ts10

Tys5 - %Tm ' T77 T7g T79 T710

Tgs ~ %Tss Tg7 Tgsg Tg9 Tg1p =0
Tos — %Tee Tg7 Tag T9g Ta19

| Tios - E¢T106 T107 Ti08 T109 T1o10]

For pure torsional vibrations the boundary conditions, the transmission egquation,

and frequency determinants are given below

Boundary conditions

M =0 at x=1
x
Mx = —k¢¢ at x =0

Transmission equation

9 T11 Ti2

-
o= {

M Ta1 T22

Frequency equation

To1 — E¢T22 =0

The frequency determinant is a function of frequency ® , the solution of which

vields the natural frequencies.

Mode Shapes

Having determined the natural freguencies, the associated mode shapes

can be obtained subsequently in a straight forward manner. To determine the
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natural frequencies the overall transmission matrix (i.e., X=0tox=1)

is required. For determination of the mode shapes the transmission matrix as
a function of x is required. The transmission matrix as a function of x. .
for a blade without the attached mass can be obtained by integrating eguation
(7) together with the initial conditions. If a numerical scheme is used for
this purpose, the transmission matrix is known at various stations along the
span. The transmission matrixz as a function of x for a rotor blade with an

attached concentrated mass can be obtained as described below.

Let Xy be the spanwise locaticn of the attached mass. Eguation (7) is

integrated from x =0 to x = Xy together with the- initial conditions given

by equation (8). ZLet ;[Tl] 0 be the transmission matrix from x = 0 , to
x(x < 3:;) . The matrix EM[THO will be the same as matrix [T;] defined undexr
Natural Frequencies. Let [TM] be the point transmission matrix of the attached

mass. Eguation (7) can again be integrated from x = Xy to x=1 utilizing
the initial conditions given by equation (8). Let ;[Tzl;M(;;; < x > 1) be
the resulting transmission matrix. Then the transmission matrix as a function
of x for the blade with an attached concentrated mass is given by the
following equaticns

[T()] = ZIT1ly » 0<% <X

[T(0)] = L2l (T,] 7 [Tl » X

M M

A similar procedure is used to cbtain the transmission matrix as a function

of '; for Case II also.
Case I:
Collectivae Modes

From the definition of the transmission matrix, one can write the

foliowing equation
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s

I}
2|

v,

w
v v
v v
v v
¢ - ¢
(_ ) =men - (28)
M ¥ M :
Xz 4
u M-
zZ Z
M M
Y Y
v -V
¥ y
v, | __ v, | _
. J x=x . ./ x=0

By substituting the root boundary conditions givéen by equation (26b) into
the input state vector (§'= 0) of eguation {(28) and extracting the first,

second, and fifth rows and arranging in a matrix form:

C )
- nqu(;) T1s(x) — _}:¢T16(;) T1g({x) Tig(x) Tllo(;)- ¢
v = T (x) T2 - Eq;'fzes (x) Tag(x) Taa(x) Taig () \ uy %
B == ‘qu(z) T55 (%) - Eq;r'['ss (X) Tsg(x) Tse(x) Tsig (;)_ —F}f
‘ L—VZ.J *=0

(29)

By substituting the tip boundary conditions given by eguation (26a) into the

output state vector (x = 1) and the root houndary conditions given by
equation (26b) into the input state vector of equation (27) and extracting
first and sixth to ninth rows of the equation while assigning wix=1) =1,

the following eguation is obtained
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T1y
Toy
T74
T8L

Toy

T65
T7s
T8s

Tgs

-

T1y
Tey
T7y
Tgy

Toy

By substituting this

<] =|
I

|
!
i

-qu. (;i-)

Toy (%)

Toy (%)

Tig
Tes
T78
Tgs

Tgg

T15 — k. T1g
]
Per - K, T
65 4766
Tyg = k¢T7s

Tgs ~ k¢Tss

Tgs ~ k¢T96

Tig
Tg9
T79
Tgo

Tg9

Tis
Tss
T78
Tegg

Tgg

T110
Te10
T710
Tg1p

Ta10

T19
Tgg
T79
Tgo

Tgq

7 -1
Ti10] -

Ts10

T710 ﬂ

Tg1o0

Ta10

(011

@21
031 >

GLl

@51

equation into equation {29), it is obvious that

Ti5(x) - k

T25(§) - k¢T25 (x)

T55(;) -k

Tis (x)
To3g (;)

T5g (x)

T19 (x)
Tag (x)

T59(x)

The mode shapes can now be computed from equation (32).

T110(;)
T?,IO(;)

T510 (%)

G21
J @31

Oy

(a11)

(30)

(31)

F (32)

a5l
-

If the differential

equations of motion [egs. (9), (10), and (11)] are decoupled by virtue of

gome parameters being =zero, then the freguency equation will turn out to

be the product of frequency equations of the uncoupled systems so that the

eigenvalues of the uncoupled systéms can be obtained from the coupled

formulation.
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singular and hence

cannot be inverted.

As a result, the mode shapes of the

uncoupled modes cannot be determined from the coupled formulaticn.

By adopting a similar procedure for cyclic and scissor modes of Case I

and for Case II, the following equations can be obtained for'the determination

of the mode shapes

Cyclic Medes:

w T13(;)
v = I T23(x)
roll BN
¢ == | 53{x)
where
O ) -
G2 T3
Gaa Tez
< G32 > = T73
Gyo Tg3
a52 Tg3
. —/ 1 b
Scissor Modes:
— r —
w T15(x)
v = | To5(x)
¢ — _TSS(X)

Ty5(x) - k¢T16(§) Ty 7(x)
Tos5 (%) - §¢T26 (x) Tz7(x)
Ts5(x) - E¢T55(§) T57(;)
T15 - E¢T16 Ti7 Tig
Tgs = E(p"-‘es Te7 Ty
T75 = %T?s T77 T79
Tgs - %Tss Tg7 Tgo
Tgs - %T% Tg7  Tog
- E¢T16 (x) T17(x) Tig(x)
- E¢T26(x) Ty7 (%} Tpg(x)
- X Tsg(x) Ts7(x) Tsglx)

T19(;) T]_lo(;)

Tog(x) T21p(x)

T5g(x) Ts1g(x)

a-1

Ti10 lw
Tg10 0

" T710 < 0
Tg10 Y

T 0
910 | o 0
'I']_g(;) Tllo(;)
Tog(x) Toiq(x)
T5q9(x) Ts51g(x)

%352
{asa

%y2

52

w

(0"13

¢23
G33

%y 3

53
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where

'\ N — : N N
r0¢13 T15 - k¢T16 Ty7 Ti1g Tig Ti1p (1
©23 Tgs - k¢Tss Te7 Tgg Tsa Te1o0 0
< a3z ) = |T75 - k¢T7e Ty7  T7s  T7g9  T7i0 < 0 >
oL 3 Tgs - kq,Tas Tg7 Tgg Tg9 Tgig 0
a - k,T T T T T 0
%53 | Tgs — K,T96 97 98 99 910 (©J
Case II:

b(x) = P11(x) - k¢T12(3£)

ORTHOGONATLITY CF NATURAL MODES

The governing differential eguations of motion given by equations (9),

(10), and (1ll) can be expressed in operator notation as follows

Lii 9l + Eyolv]l + Lyglw] = m2mkm2¢ + w?me 5in B v

(33)

+ 0?me cos B w
Lp1[6] + Lo [v] + Loglwl = w?me cos B ¢ + wmw (34)
L31 {61 + L3a[v]l + Lazlw]l = - w?me sin 8 ¢ + w’mv (35)

where
d a2 2 2 2
In; 5 = (GF)' = - GF — + @°m(k < = k <) cos 28
dx ax? mpy M
Ljs = - Q%mxe sin B g}-; + 9%me sin B
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- d
Liz = R%mxe cos B =
Lo = —{(Q%mxe cos B)' - 9°mxe cos B g;
2 3 &
LzzEA"—""-"d +2A'L+AL’
ax dax’ as*
2 3 L 2
Lipg = B" & som & i3 %4 o%m %z-- p I
. ax? dx ax™ dx2
L3; = Q%me sin B + (2%mxe sin B)' + 0%mxe sin B g;
3
Lgp = C" T ———-+ 22z & =5 - 23~ o2y
dx dx axt dx?
L3z = Loz

& = {(EI, — EI;) sin B cos B
- 2 s 2
B = EI] cos“ B + EI, sin“® B
¢ = EI; sin? B + EI, cos? 8
Let mr and W be two distinct eigenvalues and (¢r, v&, wr) and (¢S, ver ws)
be the corresponding eigenfunctions resulting from the solution of the problem

described in equations (33), (34), and {35). The eigenvalue problems can be

written as

L11[¢r] + le[vr] + L13[W£] 2mk 2¢ - o, me sin B v

{36)
+ w 2me cos B w
r r
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2 2
w “me cos B ¢r + 0 “mw (37)

[]

L21[¢r] + ngivr] + L23[W£]

2

- . 2
L31[¢r] + L32[vr] + L33[W£] w _“me sin B ¢r + 0 “mv_ {38)

- 2 2 - 2 .
L11{¢s} + le[Vsl + L13IWS] =, mkm ¢s w_“me sin R v,

} (39)

+ w %me cos B w

s s
L2109 1 + Laalv ] + Lpslw ] = w_“me cos B b + mszmws (40)
L3104 1 + Laalv_] + Lgglw ] = —-mszme sin B ¢_ + mszmvs (41)

Multiplying equation (36) by ¢s and eguation (39} by ¢r , subtracting one
result from the other, and integrating both sides of the egquation between

0 to R 'yields

R
jc; (6 L1108 1 + ¢_Lialv ] + ¢ _Lizlw ]

9 Lu1le ] - ¢ Liplv ] - ¢ Taslw ldx

R
E— 2 _ 2 2
= w2 -w? fo mk %6_6_dx (42)
R
+ Jg (-wrzme sin B vr¢s + wrzme cos B wr¢s

s 2
+ si - w
wszme n B vs¢r w_“me cos B s¢r)dx

Using a similar procedure on eguations (37) and (40) and on equations {38)

and (41) the feollowing two equations can be obtained
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R
f(; (wstl I‘Pr] + WSLzz [vr] + WSLZS [Wr}

w Il ] - wiloplv ] - w Lpglw ])ax
R {43)

2 _ .2
(mr ws) _L; mwrwsdx

R
+ J; (wrzme cos B ¢rws - mszme cos B ¢Swr)dx

f (VSL31 [¢r} + vsL32 [vr] + vsL33 [wr]

VrLalfq)s] - VrL32 [Vs] - Vrng[WS])dx

R (44)

= 2 . 2
(wr W, ) 'fc; mvrvsdx

R
+ f (—wrzme sin B @rvs + mszme sin B ¢svr)dx
0

Adding equations (42), (43), and (44) yields

R
f (¢SL11[¢]:‘I + (I)Sle [VI‘] + (bsLls[wr]
0

- ¢ Ll I - $,L12lv. T ~ $,L13w]

+

WSLZI [¢’r] + WSL22 [Vr] + WSL23[W1_]

I

WrL2l [¢S] - Wrng [VS} - WrL23 [ws]

+ v L31 [dirl + v L3z [Vr] + VSL33{WJ:‘]

I

v L3¢ I = v L3 v 1 ~ v Dazlw Ddx (continued)
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»

R

= (m2 - 2 2
= (mr wg ) J; mIk,m ¢r¢s twwot vV

(concluded)

- e sin.B (¢rvs + ¢sv¥) + e cos B (¢rw + ¢Swr)}dx

s

Integrating by parts the integrals on the left-hand side of the above

equation and simplying the following equation is obtained

2 _ 2 2 o
(mr w_ } ‘f' nﬂkm ¢r¢s W+ vi?s e sin B (cbrvs + ¢svr)

0
R
= 1 - 1
+ e cos B (¢rws + ¢Swr)}dx {GJ(¢S ¢r ¢r ¢s)}0
» R
— [11] - ns ] 1] 3
+{vr]:,(z-ms AW T Cv M o+ Clv_" o+ Pmxe sa.nBcbs)}O
R
+ {~w_(Bs ™+ B'w " + Av. " 4+ A'v " - Q%mxe cos B ¢ )}
r s S s s 5 sy
R R (45)
T TE " T mn 3
+ {vr (AwS + Cvs 1} O+ {wr (Bws + AvS Y}
0 0
. R
ur ] " ur ] T s
+ {vS(Awr + A w'+Cv M+C v "+ Q%mxe sin B q:r)}0
n t " 1 H [ L
+ {wS(Bwr + Blw "+ Avk + A V. 9?mxe cos R ¢x)}0
R R
- 1 n u - t n )
+ { W (Bwr + Avr )}0 + { v (Aw& + Cvr )}0

If the boundary conditions of the system are such that the right-hand
side of equation ﬁ45) is zero, then the differential eigenvalue problem as
defined by equations (33), (34), and (35) is said to be a self-adjoint
differential eigenvalue problem. The boundary conditions correspending to
fixed, hinge and free ends, etc. make the differential eigenvalue problem of
equations (33), (34), and (35) self-adjoint, and the following orthogonality

relationship can be identified.



The eigenfunctions (¢r, V. wr) and (¢S, v ws) corresponding to the
distinct eigenvalues w, and ws respectively are orthogonal in the following

fashion

R
,f mik 20 ¢ +ww +vv —esinB (v + ¢ v)
0 m r's r's r's r's s

(46)
+ e cos B (¢rws + ¢swr)}dx =0

The vanishing of the right-hand side of egquation (45) can be demonstrated,
for example, by considering the boundary conditions of the scissor modes.
The boundary conditions given by equations (26a) and (264} can be expressed

in terms of the deflections as shown below

w=v=yw =v'=0, GIp'= —k¢¢ at x =0 (47)

~

=
i

g
I

O

M _=Bw" + AVv" =0
v
M= Aw" + CV" =0 >ét Xx =R (48)

-V& = Aw™ + A'W" + Cv™ + C'v" + Q2mex sin B &
-Vz = Bw" + B'w" + Av" + A'vy" - R2mex cos B ¢
v,

By substituting equations (47) and (48) into the right-hand side of equation
(45), it is obvious that it vanishes by the fact that the eigenfunctions

satisfy all the boundary conditions.

When a concentrated mass 'M is attached to the blade at the spanwise
location =x = Xy s the ortheogonality relation given by equation (46) can be
rewritten as
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R
- 2
‘j; [m + 80x ~ x)uHK 2 ¢+ ww + vV,

- e sin B (CbrvS + ¢Svr) + e cos B (¢rwS + ¢Swr)}]dx =0

or

R
2 _ .
_j; m{km ¢r¢s tW W+ vV - esin B (¢rvs + ¢Svt)

, i
+ecos B (pw_ + ¢swr)}dx + M{d ¢r¢s oW
: (49)
+v v, -dsin B8 (¢rvS + ¢svr}

+ 4 cos B (¢rws + ¢swr) }x= =0

*M

The orthogonality relations given by eguations (46) and (49) are valid as long

as boundary conditions are self-adjoint and independent of eigenvalues.
NUMERICAL RESULTS AND DISCUSSION

The natural frequencies and associated mode shapes of the Bell Helicopter
OH~58A, 206A-] seesaw rotor blade are determined by using the transmission
matrix method. The effects of the féllowing parameters on the natural
frequencies corresponding to the collective, cyclic and scissor modes with
coupled flapwise bending, chordwise bending, and torsional degrees of freedom

are determined:
1. Effect of the collective pitch,
2. Effect of the rotation,
3. Effect of the spanwise location of the concentrated mass,
4. Effect of the chordwise location of the concentration mass, and

5. Effect of the magnitude of the concentrated mass.
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As a special subcase the effect of paramster 5 on the pure torsional frequencies
of the blade is determined. The properties of the Bell Helicopter CH-583,
206a-1 are given in table 1. The natural frequencies cobtained by varying
parameters 1 to 5 are presented in tables 2 to 6 for collective, cyclic and
scissor modes. The mode shapes with and without the concentrated mass are

given in tables 7 to 9 for collective, cyclic, and scissor modes. The pure
torsional frequencies are given in table 10, and the corresponding mode

shapes are shown in table 11. The percentage effects of various parameters

are given in table 12.

ffect of Collective Pitch

The collective pitch significantly alters the predominantly bending
natural frequencies corresponding to the collective and cyclic modes. The
effect is more significant on the gyclic mode frequencies compared to the
collective mode frequencies. 'The predominantly torsion and rigid body mode
frequencies are not affected by the variation of collective pitch. The
scissor mode frequencies are not at all affected by collective pitch.
Howevex, the mode shapes including the scissor modes will be altered
significantly by the variation of collective pitch. A particular mode is
considered as predominant in this report (whether it is a predominantly
flapwise bending or chordwise bending or torsion) by comparing the following

guantities in a given mode:
1. Maximum torsional deformation in radians,

2. Maximum nondimensional flapwise deflection with respect to the

semichord (w/bg), and

3. Mayximum nondimensicnal chordwise deflection with respect to the

semichoxrd (v/bg)-

Effect of Rotational Spe=d

The rotational speed significantly changes the natural frequencies and

mode shapes as expected.
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Effect of Magnitude of Attached Mass

The attached point mass‘significantly affects the predominantly
torsional mode frequencies. As the magnitude of the mass is increased, the
predominantly bending mode adjacent to a ‘torsional mode will be altered to
an additional torsional mode, and in such cases the frequencies and mode

shapes are also affected significantly.

Effect of Spanwise Location

In this case predominantly torsional frequencies are also affected. The
effect is increased as the mass is moved towards the tip. When a mass of
1.5 1b is attached at midspan, the effect on the predominantly bending
frequencies is insignificant, and the first predominantly torsional mode
frequency is altered by approximately 5 percent. But when the same mass is
moved to the tip, in addition to the significant effect of torsional mode
frequency (20%), the bending mode adjacent to the original torsional mode is

altered to an additional predominantly torsional mode.

Effect of Chordwise Location

If the mass is attached nearer to elastic axis (guarter chord distance
behind the leading edge}, the effect on the fregquencies including the
torsional frequency is insignificant. When the mass is attached fight at
the leading edge, the effect on the bending frequencies is negligible and the
torsional frequency is affected by four to five percent. When the mass is
attached at semichord distance away from the leading edge, in addition to the
significant effect on torsional frequency (20%), the bending mode adjacent to

the original torsional freguency is altered to an additional torsional mode.

Effect of Mass on Pure Torsional Frequencies

The pure torsional frequencies are affected significantly by the
addition of a concentrated mass as can be seen from table 10. The effect
on the first mode frequency by addition of a 2.0 lb mass at the tip of the
blade at a semichord distance away from the leading edge is 28 percent. The

percentage effect decreases with the increasing number of mode.
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Generalized Masses

The generalized masses due to the addition of a concentrated mass are

affected due to the following two reasons
l. Due to the changes in the natural frequencies and mode shapes, and

2. Due to the additional concentrated mass, in which case the new
orthogonality relation given by equation {49) should bes used instead of the

one given by eqguation (46).

The changes in the genetralized masses could be significant. Hence, in the
response and stability analyses using the modal analysis, the natural vibration

characteristics should be recomputed accounting for the additional mass.

Finally, the description and features of the computer programs developed
are given in Appendix A. The listings of the programs and sample output are

given in appendix B.

39



40

Some Pertinent Data of the Blade-

Twist of the blade

Collective pitch range

Normal operating r&tational speed
Blade chord

Span of the blade
(Axis of rotation to the tip of the blade)

Control system spring rate

Distance of the blade from the axis of xotation

~10.6 deg (lineap)
8 to 22 deg

354 RPM

13 in. (uniform)

211.8 in.

225000 in.-1b/Rad

18.5 in.



Table 1. Elastic properties of the blade.
mk % x 10~2
} 22
Station m X 10”2 EI; % 108 | BT, x 108 [ Gy x 108 e mkm? % 1072 Théig;ﬁege;ter
No.| (in.) | (1b-sec?/in.?) | (1b-in.?) | (1b-in.?2) | (1b~in.?) | (in.) | (1b-sec?) of Gravity
1 0.0 0.176 0.77 2.68 0.924 0.0 0.0 0.0
2 1.0 0.176 0.77 2.68 0.924 0.0 0.0 0.0
3 2.1 0.6929 5.16 6.50 6.19 0.0 0.0 0.0
4 3.0 0.699 5.16 6.50 6.19 0.0 0.0 0.0
5 3.5 0.404 1.16 1.16 1.39 0.0 0.0 0.0
6, 5.5 0.404 1.38 1.42 1.66 0.0 0.0 0.0
7 8.25 0.287 1.38 1.42 1.66 0.0 0.0 0.0
8 8.5 0.443 1.38 1.42 1.66 0.0 0.0 0.0
9 10.25 0.616 4.32 5.18 5.18 0.0 0.0 0.0
10 11.0 0.616 4,32 5.18 5.18 0.0 0.0 0.0
11 12.0 0.443 3.19 2.00 3.83 0.0 0.0 0.0
12 13.5 0.443 3.19 2.00 3.83 0.0 0.0 0.0
13 14.0 0.303 3.10 1.17 3.72 0.0 0.0 0.0
14 16.5 0.217 2.56 1.17 3.07 0.0 0.0 0.0
15 17.5 0.388 2.56 1.17 3.07 0.0 0.0 0.0
16 18.5 0.246 1.108 1.17 1.33 0.0 0.181 1.10
17 20.0 0.254 0.62 4.15 1.0 -0.1 0.172 1.18
18 22,0 0.254 0.58 4,50 0.85 -0.15 0.166 1.23
19 30.0 0.176 5.00 0.38 -0.20 | 0.091 1.33

D.28

(continued)
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Table 1.

Elastic properties of the blade (concluded).
mkmi x 10;2
Station m x 1072 EIiy X 108 EI, X 108] a3 x 108 e mkmi x 1072 ThrétE;SEZnier

No. | (in.) | (Ib-sec?/in.?)| (1b-in.2) | (1b~in.?) | (1b-in.?) | (in.) | (lb=sec®) | of Gravity
20 35.0 0.148 0.20 ' 5.00 . 0.25 -0.15 0.057 1.32

21 | 40.0 0.122 0.14 " 4.60 " 0.18 ~0.25 0.041 1.26

22 45.0 0.104 0.11 4.25 0.135 | -0.16 0.030 1.18

23 50.0 0.085 0.085 3.95 0.108 | -0.16 0.023 1.07

24 55,0 0.075 0.065 3.65 0.08 -0.16 0.018 0.983
25 60.0 0.066 0.0582 3.375 0.0698 | -0.16 0.015 0.867
26 | 90.0 0.066 0.0582 2.40 0.0698 | -0.40 0.015 0.681
27 | 102.0 0.211 0.0626 2.38 0.0698 0.39 0.034 0.820
28 | 110.0 0.211 0.0626 2.38 0.0698 0.39 0.034 0.820
29 | 120.0 0.066 0.0582 2.34 0.0698 | -0.30 0.015 0.681
30 | 180.0 0. 066 0.0582 2.34 0.0698 | -0.30 0.015 0.681
31 | 188.0 0.207 0.0756 2.83 0.0698 0.76 0.024 0.839
32 | 205.0 0.207 0.0756 2.83 0.0698 0.76 0.024 0.839
33 | 207.0 0.066 0.0582 2.34 0.0698 | ~0.30 0.015 0.681
34 | 209.0 0.066 0,0582 2.34 0.0698 | -0.03 0.015 0.681
35 | 211.8 0.238 0.0582 2.34 0.0698 | -0.30 0.015 0.681
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Table 2. Effect of collective pitch on natural frequencies, Q

It
=
il
o

Coliective Natural Frequgzggzig(R;dis;gi;ii‘i =R§l:p\;ise.adlaending, CB = Chordwise
Nature of Pitch ’ ' gid Body Mode

the Modes (Degrees) I Mode II Mode ITL Mode IV Mode V Mode VI Mode VII Mode
0 0,0000 RB 8.0043 FB | 50.5391 FB | 151.1314 FB | 163.2120 CB | 295.3516 FB | 329.0782 T

Collective 8 0.0000 RB g.01924 FB 50.8441 B ‘148.5486 FB | 165.3739 CB { 295.7274 FB | 329.0797 7
Modes 15 0.0000 RB 8.1359 FB | 51.0740 TB | 145.8596 FB | 167.3722 CB | 295.1760 FB | 329.0792 T
22 0.0000 RB 8.3805 FB | 51.2605 FB | 142.7966 FB } 169.4166 CB | 293.6876 FB { 329.0767 T

0.0000 RB | 24.2381 FB | 37.8552 cB | 95.3712 FB | 181.5022 FB | 220.5889 CB | 329.0075 T

Cyclic 0.0000 RB | 24.0152 FB | 36.6160 CB | 99.3403 FB | 188.966)1 FB | 222.6689 CB | 329.0083 T
Hodes 15 0.0000 RB | 20.7326 CB | 39.0471 FB | 105.9727 FB | 185.1393 FB | 229.0445 CB | 329.0115 T
22 0.0000 RB | 17.4641 CB | 41.7499 FB | 114.0819 FB | 181.1205 FB | 237.8682 CB | 329.0167 T

7.9954 FB | 36.3463 CB | 51.4956 FB | 153.0226 FB | 220.4402 CB | 295.7369 FB | 320.0796

Scissor 7.9954 FB | 36.3463 CB | 51.4956 FB | 153.0226 FB | 220.4402 CB | 295.7369 FB | 329.0796 T
todes 15 7.9954 FB | 36.3463 CB | 51.4956 FB | 153,0226 FB | 220.4402 CB | 295.7369 FB | 329.0796 T
22 7.9954 FB | 36.3463 CB | 51.4956 FB | 153.0226 FB | 220.4402 CB | 295.7369 FB | 320.0796 T
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Table 3. Effect of rotational speed on natural frequencies, collective pitch = 15°, M = 0 .
Rotational ’ Natural Frequ::ggfig(R:dis;gi;iii =;glngisgdBending, CB = Chordwise
Nature of Speed - ! d gid Body Made
the Modes {RPM)} I Mode I Mode TII Mode IV Mode v Mode Vi Mode VII Mode
0 0.0000 RB | B8.1359 FB | 51.0740 FB | 145.8596 FB | 167.3722 CB | 295.1760 FB { 329.0792 T
20 14.0456 FB | 57.9631 FB | 150.8230 FB | 172.0067 ¥B | 302.9627 FB | 320.1637 T | 455.6245 FB
c°iigzzlve 180 23.8246 FB | 74.6751 FB | 160.2750 CE | 188.9446 FB | 324.5546 FB | 329.7059 ¢ | 475.8608 FB
270 33.9126 FB | 95.7667 FB | 169.7463 CB | 217:7807 FB | 329.5538 T | 357.6205 FB | 506.7043 FB
354 43.2701 FA | 117.0175 FB { 179.5617 CB | 250.7197 ¥B | 330.007L © | 394.2283 FB | 541.7232 FB
0 0.0000 R8 | 20.7326 CB{ 39.0471 FB | 105.9727 FB | 185.1393 FB | 229.0445 CB | 329.0115 T
90 9.4152 RB | 26.5578 CB | 43.2346 FB | 114.9449 FB | 191.1030 B | 232.3227 CB | 329.0834 T
gﬁgiic 180 18.8336 RB| 32.5008 CB | 57.6741 FB | 138.2622 FB | 205.2044 FB | 244.0435 FB | 320.2929 T
270 28.2544 RB | 35.4246 CB{ 77.9037 FB | 169.5433 FB | 219.6862 CB | 267.919) FB | 329.6326 T
354 37.0350 RB | 37.3960 CB | 98.3988 FB | 201.6647 FB | 232.0615 cB | 299.7101 FB | 330.0657 T
o 7.9954 FB | 36.3463 CB | 51.4956 FB | 153.0226 FB | 220.4402 CB | 295.7369 FB | 329.0796 T
%0 13.7503 FB | 36.8006 CB | 58.1819 FB | 160.9285 FB | 221.7586 CB | 303.6304 FB | 329.1647 T
S;igzzr 180 23.1564 FB | 37.8225 CB | 74.7200 FB | 182.1923 FB | 225.8361 CB | 325.4567 FB | 329,8134 T
270 32.1352 FB | 39.8275 CB | 95.7662 FB | 210.8494 FB | 233.9084 CB | 329.5586 T | 359.2020 FB
354 37.3392 CB | 45.0472 FB | 117.0532 FB | 232.0153 CB | 253.7052 FB | 330.0189 T | 396.6472 FB




Table 4. Effect of magnitude of attached mass on natural frequencies, Xy = 211.8 in., 4= 9.7 in.,
f# = 354 RPM, cocllective pitch = 15°.

el sreanes (/s 0 = Sabrss b o = chorsuie

Nature of | of Attached -

the Modes Mass (1lb) I Mode IT Mode IIT Mode IV Mode V Mode VI Mode VII Mode
0.0 © 43.2701 FB | 117.0175 FB | 179.5617 CB | 250.7197 ¥B | 330.00171 T | 394.2283 RB | 541.7232 FB
0.5 43,2176 FB | 117.1580 FB | 178.6105 CB | 249.0986 FB | 296.1035 T | 393.7128 FB | 540.2327 FB |

CoLlective 1.0 . | 43.1670 FB |117.3013 FB | 177.6238 CB | 245.1096 FB | 275.0553 T | 393.4286 FB | 539.4606 FB
1.5 43,1181 FB | 137.4469 FB | 176.5766 CB | 237.0735 T | 264.9626 T |393.2712 FB | 532.0953 FB
2.0 43,0709 FB | 117.5927 FB | 175.4395 CB | 227.2062 T |261.3449 T | 393.2133 FB | 538.9866 FB
0.0 37.0350 RB | 37.3960 CB | 98.3988 FB | 201.6647 FB | 232.0615 CB | 299.7101 FB | 330.0657 T
0.5 .| 37.0355 RB| 37.1011 cB| 98.5738 FB | 201.5790 FB | 230.8393 CB | 290.0559 T | 304.7066 T

ﬁggiic 1.0 36.8128 cB | 37.0356 RB | 98.7570 FB | 201.1643 FB | 229.6229 CB | 267.6030 T | 303.1069 T
1.5 36.5309 CB | 37.0360 RB | 98.9514 FB | 200.2380 FR | 228.2941 CB | 250.8627 T | 303.3202 FR
2.0 36.2549 CB | 37.0367 RE | 99.1519 FR | 198.5490 FB | 226.5731 CB | 239.6249 T |303.8008 FB
0.0 37.3392 CB | 45.0472 FB | 117.0532 FB | 232.0153 CB | 253.7052 FB | 330.0189 T |396.6472 FB
0.5 37,0930 B | 44.9039 FB | 117.1955 FB | 230.8191 CB | 251.8094 FB | 296.3588 T |396.2658 FB .

s;i:izr 1.0 36.8515 CB | 44.7684 FB | 117.3424 FB { 229.6282 CB | 246.5482 FB | 276.6018 T |396.1683 FB
1.5 36.6091 CB | 44.6453 FB | 117.4931 FB | 228.0837 cB | 237.0498 T | 268.3211 T |396.2110 FB
2.0 36.3702 CB | 44.5328 FB | 117.6440 FB | 223.0286 T |230.0157 FB | 265.6692 T |396.3542 FB
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Table 5. Effect of spanwise location of concentrated mass on natural frequencies, M = 1.5 lb,
= 354 RBM, collective pitch = 15°, chordwise distance of mass from leading edge = 6.5 in.
Spanwise
Iocation
and Chordwise . . . .
location From Natural Frequencl?s (Rad/sec), FB = Flapw1s? Bending, CB = Chordwise
Nature of Elastic Axis Bending, T = Torsion, RB = Rigld Body Mode
the Modes {in.) I-Mode II Mode I1T Mode IV Mode V Maode VI Mode VII Mode
M=20 43,2701 FB } 117.0175 FB | 179.5617 CB | 250.7197 FB | 330.0171 T 394.2283 FB | 541.7232 FB
S 43.1181 FB | 117.4469 FB | 176.5766 CB | 237.0735 T | 264.9626 T | 393.2712 FB | 539.0953 FB
Collective g = 9.7
Modes x - 1%8 85 43.2211 FB | 117.4908 FB | 179.9896 CB { 242.7804 FB | 275.9257 T | 395.5335 FB | 540.7139 FB
1 M e -
xd : i6§99 43,2764 FB j 115.0264 FB { 177.246Y CB | 249.2111 FBR | 315.2340 T 392.9685 FB | 541.0933 FB
" . :
M= 0 37.0350 RB 37.9360 CB'| 98.3988 FB | 201.6647 FB | 232.0615 CB | 299.7101 FB | 330.0657 T
Xd : giz 8 36.5309 CB | 37.0360 RB | 98.9514 FB | 200.2380 FB | 228.2941 CB | 250.8627 T | 303.3292 I'B
Cyelic g = 9.70
Modes « - 1%8 85) 37.0065 CB | 37.0313 FR | 99,2492 Fh | 199.8117 ¥B | 230.5302 CB | 273.8252 7 | 298.0209 FB
” .
d = 9,59
% = 105.9 37.0365 RB | 37.3022 CB| 97.2172 FB | 201.9483 I'B | 228.1099 CB | 295.1667 FB | 316,5346 T
" .
M=0 37.3392 ¢B | 45.0472 FB | 117.0532 FB | 232.0153 cB | 253.7052 FB | 330.0189 T | 396.6472 FB
xd : giz 8 36.6091 CB 44,6453 FB | 117.4931 FB | 228.0837 CcB | 237.0498 T 268,.3211 ¢ 396,2110 FB
Scissor g - 9.7
Modes _ 158 85} 37.0101L CB | 44.6684 FB | 117.5263 FB | 229.6600 FE | 248.1115 FB | 276.1423 T | 397.8221 rB
XM - v
xﬁ‘: iéggg 37.2637 CB | 45.0130 FB | 115.0627 FB | 228.0991 CB | 251.8251 ¥B | 315.3651 T | 395,4402 FB
i .




Table 6. Effect of chordwise location of concentrated mass on natural freguencies, M = 1.5 1b,
Q = 354 RPM, XM = 211.8 in.
Chordwise
Locations
From Sheax Natural Frequencies (Rad/sec), FB = Flapwise Bending, CB = Chordwise
Center and Bending, T = Torsion, RB = Rigid Body Mode
Nature of | Leading Edge 9/ ! 9 ol
the Modes {in.) I Mode II Mode IXI Mode IV Mode v Mode VI Mode VII Mode
M=20 43.2701 FB [ 117.0175 FB | 179.5617 CB | 250.7197 FB | 330.0171 T 394,2283 PB | 241.7232 FB
4 d : z'g 43.1181 FB | 117.4469 FB | 176.5766 CB { 237.0735 T | 264.9626 T | 393.2712 FB | 539,0953 FB
Le ' ’
collective | o as= g“zlg 43.1181 FB | 117.4893 FB | 176.8773 CB | 245.2217 FB | 289.4397 T | 393.0761 FB | 537.3240 ¥B
Modes Le  °°
a d= g'g 43.1181 FB | 117.5110 FB | 177.0137 CB | 247.0820 FB | 315,1198 ¢ 392,.4943 FB | 534.8055 FB
Le .
d d : ?éogs 43,1181 FB | 117.5159 FB | 177.0576 CB | 247.4319 FB | 328.6644 T | 351.4030 FB | 531.8813 FB
Le :
M=0 37.06350 RB 37.9360 CB 98,3988 FB | 201.6647 FB | 232.0615 CB | 299.7101 FB | 330.0657 7
4 a-= :'g 36,5309 CB'| 37.0360 RB | 98.9514 FB | 200.2380 FB | 228.2941 CB | 250.8627 T | 303.3292 FB
Le * :
cyelic g S0 82% | 36.5350 cB | 37.0350 RB| 98.9614 PB | 201.2544 B | 228.7224 CB | 278.7150 T | 306.7561 T
Modes Le ‘
4 d _ g‘é 36.5377 cB | 37.0359 RB | 98.9669 FB | 201.6011 FB { 228.8304 CB | 293.4813 FR | 318.7820 T
Le -
3 d - :g'gg 36.5385 CB | 37.0359 RB | 98.9584 FB | 201.6506 FB | 228.8627 CB | 296.3261 FB | 329.1355 T
Le ;
M=20 37.33%2 CB 45.0472 FB | 117.0532 B | 232.0153 CB | 253.7052 ¥B | 330.0189 7 396.6472 FB
a d - 2'; 36,6081 .CB 44,6453 FB | 117.4931 FE | 228.0837 CB | 237.0498 T 268.3211 T 396.2110 FB
Le ' '
Scissor 4 d : g‘:g 36.6133 CB | 44.6452 FB | 117.5322 FB | 228.7281 CB | #47.1323 FB | 290.4035 T | 395.8670 FB
Modes fe )
a d : g'g 36.6159 CB 44,6451 FB | 117.5522 FB | 228,8264 CB | 249.7660 FB | 315.25%85 1 395.0400 rB
fe ~ T
= -0,
a d -3 g: 36.6168 CB 44.6451 ¥B | 117.5567 FB | 228.8536 CB | 250.2792 FB | 328.6690 T 393.6814 FB
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Table 7. Collective mode shapes, § = 354 RPM, collective pitch = 15°, Xy = 211.8 in., 4 = 9.7 in.,
d = 6.5 in.
te
Station 1. w/bo
" 2. v/by I Mode IT Mode IIT Mode IV Mode

R 3. ¢(Rad)| M=0 |[M=2.01b | M=0 |M=2.01b{ M=0 |[M=2.01b] M=0 |[M=2.01b

i 0.0000 0.0000 . 0.0000 0.0000 0.0000 0.0000 © 0.0000 0.0000

0.0, 0.0000 0.0bOO 0.0000 0.0000 0.0000 0.0000 0.0000 } 0.0000

3 0.0000Q 0.0018 ~(3.0016 0.0203 -0.0005 -0.0618 ~0.0150 ~0.2407

0.0078 0.0081 -0.0283 -0.0314 0.0090 0.0078 0.0432 ~-0.0Y77

0.1 .0.01.47 0.0147 0.0079 0.011¢ 11 -0.2986 -0.3264 0.0302 0.0173

3 0.0000 0.0017 ~0,0015 0.0199 -0.0005 -0.0604 ~-0.0147 ~0.2353

1 0.0425 0.0437 -0.1501 |} -0.1653 0.0297 0.0228 0.21.28 -0.0867

0.2 0.0252 0.0252 0.0295 0.0367 -0.5535 -0.6061 0.0327 0.0395

3 0.0000 *0,0014 |-0.0013 0.0167 -0.0003 ~0.0506 ~0.0122 ~-0.1965

1 0.1233 0,1257 +~0.4123 -0.4509 0.0243 0.0051 0.4985 ~0.2049

0.3 0.0255 0.0254 0.0807 . 0.0841 -0.7467 -0.8195, ~0.0002 0.0688

3 Q.0000 0.0005 -0,0006 b.0058 0.0005 -0.0163 -0.0025 ~0.0608

0.2324 0.2353 -0.7050 -0.7687 ° -0.0315 -0.0622 0.6255 -0,2700

0.4 0.0205 0.0205 0.1341 0.1534 -0.8356 -0.9233 -0.0140 0.0806

3 0.0000 ~0.0007 0.0000 -0.0090 0.0019 0.0295 0.0120 ¢.1189

1 0.3513 0.3543 -(,8845 -0.9671 -0.1182 ~0.1528 0.3662 -0.1903

0.5 2 0.0144 0.0146 0.1601 0.1828 -(.7851 -0.8808 0.0253 0.0565

3 0.0000 -0.0019% 0.0002 -0.0242 0.0037 0.0752 0.0286 0.2948

(continued)
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Table 7. Collective mode shapes, £ = 354 RPM, collective pitch = 15¢, Xy = 211.8 in., d = 9.7 in.,
d = 6.5 in. (continued).
Le
Station 1. w/bg
x 2. v/by I Mode IT Mode IIT Mode IV Mode

R 3. ¢ (Rad) M=0 {M=2,0lb{ M=0 | M=2,01lb| M=0 | M=2.01lbf M=0 M= 2.01b

i 0.4758 0.4786 -0.8411 | =-0.9304 -0.1972 -0.2250 ~-0.2654 0.0507

0.6 0.0078 0.0084 0.1411 0.1640 -0.58721 -0.6819 0.1052 | -0.0030

3 0.0000 | -0.0031 0.0022 | -0.0372 0.0051 0.1195 0.0402 0.4647

1 0.6041 0.6064 -0.5868 -0.6732 -0.2099 -0.2254 -0.8230 0.3103

0.7 2 0.0011 0.0021 0.0843 0.1049 -0.2717| -0.3557 0.1513 | -0.0695

3 0.0000 | -0.0043 0.0036 | ~0.0507 0.0062 0.1619 0.0492 0.6242

1 0.7347 0.7364 -0.1633 | ~0.2371 -0.1158| -0.1201 -0.8487 0.4029

0.8 2 —0.0056 —-0.0043 0.0009 0.0170 0.1220 0.0585 0.1076 -0.1137

3 0.0000 | -0.0056 0.003% | -0.0650 0.0069 ¢.2018 0.0530 0.7707

1 G.8670 0.8€79 0.3885 0.3432 0.0201 0.0889 ~-0.1467 c.1627

0.9 2 -0.0125 | -0.0106 ~0.0996 | -0.0903 0.5559 0.5217 ~0.0326 } -0.1168

3 0. 0000 ~0.0068 0.006238 ~0.0796 0.0071 0.2387 0.0518 0.9006

1 1.0000 1.0000 1.0000 1.0000 0.3546| 0.3522 1.0000| -0.3817

1.0 -0.01%4 -0.0170 -0.2067 -0.2062 1.0000 1.00060 -0.2214 -0.0868

3 0.0000 | -0.0080 0.0039 | -0.0928 0.0073 0.2716 0.0532 1.0000

{continued)




Table 7.

Collective mode shapes, § = 354 RPM, collective piteh = 15°, X = 211.8 in., 4 = 9.7 in.,

dﬁe = 6.5 in. {(continued).
Station 1. w/bg
x 2. v/by V Mode VI Mode VII Mode
R 3, ¢ (Rad)| M=0 [M=2.01b{ M=0 |M=2.01b| M=0 |M=2.01b
1 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000
0.0 2 0.0000 0.0000 0.0000 0.0000 0.0000 0, 0000
3 ~0.2751 | -~0.2507 0.0747 0.1119 -0.0202 | -0.1052
1 0.0013 0.0321 0.1467 0.1468 0.1742 0.1786
0.1 -0.0008 | 0.0443 |=-0.0701| -0.0822 | -0.2600 | -0.2322
3 -0.2688 | ~0.2450 0.0731 0.1094 -0.0197 | -0.1028
1 0.0042 0.1575 0.6085 0.6071 0.5465 0.5714
0.2 2 4 -0.0014 0.0628 -0.1664 | -0.1840 ~0.4007 { -0.3651
‘3 -0.2221 | -0.2039 0.0608 0.0905 -0,0134 | -0.0798
1 0.0042 0, 3659 1.0000 1.0000 0.3808 0.4380
0.3 2 -0.0011 0.0493 -0.2276 | -0.2480 -0.3050 | =-0.2792
3 -0.0520 | -0.0575 0.0201 0.0254 0.0195 0.0194
1 -0.0001 0.4532 ~0.5614 -0.5787 ~0.3845 -0.3479
0.4 2 0.0002 ¢.0407 | -0.0946 | -0.1155 0.0223 | 0.0340
3 0.1748 [ 0.1386 -0.0271 | -0.0543 0.0649 0.1527
1 -0.0062 0.2540 -0.3290 | -0.3106 -0.3187 | -0.3590
0.5 2 0.0019 0.0586 0.1254 0.1134 0.2155 0.2152
3 0.3925 0.3320 -0.0644 | -0.1221 0.0970 0.2615

{continued)



TS

Collective mode shapes, &

354 RPM, collective pitch = 159,

¥, = 211.8 in.,

M
d, = 6.5 in. {concluded).
Le
station | T w/bo

x 2. v/by V Mode VI Mode VII Mode

R 3. ¢(Rad)| M=0 |M=2.01b| M=0 |M=2.01b| M=0 |M=2.01b
1 -0.0130 -0,2145 -0,6049 -0.6346 0.7251 0.6825

0.6 2 0.0035 0.0928 0.2113 0.2214 0.1618 0.1392
3 0.5881 0.5108 ~0,0887 -0.1728 0.1314 0.3495
1 0.0038 -0.6065 -0.0474 -0.1228 0.8185 0.8864

0.7 2 0.0011 0.0904 0.1263 0.1583 0.1366 0.0867
3 0.7547 0.6726 -0.1118 -0.2167 0.1632 0.4060
1 0.0292 ~0,5974 0.5650 0.5245 ~0.3048 -0.1986

0.8 2 -0.00331 0.0171 -0.0054 0.0333 0.1667 0.1172
3 0.8849 6.8110 -0.1284 -0,2480 0.1905 0.4282
1 -0.0199 -0.1062 0.2970 0.3561 ~-0.5160 -0.5629

0.9 2 0.0008 ~0.1196 -0,0603 ~0.0297 0.0145 0.0055
3 0.9717 0.9219 | -0.1321 -0.2587 0.1930 0.3970
1 -0,2020 0.4709 -0,7269 -0.6947 1.0000 0.8347

1.0 2 0.0178 -0.2805 -0.0405) -0.0187 -0, 3401 -0.301¢°
3 1.0000. 1.0000 ~0.1374 -0.2640 0.2047 0.3502

d= 9.7 in.,
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Table 8. Cyclic mode shapes, & = 354 RPM, collective pitch = 15°, Xy = 211.8 in., 4 = 9.7 in.,
d, = 6.5 in.
e
station | ** ¥/ho
< 2. v/Iy I Mode II Mode ITII Mode IV Mode
R 3. ¢ (Rad) M=0 [M=2.01lb| M=0 [M=2.01b| M=0 |M=2.01lb| M=0 |[M=2.01b
1 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0 2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 0.0000 -0.0031 0.0000 0.0012 -0.0016 0.0097 0.0003 0.1955
i 0.099%06 0.0385 0.0421 0.1003 -0.2188 | -0.2379 0.5304 0.5293
0.1 2 ~0,0001 0.0221 0.0220 0.0002 0.0124 0.0132 ~0.0075 0.0059
3 0.0000 | -0.0031 0.0000 0.0012 -0.0016 0.0095 0.0003 0.1911
1 0.1992 0.0648 0.0718 0.20058 ~0.4324 -~0,4699 0.9375 0.9346
0.2 2 -0.0005 0.0783 0.0780 " 0.Q008 0.0419 0.0444 -0.0086 0.0347
3 0.0000 | -0,0026 0.0000 0.0010 ~0.0014 0.0079 0.0008 0.1605
1 0.2990 0.0618 0.0714 0. 3004 -0,6168 | -0,6703 0.9372 0.9445
0.3 2 -0.0010 0.1557 0.1553 0.0015 0.0732 0.0775 0.0621 0.1354
3 0.0000 | ~0.0010 0.0600 0.0004 ~-0.0009 0.0024 0.0047 0.0560
i 0. 3990 0.0450 0.0563 0.4002 -0.7350 | -0.8008 0.4932 0.5353
0.4 -0.0017 0.2504 0.2501 0.0024 0.0995 0.1054 0.1896 0.2847
3 0.0000 0.0012 0.0000{ -0.0005 -0.0006 | -0.0053" 0.0116 | -0.0809
1 0.4990 0.0277 0.0402 0.5000 ~0.7465 | -0.8193 ~0.1578 | -0.0819
0.5 2 -0.0024 0.3586 0.3586 0.0035 0.1140 0.1212 0.3003 0.4074
3 0.0000 0.0034 0.0000 ~0,0013 -0.0007 -0.0133 0.0200 ~0.2146

(continued)
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Table 8. Cyclic mode shapes, { = 354 RPM, collective pitch = 15°, Xy 211.8 in., d4d = 9.7 in.,
d = 6.5 in. (continued).
e
Station | 1° w/bo
« 2. v/bp I Mode II Mode III Mode IV Mode
R 3. ¢ (Rad) | M=0 |M=2.01b| M=0 |M=2.01b| M=0 |M=2.01b| M=0 |M=2.01b

1 0.5990 0.0177 0.0252 0.5999 -0.6026 ~(.6740 -0.7359 -0.6676

0.6 2 -0.0032 0.4773 | 0.4774 0.0046 0.1085 " 0.1160 6.3335 0.4439
3 0.0000 0.0055 0.0000 -0.0021 0.0005 -0.0200 0.0286 -0.3438

1 0.69292 -~0.0025 0.0119 0.69299 —0.3238. -0.3877 -0.9856 ~-0.9839

0.7 -0,0041 0.6032 0.6034 0.0058 0.0868 0.0942 0.2587 0. 3650
3 0.0000 0.0077 0.0001 =-0.0030 0.0012 -0.0270 0.0349 -0.4686

1 0.7993 -0.0147 0.0004 0.79%9 0.0569 0.0060 -0.7515 -0.8514

0.8 -0.0050 0.7337 0.7339 0.0071 0.0543 0.0612 0.0757 0.1680
3 0. 0000 0.0098 0.0001 -0.0038 0.0014 | -0.0345 0.0372 ~0.5886

1 0.8%96 ~0.0255 -0.0097 0.9000 0.5117 0.4820 ~0.0213 -0.1742

0.9 2 -0.005¢% 0.8665 0.8666 0.0083 0.0148 0.0205 -0.1904 | -0.1288
3 0.0000 0.0120 0.000L1 ~0.0047 0.0013 -0.0422 0.0365 -0.,7006

L -1.0000 -0.0353 -0.0193 1.0000 1..0000 1.0000 0.9786 0.8851

1.0 2 ~0.0069 1.0000 1.0000 0.0097 -0.0192 -0.0239 '-0.4915 -0.4771
3 0.0000 0.0141 0.0001 ~0.0055 0.0014 -0.0493 0.0372 -0.7923

{continued)




Table 8. Cyclic mode shapes, & = 354 RPM, collective pitch = 15°, x = 211.8 in., d = 2.7 in.,

- . . M
dﬂ,e = 6.5 in. (continued)
-
Station 1. w/bo
x 2. v/bg V Mode VI Mode VII Mode
R 3, ¢ (Rad) | M=0 [M=2,01b| M=0 |M=2.01b| M=0 |M= 2.0 1b

1 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0 2 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000

3 0.0081 0.1587 ~-0.0294 | -0,2403 -0.2757 | ~0.2463

1 0.0139 | -0.0887 -0.3716 | 0.1193 -0.0069 | -0.4341

0.1 2 0.1241 0.1303 0.0677 0.0155 0..0009 0.0862

3 | 0.0079 0.1551 -0.0287 | ~0.2348 | -0.2695 | -0.2408

1 -0.0425 | -0.2197 -0.5957 0.1909 -0.0122 | ~0.6980

0.2 2 0.4039 0.4207 0.1872 0.0554 0.0025 0.2406

3 0.0066 0.1294 -0,0247 | ~0.1957 ° | -0,2227 | =-0.2007

1 -0.1911L | -0.3535 ~0.3282 0.1322 -0.0110 | -0.3914

0.3 2 0.7141 0.7281 0.2104 0.1206 0.0030 0.2824

3 0.0014 0.0381 ~0.0133 | -0.0574 ~0.0524 | ~0.0596

1 -0.2369 | -0.2995 0.3086 | -0.0154 -0.0012 0.3505

0.4 2 . 0.9448 0.9478 0.1485 0.1864 0.0018 0.2184

3 . [-0.0065 | -0.0845 0.0009 0.1266 0.1747 0,1270

1 - |-0.0532 | 0.0007 0.6479 | -0.1297 0.0053 | 0.7577

0.5 .2 0.9905 0.9914 0.1110 0.2108 0.0011 0.1698

3 ~0.0157 | -0.2066 0.0155 0.3073 0.3926 0.3084

{continued)



Table 8. Cyclic mode shapes, & = 354 RPM, collective pitch = 15°, =x_ = 211.8 in., 4 = 9.7 in.,

53]

M
d = 6.5 in. {concluded).
Le
Station | T* ¥/®0

x 2. w/by V Mode VI Mode VII Mode

R 3. ¢ (Rad) | M=0 |M=2,01b] M=0 |M=2.01b| M=0 |M=2.01b
1 0.3168 0.4480 0.2107 ~0.1180 ~0.0052 0.2619

0.6 2 0.8085 0.8257 0.1574 0.16921 0.0029 0.2055
3 -0.0221 -0.3215 0.0205 - 0.4803 0.5883 0.4646
1 0.5984 0.7429 -0.5480 -0.0032 -0.0025 -0.6102

0.7 2 0.4563 0.5061 0.2021 0.0724 0.,0021 0.2294
3 -0.0272 | -0.4279 0.0248 0.6405 0.7549 0.6016
1 0.5273 0.6314 -0.8623 0.1176 0.0145 -0.9897

0.8 2 0.0177 0.1021 g.1438 -0.0526 -0,0012 0.1317
3 -0.0296 -0.5220 0.0246 0.7844 0.8850 0.7100
1 0.0036 0.0402 -0, 2540 0.1020 -0.0251 ~0.3509

0.9 2 -0.4637 ~0.3336 -0.049% -0.1762 0.0012 ~-0,1172
3 -0.0293 -0,6021 0.0188 0.9084 0.9717 0.7836
1 -0.7863 -0.8266 1.0000 ~0.1027 -0.1839 1.0000

1.0 2 | -0.9385 -0.7731 ~0,3179 -0.2839 0.0153 ~0.4464
3 ~0.0301 -0.6674 0.0195 1.0000 1.0000 0.8271
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Table 9. Scissor mode shapes, £ = 354 RPM, collective pitch = 15°, Xy = 211.8 in., d = 9.70 in.,
d, = 6,5 in.
Le
Station 1. w/bg
x 2. wv/by I Meode II Mode III Mode IV Mode
R 3. ¢ (Rad) | M=0 |M=2.01b | M=0 [M=2.01b| M=0 |[M=2,01b| M=0 |M=2.01b
1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 0.0000 | -0.0036 0.0000 0.0003 -0.0015 0.0197 0.0088 | -0.2398
L ~0.0002 0.0003 ¢.0l01 0.0101 ~0.0278 | =~0.0307 ~0.0065 | ~0.0134
0.1 2 0.0219 0.0222 0.0148 0.0131 0.0018 0.0024 0.1251 -0.0634
3 0.0000 | ~0,0035 0.0000 0.0002 ~-0.0015 0.0193 0.0086 | =0.2344
1 -0.0133 | -0.0106 0.0468 0.0474 -0.1486 | -0.1632 ~0.0872 | ~0.0388
0.2 2 0.0778 0.0786 0.0472 | 0.0412 0.0202 0.0235 { 0.4076 | -0.1999
3 0.0000 { -0.0029 0.0000 0.0002 -0.0013 0.0162 0.0076 | ~0.1958
1 -0.0573 { -0.0491 0.1229 0.1253 -0.4099 | -0.4477 -0.2526 | -0.0702
0.3 0.1552 0.1559 0.0810 0.0693 0.0698 0.0784 0.7198 -0,3418
3 0.0000 ~0.0011 0.0600 0.0001 ~0.0006 0.0056 0.0013 -0.0605
1 ~0.1164 | -0.1003 0.2258 0.2295 -0.7020 | ~-0.7646 -0,2895 | -0.1143
0.4 2 0.2501 0.2504 0.1198 0.1015 0.1236 0.1377 0.9482 | -0.4549
3 0.0000 0.0014 0.0000 —0.0POl 0.0600 0.0056 -0,0076 0.1191
1 -0.1767 | -0.1517 0. 3406 0.3450 -0.8812 | -0.9626 -0.0692 | -0.1464
0.5 2 0.3586 0.3586 0.1666 0.1407 0.1518 0.1700 0.9879 | -0.5024
3 0.0000 0.0038 0.0000 | -0.0003 0.0002 | -0.0234 ~0.0179 0.2959

{continued)
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Table 9. Scissor mode shapes, & = 354 RPM, collective pitch = 15°, Xy = 211.8 in., d = 2.70 in.,
d e = 6.5 in. (continued).
Station L. w/bg
" 2. v/byo I Mode II Mcde IIT Mode IV Mode
R 3. ¢ {(Red) | M=0 |M=2.01b| M=0 |M=2.01b| M=0 IM=2.01b| M=0 |M=2.01b
-0.2360 -0.2017 0.4636 0.4679 ~0.8382 ~(1,9264 0.3548 -0.1298
0.6 0.4774 0.4772 0.2202 0.1859 0.1371 0.1568 0.7988 -0.4618
0.0000 0.0063 0. 0000 ~0.0005 0.0023 ~0.0360 -0.0252 0.4656
~0.2937 -0.2496 0.5925 0.5963 -0.5846 -0.6702 0.6733 -0.0521
0.7 0.6034 0.6031 0.2785 0.2356 0.0860 0.1053 0.4437 -0.3363
0.0001 0.0087 $.0000 -0.0007 0.0036 -0.0491 ~0.0310 0.6248
-0,3495 -0.2957 0.7238 0.7285 -0.1619 -0.2351 0.5953 0.0566
0.8 0.7339 0.7336 0.3399 0.2880 0.0093 0.0265 0.0034 -0.1395
0.0001% 0.01L12 0.0001 ~0.0009 0.0040 -0,0630 -0.0336 0.7703
-0.4041 -0, 3402 0.8622 0.8636 0.3892 0.3442 0.0116 0.1111
0.9 0.8666 0.8665 0.4029 0.3419 -0.0841 -0.0710 ~0.4607 0.1128
0.0001 0.0136 0., 0001 -0.0011 0.0038 -0.0771 -0.0333 0.8987
-0.4581 -0, 3836 1.0000 1.0000 1.0000 1.0000 . —~0.8695 0.0570
1.0 1.0000 1.0000 0.4662 0.3962 -0.1839 -0.1768 ~0,9207 0.3943
0.0001 0.0161 0.0001 -0.0013 0.003% -{.0899 -0.0342 1.0000
) {continued)
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Scissor mode shapes, § = 354 RPM, collective pitch = 15°, xM_= 211.8 in., d = 9.70 in.,
d = 6.5 in. (continued).
Le
station | ** “/Po
x 2. v/bp V Mode VI Mcde VII Mode
R 3. ¢ (Rad) | M=0 |M=2.01b| M=0 |[M=2.01b| M=0 |M=2.01b
1 0.0000 0.00060 0.0000 0.0000 0.0000 0, 0000
0.0 2 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000
3 -0.0160 0.2139 -0.2751 -0,2517 0.0745 0.1216
1 0.0547 0.0232 0.0012"° 0.0392 0.1396 0.1387
0.1 2 0.0432 -0.0938 ~0.0004 0.0360 -0.0284 =0.0320
3 -0.0156 0.2090 -0,2688 ~0.2460 0.0728 0.1188
3 0.2463 0.1558 0.0038 0.1712 0.5951 0.5920
0.2 0.1247 -0, 3141 -0.0012 0.0983 -0.1297 ~0.1402
3 ~0.0129 0.1746 -0.2221 ~0.2046 0. 0604 0.0982
1 0.5506 0.4064 0.0037 0.3713 1.0000 1.0000
0.3 2 0.1607 | -0.5698 -0.0014 | 0.1443 -0,2209 -0.2384
3 -0.0025 0.0544 -0.0520 | -0,0570 0.0185 ~0.0260
1 0.6904 0.5110 ~0,0004 0.4530 0.567¢9 0.5848
0.4 0.2153 ~-0.7538 -0.0006 0.1918 -0.1274 -0.1513
3 0.0130 ~0.1038 0.1748 0.1406 -0.0279 -0.0629
1 0.4264 0.2719 -0,.0063 0.2642 -0.3385 10.3224
0.5 2 0.2873 ~0.7704 0. 0007 0.2393 0.0624 0.041¢
3 0.0306 -0.2573 0.3925 0.3354 -0.0651 -0.1389

{continued)
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Table 9.

Scissor mode shapes,

2 = 354 RPM, collective pitch'= 15°, x

= 211.8 in.,

M
d = 6.5 in. (concluded)
Le
Station Lo w/by
x 2. w/by V Mode VI Mode VII Mode
R 3. ¢ (Rad){ M=0 |M=2.01b| M=0 [M=2.01b| M=0 [M= 2.0 1b
1 -0.2356 | -0.3005 |-0.0130 | =0.1799 |-0.6291 { -0.6602
0.6 2 0.3458 | -0.5884 0.0022 | 0.2615 0.1380 | 0.1360
3 0.0430 | -0.4077 | -0.0892 0.5151 | ~0.0892 | -0.1962
1 -0.8320 | -0.8314 0.0037 | -0.5518 |-0.0630 { -0.1374
0.7. 2 0.3151 | -0.2804 0,000L | '0.2078 " 0.0641 | 0.0839
3 0.0525 | -0.5493 |-0.1120 0.6773 |-0.1120 | -0.2451
1 -0.8808 | =0.9040 0.0291 | -0.5479 0.5705 | 0.5310
0.8 2 0.1477 | 0.0658 |-0.0034 0.0545 | -0.0359 | -0.0056
3 0.0565 | -0.6812 |-0.1285 0.8153 | -0.1285 | ~0.2792
1 ~0.1730 | -0.2406 | -0.0199 | -0.1020 0.3072 | 0.3658
0.9 2 ~0.1465 | 0.3860 0.0012 | -0.1799 | =-0.0423 { -0.0134
3 0.0551 | -0.7999 |[-0.1318 0.9248 {~0.1318 | -0.2902
1 0.7545 1.0000 |} ~0.2017 0.5505 | ~0.5594 { -0.7009
1.0 2 ~0,4282 0.6675 0.0190 | -0.4385 0.0334 | 0.0614
3 0.0565 | -0.8873 | -0.137L 1.0000 |-0.1371 | -0.2931

d =9.70 in.,
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Table 10. Effect of magnitude of concentrated mass on torsional
frequencies, = 354 RpM, d4 = 92.70 in., xM = 211.8 in.
Magnitude .
F
of the requencles (Rad/sgc)
Mass I Mode II Mode III Mode IV Mede
0.0 335.2502 913.6214 1494.7750 2036.0238
0.5 303.0671 845.0031 1388.6847 1909.5994
1.0 277.4304 798.8885 1329.8973 1852.5323
1.5 256.8390 768.4413 1297.7905 1825.8265
2.0 240.0246 747.5134 1278.4021 1810.9621
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Table 11. Pure torsional mode shapes, £ = 354 RPM, 4 = 9.7 in., X, = 211.8 in.
Station .
< I Mode LI Mode IIT Mode IV Mcde
R M=20 M=2.01b M=0 M= 2,01b M=20 M=2.01b M=20 M= 2.0 1b
0.0 ~0.2758 | .-0.2423 —~0,3990 -0.3941 0.3767 0.3726 ~0.4141 ' —0.4076
0.1 | -0.2695| =-0.2368 -0.3897 | -0,3851 0.3676 0.3637 ~0.4035 | -0.3975
0.2 -0.2226 1 -0.19756 -0.2786 | ~0,2914 0.1870 0.2166 -0.0988 | -0.1438
0.3 -0,0513 | -0.,0593 0.2022 0.1019 ~0.5575 | -0.4164 0.8986 0.7895
0.4 0.1770 0.1246 0.7467 0.5891 -0.9313 -0.9091 0.5508 0.8170
0.5 0. 3959 C. 3050 0.9996 0.9207 -0.3831 -0.7277 -0.7391 -0.2955
0.6 0.5922 0.4766 0.8374 0.9937 0.5691 0.0273 -0.7048 -0.9761
0.7 0.7587 0.6361 0. 3642 0.8185 1.0000 0.7720 0.4836 | -0.3710
0.8 0.8876 0.7795 ~0.24086 0.4434 0.5125 0.9863 0.9058 0.7147
c.o 0.9720 C.9031 -0,7554 -0.0403 -0.4430 0.5167 -0.,1117 0.8571
1.0 1.0000 1.0000 -0.9481 -0.5096 -0,9081 -0.3537 ~-0.8792 ~0.2628
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Table 12. Perxcentage effects on the natural frequencies.
Nature of
Varlable Range of Constant the Mode - '
Parameter the Parameter Parameters Shapes I Mode II Mode | IIY Mode IV Moda | V Mode VI Mode | VII Mede
Collective 0.0 4.7 1.4 -5.5 3.8 -0.5 0.0
Cd;i:g;"e 0, 22 deg. a= cyelic 0.0 | -28.0 10.3 19.6 -5.4 7.8 0.0
=20 Seissor 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Collective -— |z338.3 251.6 71.9 97.2 331.6 64.6
R“;;;:gal 0, 354 RPM M=0 Cyelic — 80.4 152.0 90.3 25,3 30.9 0.3
Scissor 367.0 23.9 127.3 51.6 15.1 11.6 17.0
xM = 211.8 in. | Collective -0.5 0.5 -2.3 -9.4 -20.8 =-0.3 -0.5
Magnitude of : . -
the Attached Mass 0, 2.0 1b d%e = 6,5 in. Cyclic -2.1 1.0 0.8 1.5 2.4 20.1 8.0
i = 354 RPM Scissoxr -2.6 ~1.1 0.5 -3.9 -9.3 ~-19.5 -0.1
Spanwise Location 105.9 d£e = 6,5 in. Collective ~-0.4 2,1 -0,4 -4.9 ~16.0 O.l‘ -0.4
of the Attached 211.8’in M=1.51b Cyclic -1.4 -0.7 1.8 -0.9 0.1 ~15.0 ~4.2
Hass 2 = 354 RPM | Scassor ~1.8 0.8 2.1 0.0 -5.9 | -14.9 0.2
Chordwise Location %, = 211.8 in.| Collective 0.0 ~0.1 -0.3 -4.2 -19.4 0.5 1.4
of the Attached |-3.25, M '
Mass from the 6.5 in. M= 1.5 1hb Cyclic 0.0 0.0 0.0 -0.7 ~0.3 ~15.3 -7.8
Leading Ldge @ = 354 RPM Scissor 0.0 0.0 0.0 ~0.3 -5.3 ~18.4 0.6
%, = 211.8 in.’
Magnitude of _ Pure _ _ . . . —
the Mass 0, 2.0 1b dke— 6.5 in. Torsion 28.4 18.2 14.5 11.1

t = 354 RPM
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Fortran Program I:

Computes the natural frequencies and associated mode shapes of a nonuniform,
pretwisted rotor blade with combined flapwise bending, chordwise bending, and

torsional degrees of freedom.

I Data Card: 1IBC, ISTAGE, NS
FORMAT I1, Il, I3

IBC: Variable indicates the nature of modes required
IBC = 1, implies collective modes
IBC = 2, implies cyclic modes

IBC = 3, implies scissor modes

ISTAGE: Program performs two functions
ISTAGE = 1, computes the values of the frequency determinants only
ISTAGE = 2, computes the natural frequencies and mode shapes

NS = Number of stations at which data is provided

II Data Card: SPAN, OMEGA, B, TSR, RPITCH

FORMAT 5 E 14.7

" SPAW = Span of the blade (inches), distance between axis of rotation and tip
of the blade
OMEGA = Retational speed of the blade (rotations per minute)
B = Semichord at the roct (inches) ’
TSR = Control system spring rate (in.-1lb/rad)
RPITCH

Collective pitch setting at the root (degrees)

ITTI Data Card: DEB

FORMAT E 14.7

DER = Distance of the blade from the axis of rotation

N ),

DEB |

—— |

A _ "
PEE erenonaLsyY B _



The following data should be provided in the order

STA, MASS, EILl, EI2, GJ, E, BETA, RMIS, KM2S
FORMAT 5E 14.7 on each card

STA = Station locations (inches)

The first station should correspond to the axis of rotation, and the last station
should correspond to the tip of the blade. The distance between the stations
need not be equal. For accuracy it is preferable to choose the stations such
that the variation of structural properties in between can be approximated by

& linear relationship.

MASS Mass per unit span (lb-secz/in.z)

h

EIl = Flapwise bending stiffness (lb-in.?2)
EI2 = Chordwise bending stiffness (lb-in.?)
GJ = Torsional stiffness (lb-in.2)
E = Distance between mass and elastic axes (inches) positive when mass axis
lies ahead of elastic axis
BETA = Twist of the blade not including the collective pitch (degrees)
KMIS Mass moment of inertia of the cross-sectiocnal mass about the chord

(1b-sec?)

I

KM2S Mass moment of inertia of the cross—secticnal mass about an axis

perpendicular to the chord passing through the shear center

If the data is provided say &t 10 ‘stations, each of the above variables take

2 cards and a total of 18 cards.

If the computer variable ISTAGE = 1 (see the lst Data Card) then the following

card is the last caxd, otherwise it is last but one card
H1, H2, H3
FORMAT 3 B 14.7

H1

Starting frequency (rad/sec)

H2 = Frequency increment (rad/sec)

H3 = Ending frequency (rad/sec)
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Case 1. ISTAGE = 1.

In this case frequency determinants are only computed for wvarious frequeﬁcies.
It starts with frequency H1l and increments by H2 and goes up to the value H3.
For each of these wvalues it computes the nondimensional frequency determinant
and prints. It prints three columns:

I column: Frequency (rad/sec)

M R
II column: Nondimensional frequency E? Freguency
. 10

ITT column: Nondimensional freguency determinant wvalue

Case II. ISTAGE = 2.

In this case the natural frequenc@es and mode shapes are computed. The

natural frequencies are computed by frequency scanning technigue. Sign changes
in the values of Irequency determinant are detected starting from value H1l at
steps of H2 till the required sign changes are detecied or the walue H3 is
reached. So the required number of frequencies that lie between H1l and H3,
whichever is less, are computed. If two frequencies lie closer than increment
42, then there is a chance of missing those frequencies, so H2 has to be chosen
such that no two frequencies are closér than H2, This can be estimated by
looking at the freguency versus frequency detgrminant values, which can ke

obtained when the program is executed under ISTAGE = 1.

The output under ISTAGE = 2 prints the natural frequencies and mode shapes.

The natural frequencies are given in (rad/sec), Hertz, and in nondimensiocnal

. Rh . ,
units ( 2210) r and the moede shape deflections are given by the following:

Flapwise deflection w/by (nondimensional)
Chordwise deflection wv/by (nondimensional)

Torsional deflection ¢ (radians)
The following card is required when the program is executed under ISTAGE = 2.
NF, ITER, BLANK, DOT, STAR, INC

FORMAT I2, Il1, 3al1l, IZ

NF = Number of freguencies required not exceeding 10
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ITER =

BLANK =

STAR =

INC =

Number of subdivisions required before interpolation, usually

ITER = 1 is sufficient. If ITER = 1, after the frequency is detected
within the interval H2, then interval H2 is subdivided and the’
frequency is detected within the interval of H2/10 before computing
the actual frecuency by interpolation. If ITER = 2, the interval is
reduced to H2/100.

one blank space

increment in the mode number in the normal execution of the program
INC = 0. If the first two frequencies are separated by at least

1.0 rad/sec and the third frequency onwards are separated by at least
20 rad/sec, it is not economical (computation wise) to scan the entire
fregquency range by incrementing at 1.0 rad/sec. In such a case the
first two frequencies are detected by scanning with H2 = 1.0 in one
execution and the third frequency onwards are computed in a second
execution with H2 = 20.0. In the second execution INC = 2 must be

fed to keep track of the correct mode number.

Total number of data cards

ISTAGE = 1

Integer

ISTAGE =

Integer

Where NS
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Fortran Program II:

Computes the natural frequencies and associated mede shapes of & nonuniform,

pretwisted rotor blade with combined flapwise bending, chordwise bending, and

torsional degrees of freedom with an attached concentrated mass at any

spanwise and chordwise locations.

I Data Caxrd: IBC, ISTAGE, NS
FORMAT T1, I1, I3

Similar to Program I

IT Data Caxrd: SPAN, OMEGA, B, TSR, PMASS

FORMAT 5 E 14.7
SPAN, OMEGAR, B, TSR are defined in Program I

PMASS = Magnitude of the attached mass (1lb)

111 Data Card: CLP, SLP, RPITCH, DEB

RPITCH, DEB are defined in Program I.

CLP = Chordwise location of the mass from shear center {inches), positive
forward of shear center
SLP = spanvwise location of the mass (inches)

Rest of the data is same as in Program I.
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Fortran Program III

Computes the natural frequencies and associated mode shapes of a nonuniform
rotor blade with pure torsional degree of freedom with an attached concentrated

mass at any spanwise and chordwise locations.

I Data Card: ISTAGE, NS
FORMAT 11, I3

Defined in Program I.

II Data Card: SPAN, B, TSR, OMEGA

FORMAT 4 E 14.7

Defined in Program I.

IIY Data Card: PMaASS, CLP, SLP

FORMAT 3 E 14.7

Defined in Program II.

IV Data Card: onwards

STA, MASS, GJ, KMIS, KM2S
FORMAT 5 E 14.7 on each card
Described in Program I.

After the structural data one or two cards are to be introduced depending on

the value of ISTAGE, as discussed under Program I.
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APPENDIX B

LISTINGS OF THE COMPUTER PROGRAMS AND SAMPLE OUTPUT
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FORTRAN PROGRAM I

7 o
n
PROE INTENTIONALLY Beasid

75



OO0 OO0 000

OO

I EE TN Nl

ok ok ook ok e ol ook OB A R ok R R KR R R ook ok S Rk ook Rk & R R R
NATURAL VIBRATION CHARACTERISTICSsCOUPLEE FLAPWISE BENDING,CHORD—
WISE BENDING -AND TORSION;SEE~SAW ROTOR,COLLECTIVE,CYCLIC AND

SCISSOR MODES.USES FUNCTION DET AND SUBRGUTINES INTPOL,PLGT,

. NATFRE AND SHAPES ~
R e L L D T P T e

" DECLARATION AND COMMON STATEMENTS

REAL MASS,KMS3KHMLS,KM2S

DIMENSION E(101)5E11(10135E12(1013563(101),KMS{10L)5xH1S(101),
1KH25(101), MASS{101), BETA(L01),D1{101)5D2(101),D3(101),D4(101),
205(101),06(101),07(101),D8(101)5D9{101),010(101},D11{10L),
3D12(10L),STATIGL),PHI(51)sW{51),V{51),SL(51)s FREQENL LO)

" 'COMMON/X1/FREQEN,H1sH2sH35 ITERS[K
COMMON/X2/J15 PPy FRESHERTZ, SLyBLANK, 00T, STAR ™
COMMON/X3/STA,SPAN ~ =~~~ =" "= 7"

COMMON/ X4 /TBC T TThm T e

COMMON/X5/D1502,035D4205,06,07,08509,010,011,012sN1,02
 COMMON/X6/TSR

COMMON/X?/NS

COMMON/X8 /OMEGAN T

COMMGN/X11/IND

— ——— —— - -

(THIS SECTION READS THE DATA DF CTHE SYSTEM

READ(5,5) [BC,ISTAGEsNS
READ{(5,10]) SPAN;UWFGAyB:TSR,RPITCH:DEB

READ(5, 10} {STA(J)»J= IJNS)}(HASS(J)}J l:NS):(EIl(J):J 1,NS)H{ELIZ2(4)
l:d’l;NS)y(GJ(JJ:J’l,NSJ:(E(J):J*l;NS}:(bETA(J} Ja1yNSI» (KM1S(J)sd=
21y NS )y {KM2S(J)5s d=1,NS)

READ(5s10}r1,H2sH3 i

IF{ISTAGE.EQ.2) READ(b;l5)NF:ITtR ANK;DDT,STAR;INC

—— - — - L iy e i v s -

THIS SECTIDON PRINTS _THE DATA GF THt SYSTtM

- - —— —— A L Y el S i A A L L Al A S . i, -

WRITE(6,20}
ARITE(6225)
IF(IBC.EQs1)URITE(H,530)
[IF(IBC.EQ.2}WRITE(H,35)

24
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ONEoooo
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WRITE(6,110)

IF{ISTAGE.EQ. Z)NRITEH»IES}INC
WRITE{6555)SPAN _.
ARITE{6,60Q)0MEGA =

IF(IBC.EQ.3)WRITE(6540)
IF(ISTAGE,EQ.2)WRITE(6,45)INF L
WRITEL6,3350HL . __
WRITEl(6,50)d2 .~ -
WRITE(65,150)H3 _ _ .

—— aRrnr

WRITE(6,25)

WRITE{6s65)8 . . S
WRITE(6,70)TSR___ e e e e e e
WRITE(6,190) RP ITCH e e e e e . e
WRITE(G6L1I95)DEB ____ . _ _ o
CARITE(6290) NS _. ... . . e s e w1
WRITE(6595) . e e e e
NRITE(&;IOOHSTA(J};J I:NSl - — e e
WRITEL G 0B
WRITE(G6,100){MASS(JYsdBlpNSY _ o .

ARITE(65100)(EIL{J},J=1,NS) . ~
WRITE{(6,115) e
WRITE(65,100) (_gIa{_J_)___Jil,BS)_ e e e .
WRITE(6,120} , e
WRITE(65,100)(GJ{JIsJ=1,N5) e e -
WRITE(6,125) e e e
WRITE(62100)(E{J)sJ=1sNS) S,
WRITE(6,130) . e e -
WRITE(6,100)(BETA(J}sd=1,oNs) "7
WRITELG5140) .
WRITE(6100) (KMHIS(J)sd=loNSY
WRITE{65145) o e e e
WRITE(6,100) (KM25¢d)s d=1sNSF

THIS SL:CTIEN CALCULATES THE SYSTEH PRDPERFIES AT THE REQUIRED

‘ CSTATIONS BY II\TERPDLATIDN AND. PRINTS THE INTERPGLATED VALUES

ARITE(6,20)
WARITE(6425)

CALL INTPOLIMASSY T
CALL INTPQLtgg;l____ ) e
CALL INTPOL(EIZ) . . .
CAtL INTPOLY(GJIY 7 ) e
CALL INTPOL(E) . e e
CALL INTPOLU(BETAY 7 ]

CALL INTPOLIKWISY ~~° ™ -

CALL INTPOL(KM2S) T T



ARITE(65175)
WRITE(6s25)
WRITE(62105) )
WRITE(65,100) {MASSTJ),J=1,101)
WRITE(65110) o
WRITE(6,100)M{ET1(J)sJd=1,101)
WRITE(6,115)
WRITE(65100)(ETI2(J) 521,101} o
WRITE(G6-120) o
CWRITE(6,1000{GJ{J)s4=1,101)
_ WRITE(65125})
T ARITEL65200)(E(d)»J=1,101)
WRITE(65130) -
 WRITE(6,100)(B8ETA(J)sd=1ri0l) 7"
CWRITE{65140} .
NRITE(&;IOO)(KHlS(J};J 1;101)
CHRITE(651645) .
#RITE(é:lOO)!KHZS(J])J’l:lOl)
WRITE(6s25)

N . T P S TS S . A S T —— . s s e — ——

THIS SECTION NON-DIMENSIONALIZES THE DATA AND COMPUTES THE
"COEFFICIENTS OF THE FIRST~ORDER DIFFERENTIAL EQUATIONS WHICH ARE

NOT DEPEND:\T ON THE FREQUENCIES

g EaNsRe NN e NN el e

ey - - -~ e mam ae

DO 205 J=1,101_ e
o KMISCIYSKMIS{Y/MASS(yy o T
KM25 () =KM2S (J1/MASSCUIFECIT#ELS)

205  KHS(J)=KMLS(J)+KM25(J)
NZTS=DEB/SPAN
NZ=NZTS+1 .

DO 206 I=NZ,101 _

206  BETA(I)}=BETACI)+RPITCH
PI=4.0%ATAN(1.0}
GMEGA=OMEGA*PI/30.0
OMEGAS=0OMEGA*OMEGA
SPANS=SPAN®SPAN
B5=8%8
TSRaTSRESPANS#SPAN/(EIL(1)#8S) _
FACT=SQRT(MASS(1)*#SPANS*SPANS/ELL(L))
OMEGAN=FACT#*FACT*OHEGAS
FL1=BS/SPANS
N1=3
NZ=7
IF{IBC.EQ.2) Nl=4
IF(IBC.EQ.2) N2=8
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IF{IBC.EQ.3)}N2=4 )
DO 210 J=1,101

T210 D5(J)=HASS(JL{HASS{13 e e
e X=0.0 _ . - e
H5=0.01/24.0  _ e e e e e e e
DO 215 J=1,101 __ . | i e

- - e i o e e AGms o vt s mANEL < e e o

D2(J)=D5{J)*H5%X_ ___
215  X=X+0.01 e
. Di2(1ig81)=0.0__ _
__bi2{100)=9. O*DZ(IOI)*lg 0*02(100) 5.0*02(99]+DZ(98)
LBO 220 Jd=2999
o WJ=101-4J
220 D12(J)=D12(J+1})=D2(J+2})+13. 0*(DZ{J+1}+DZ(J})-DZ(J ~-1)
.. 012{133012(2)+02{4)-5 0%D2(3)+19.0%D2(2)+9.0%0D2(1)
X’0.0
Dﬂ 230 J= 1)101 . e e )
BETA(J)=PI*QETA(J)IIBO 0
T C=COS(BETA(J))
S=2SIN(BETA(J})

——t———— —— e e e o R — e - e - — . ——— .-

e B3 3CEC e e e
__55=5%S
L ALL=EIL(J)*CS+EI2{J)*SS _
AL2=(EI2(J)=EIL1(J))#C*S
A22=EI1(J)*SS+EI2(J)*CS
 D=Al1%A22-Al2%A12
. B1{J)==EILl(1)%A12/D _
_D2(J)=EIL{1)%A22/D
T03(J)=EI1(1)¥A11/0
D4(J)=EIL(L)*F1/GI Iy}
D6{J)1=D5(J)*c(J)/8
D7(J)=D6{J)*5
D6(J)=D6{J)*C
DB{J)=Db(J)*X*IMEGAN
TDS{J)=D7(J ) FX*OHEGAN
D10(J) =OMEGAN*D5 (J)*(KM2S(JI~KH1S(J)}*{CS=SS}/BS
_DI1(J}=D5(JI*KMS{J)/BS
T D12{J1=D012(J)*0OHEGAN

230  X=X+0,01

_HI=HI#*FACT } ——— .
H2=H2*FACT
_H3=H3*FACT -
IF(ISTAGE.EQ.2}) 60 TD 240 o
c FE Y - - - - -
C —— T e e e s —— - T
¢ _THIS SECTION CALCULATES THE F FREQUENCY DETERMINANTS OF THE SYSTEM
£ e - e ———— s
¢

WRITE{6,20)
WRITE(6,25)
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http:X-X+0.01
http:X=X+0.01

WRITE{6+180)
WRITE(6,25)

235 P=HL=*H]
IF(H1.GT.H3) 6O TO 265
FR=H1/FACT
F=OET(P)
WRITE(6s185)FRsH1sF
Hi=H1+H2Z N
GUT3 235

— - T - ———— — o A P T . At AP i

CTHIS SECTION CALCULATES THE NATURAL FREOL:NCIES AND THE ASSOCIATED

MODAL FUNCTIGNS OF THE SYSTEMJMODAL FUNCTIONS ARE NCRMALIZED WITH

RESPECT Td TH& MAXIHUM DEFLECTIDN GF THE PREDOMINANT ﬂDD:

— s e — e —_——

NOOOOOOOOO

40  CALL NATFRE(NF) =
SL{1)=0.0

00 245 J=1,50
SL{J+1)=SL{J)+0.02
IF(IJK.EQ.0) GO TQ 261
D3 260 Jal,IJdK
J1=J+INC .
PP=FREQEN(J)

=PP*PP -

IF{(J1+IBC) EG.2.AND.ONEGALLE.0.0Q) GG T0O 246
CALL SHAPES{PyWsVsPHI)  —— "=

. 60 TO 248 S - —_—

246 DO 247 I=1,51

V{I)=SL{I)

58]
b
wn

W(I)l=0.0 B L
247  PHI(I}=0.0 T LT
6o 10 256 ‘
248  IF(IND.EQ.1) GO TO 256 o
AMAX =W (1)

DO 250 I=1,51 T
IF(ABS(AMAX)SLT.ABSTW (I} ))AMAXSW(T)
IF(ABS[AMAX Y. LT.ABS(V{I))JAMAX=YV(I)

250  IF(ABS(AMAX) LT ABS(PHI{I)))AHAX=PHI{I)
D0 255 I=1551
WOI)=W (1) /AHAX

VIII=V(I)/AHAX

255  PHI(I)=PHICI)/ARAX - T

256  COMTINUE .
FRESPP/FACT
HERTZ=FRE/(2.0%PT)

CALL PLOT(W>»1)
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http:SL(J+1)=SL(J)+O.OZ
http:IF(HI.GT.H3

.éép--

261
265

OO0

16
i5

20

25 |

30

.35 - -

40
45

50
55
60

65

70

90

35

100
105
110

" _FORMAT(1H1}

CALL PLOT(V,2) . .

CALL PLOT{PHI»3) _ _ e )
_CONTINUE ___ — - e
IF(IJK.LT.NF) WRITE(65160) 1JK e e,
IF(ISTAGE.EQ.1) WRITE(6525)} .

- -— a -
- amen - T W e pmmmrmay 4w e

FORMATS

B - T e —— e e eLs e i Eraee e - - v .

FORMAT{IlsI1,513)
FORMAT{5E14.7)
FGRMAT(IZ,11:3A1:IZ)

FQRMAT(jjzx,ﬂ**##**#*********##**#**#**#****#********#*#***#*****1

T Lk ok ok ok ok Bk ok ok kR ok o oR ok ok ok ARk ok kR R kR bk ok
 2EEdgkE)
) FGRﬁAT(IIBEX;"NATUR: UF THE HODES":IQX:“CDLLECTIVE MODES™)

FURHAT(IIB5X;“NATURE OF THE MODES®,19X,"CYCLIC HMODEST)
FORMAT( /735X MNATURE OF THE MODESM,19X,M"SCISSOR MODESY)

__ FORMAT(//5X,"NUMBER OF FREQUENCIES REQUIRED.

i : 211, 15)
. FORMAT(//5X,"FREQUENCY INCREMZNT(RAD/SEC)
1 _ T T T T =, EL14,T)
FORMAT{//5X,"LENGTH OF THE BLADE (INCHES)
1 =M, E14.7)
FORMAT(/75X»*ROTATIONAL VELOCLTY OF THE BLADE (RPH)
1 S - =M, E14,7)
_ FORMAT(//5Xs"SEMI-CHORD OF THE BLADE (INCHES) .
T L . SN, E14.7)
FORMAT( /75X, "CONTROL SYSTEM SPRING RATE (IN-LB/RAD)
1 T am,E14,7)

FORMAT(//5Xs"NUHBER OF DATA POINTS

1 T =m,15)

115

120
125
130
135

140
ins

150

82

FORMAT(// 5Xs"STATION LOCATIONS (INCHES)™)

FORMAT(//7{4X,E14.7}])

FORMAT(//5Xs™MASS PER UNIT LENGTH (LB=SEC##27IN%%¥2)1)
FORMAT(//5XsMFLAPWISE BENDING STIFFNESS (LB=IN#%2)m)
FORMAT(//5XsWCHORDWISE BENDING STIFFNESS (LB=IN#%2)")
FORMAT(//5Xs"TORSIONAL STIFFNESS (LB=IN®¥2)")

FORMAT(//5Xs "DISTANCE BETWEEN MASS AND ELASTIC AXIS{INCHES)™)
FORMAT(//5X,™TWIST OF THE BLADE NOT INCLUDING THE COLLECTIVE PITCh
1{DEGREES)I™"}

FORMAT(//5X,"STARTING FREQUENCY (RAD/SECT ~ i
I =W, E14.7)

FORMAT( /75X, WHASS MOMENT OF INERTIA ABOUT THE CHURD (LB=SEC*%21M)
FORMAT(//5Xs"MASS MOMENT OF INERTTA ABOUT AN AXIS PERPENDICULAR Ta
L THE CHORD THROUGH THE CENTER OF GRAVITY(LBSSECH*®2}1m)
FORMAT(//5Xs"ENDING FREQUENCY (RAD/SEC)



http:IF(ISTAGE.EQ

l . R, S“,El"fo.?]
155 FORMAT{ /75X, "INCREMENT IN THE tHODE NUMBER-

1 S =M, 15)
160  FORMAT(//5Xs"THE NUMBER OF FREQUENCIES DETECTED WITH IN THE RANGE
1 ARE ONLY =, 15}

175  FORMAT(//5Xs"THE FOLLOWING ARE THE INTERPOLATED VALUES AT 101 £QuI
10ISTANT STATIONSY} . R

180  FORMAT{//5X,"THE FOLLCWING COLUMNS ARE 1.FREQUENCY{RAD/SEC) 2.NOND
1IMENSIONAL FREQUENCY 3.VALUE OF THE FREQUENCY DETCRHINANT RESPECTI
2VELY™)

185  FORMAT(10X,»ELl4.7515XsE1447515%X5E14.7)

190  FORMAT(//S5X»"COLLECTIVE PITCH{DEGREES)

1 oo T =M, El4,7)
195  FORMAT{//5X,"DISTANCE OF THE BLAGE FROM THE ROOT (INCHES)
L1 T T T T a1, E14,7)
sTaP e
END
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" SUBROUTINE MATFRE(N)

———— —

3
\
;?
L]
i
?

“THIS SUBRDUTINE SCANS. THE FR:GUENCY DETERHINANT WITH RESPbCT 70

)
i

" THE FREQUENCY_TILL TdE SRECIEI;DWNUHB:RJGENSIGN CHANGES ARE

"DETECTED STARTING FROM_ZERO _FREQUENCY.USES FUNCTION DET

!

OO O0O00O0!

DIHENSIUN FREQEN{lO);JKL(lOI

T TTCOMMON/X1/FREQENsHIsHsH3»ITERsIJK. . .~
.. LiK=0 et e e o — -
TTTTITRN= T T T _ T
TTTTpD 5 d=1,N_ T T
5. _dKLUJY=0 e e e e e e

__PP=aH]

TTPappHPP

F=DET(P)

T IF(ABS(F).GT.0.0001)60 TQ 10
 LdK=TJK+L
JKL(IJK)=1 — " e
T TTEREQENCIJR) =PP o
_ PPaPP+H
_P=PPRPP.
. F=DEW(P)
10 F=SIGN{1.0,F) _ o o
15 _ _ PP=pp+H e ] o
_ IF{PP.GT.H3) 60 1O 30 o e
_P=ppEpP e
___G=DET{(P] .
TIF(ABS(6).GT, O 0601160 10 20 )
CIJK=LJR+1 ) ]
o AAL{IIK)=1 i
T FREQEN{IJK)=pP )
CIF{IJK.EQ.NJGD TO 30~ ) o }
. pespP+d T . )
_P=PpxpP o ] S
F=DET(P)
_F=SIGN{(1.05F) o o
60 10 15 T T )
20  G=SIGN(1.0,6) T e
IF(F*6.6T+0.0)G0 TO 25 7 o
- TIJK=LJK+L T T T em T T
’ FREQEN(IJK)JP?: T T T e e e
IF(IJK.EQ.N)GD TO 30 T e e o

22 F=G
GO Td 13
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http:IF(IJK.EQ.N)GO.TO
http:IF(PP.GT
http:IF(ABS(F).GT

30

60
65

" 60 TO 50

ITRN=ITRN+1
IF(ITRN.GTLITER)GD TO 55
[F(IJK.EQ.D) GO TO 65
H=H/1040

00 50 J=l, IJK .
IFCIKL{J)LEQ, 1160 TO 50
PP=FREQEN(J)"

p=pppp

F2DET(P) T
FeSIGN{1.0,F}
PP=PP+H

Papp®pP

GaDET(P)

IF(ABS{G).GT,0,0001)60 I8 40 _

JKL{J)=1 i
FREQEN(J}=PP

6=SIGN(1.,0sG)

T IF{F%G,6T.0.0)60 TC 45

FREQEN{J)=PP=H
Gg 78 50
F=G

GO TO 35
CONTINUE
GO TO 30
DO 60 J=1sIJK
IF(JKL(J)«EQ.1)16GO TO 60
PP=FREQEN{J)

P=pPP*PP

F=DET{P)

PP=pPP+H

P=ppEpp

G=DET{P)

DIFF=G~F
FREQEN(J)=PP-G*H/DIFF
CONT INUE

CONTINUE

RETURN

END
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75
80

100

120

130

. SUBROUTINE PLOT(A»N)

— — - — . —— ) s -

PR P i — | P et g e

" THIS SUBROUTINE PRINTS THE NATURAL_ FREOU:NCI:S AND MODE 'SHAPES AND

" REAL LINE

 WRITE(6510)

? 1J+27)sSL{S+36) 9 ALJ+36),SL{J+45),A0J+45))

" DO 100 J4=1,51

CWRITE(6,20)

PLOTS THE t"!DDE SHAPES

— — s - - - — -

e s . r—

DIMENSION A(51);SL(51);LINE(51)

CIMMON/XZ2/J1s PPy FRESHERTZySL>» BLANK;DUT: STAR
COMMON/X1L/IND

A e e ey e T et e

WRITE(5,20)

WRITE(6530)J1s FREsHERTZsPP

_IFIN-EQ.1)WRITE(6540)
TIF(N.EQ.2)WRITE(Es50)
IF(N.EQ.3)WRITE(6560)
CWRITE(6,70) -
TIFLIND.EQ.0) 6D TG 75
WRITE(6,150) 7~
"RETURN ]
D0 80 J=1,6
WRITE(6,90) (SLEJI>ACT)sSLEI+9I3ACIFIISLUI+18) s A(J+18),SLLd+27) 5 AL

e b ————

HRITE(O:‘?O)(S_IT_(_'f_J_:A(?);SL(lé}u-'\(lé):SL(25])A(Z5}:SL(.‘H):A(B‘rlrSL{‘i
13)sA043)) e i
HRITE(&:?O)(::L(S}:Afs).tSLfl?} A(]:_Z)__ _L'Lg__} (26}}5!.(35)’;1(353?3!.(4
1435 A(44%)) . . —— )
ARITE{6590){SL{9)sA(9)sSL{18)},A(L8),SL(27},A027)s3L(301,4(38),5L(%
153311(45})

"WRITE(Hs20)

WRITE{6,10)

LINE(J)=00T
J25.0%(A{L)+1.01+1.5

TLINE(J)=STAR

TWRITE(6s110)({LINE(J)»Jd=1,51)

TLINECJ)=STAR T T

86

DJ 120 J=1,51
LINE(J)=8LANK
LINE(26}=D0T

DO 130 JJ=3,51,2
Ja25.0%(A{JJ)+1.0)+1.5

WRITE(6,140) (LINE(J)»J=1,51)
LINE(J)=BLANK
LINE(26)=D0T


http:IF(INDo.EQ

10
20

30
40

50
60

70

g0
110
140

150

T END

FORMAT{1H1) )

FQRHAT(//zx,n******¥*¢*##*********%******#T$#*T¢*****#¢¢****#$#*#*
1#*******#*#***#***#***#*#*********#*###****#**###**4#**##*T#*****#
ZE¥kdkgkm) o o L

FORMAT(//5Xs" MODE NUMBER =%,12,B8X,"FREQ. RAD/SEC =",F10.4,8X,“FRE
1G. HERTZ =" Fl0 458X, " NON-DIMEN. FREQ. =",F10.4)

FORMAT(//350Xs"FLAPWISE DEFLECTION/SEMICHORD™)

FORMATU /750X, MCHORDWISE DEFLECTIDN/StHICFORD")
FDRﬁAT(II5OX:"TDRSIGNAL DtFLECTIGN(RADIAhS}"}

"FORMAT(6(4Xs"STA A/L"s 4XsMDEFLNT") )

FDRHAT(//lZ(ZX,FB 4]

"FDRHAT(////////40X;51A1)

FORMAT(40X»51A1)

FCRMAT(//7// /75X "THE MATRIX TO | Bt INVERTtD IN ToE NMODE SHAPES CaMp
"1UTATIONS IS SINGULAR AND HENCE COMPUTATIONS ARE ABANDONDED™)

RETURN
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http:FORMAT(//2(2XF8.4l

OO0 n’

>

10

15

25

30

35

40

SUBROUTINE INTPOL{A)

THIS sueRaUTINE'EN?ERPaLATEs THE REQUIRED VALUES.

DIMENSTON A(1013sSTAC10L)>TABLE{101,1)5B(101)
COMMON /X3/STAsSPAN

COMMDON/XT/NS e
IN=0 ) e e e e .
DO 3 J=1sAS e
IFCABS(ALJ)1.LELCQ) INSIN#Y ... .
IF{INJNE.NSIGO TO_15 _ . . e
09 10 J=1,101 . — .
_A(J1=0.0, e e e
. .RETURN et e oo
. A{l101)= A(NS) e e
_ _NHMl=N$-1 e e e

~ H=SPAN/100.0

D0 20 Isl,NM1 .
TABLE(I»1)y={A(T+1)=A(T))/(STACI+1)-STACI))

XARG=R -
DD 35 1=2,100 T e

"~ DO 25J4=1sNS

TF{JeEQ.NS.OR<XARGWLE, STA(J)} 60 TO 3G

"TCONTINUE . e e
HAX=J e e,
CIF{MAX.LE.Z) MAX=2 e e
CISUB=MAX-1 o

88

YEST=TABLE(ISUB, 1)
B{I}=YEST#(XARG-STA{ISUB}) +A(ISUB)
" XARG=XARGHH
90 40 J=2,100
A{J)=s B(J)
RETURN

END



SOOI O

16

15

20

25

30

35
40

FUNCTION DET{P)

—— —— — - — i — - - i —

THIS FUNCTION CALCULATES THE VALUE OF THE FREQUENCY DETERMINANT

USES SUBROUTINE TRAMAT

— o - - — — - ——— ——

DIMENSION TF(10,10),A(6,56}
CUMMON/X&/1BC
COMMON/X6/TSR ™
COMMON/X9 /TF
COMMON/X12/DETER
CALL TRAMAT(P) =
DO 5 J=9,10

DO 5 I=15 o
A{IsJ=5)=TF(I+554)
IF{IBC—=2)10520530

DO 15 I=1s5
ACI,1)=TF{I+5,4) o
A{1,2)=TE(I+5,5)=TF(1+556)%TSR
A{I+s3)=TF{L+5,8)

GOTG 40

DD 2% Is=1,5

AlIs1)=TF(I+5,3) ) n
ALLI 2)=TF{I+555)~TF{I+5,6)%TSR
ACIS3)=TFLI+5,7)
GOTO 40

80 35 I=1,5 = CT T
A{I,1)=TF{I+5,5)~TF({I+5,6)*TSR
A{I;2)=TF(I+5,7} o
ACI,3)=TF(I+5,8)
CONTINUE

CALL SOLUTN(A»1)
DET=DETER

RETURN

END

89



R NaNe el

]

C Lo

3Q
35

40

4%
45

_ COMMON/X8/COHEGAN

T K=RUNGE(VsTadsM)

SUBROUTINE_TRAMAT(P),

. A A TR e ———— oA ok o T e

TINTEGRATION GF DIFFtRENTIAL EQUATIUNS:USES THE FUNCTION RUNGE

— —-— - — — et e A

DIMENSIGN D1(101),02(101)503(101)504(101)»D5¢101/s06(101)»07(201}>
108(101)s09(101)s010(101)5011(101),D12(101),V1(10,20),V{10)»T{10}s
2TT(51,10,10),TF(10,10} o

CDHﬁON/XSlDl)02303;DQwDJ;Dé}D?:DS;DQ;DlO;Dll,DlZ:Nl;NZ

COMNHON/XI/ITF
COHMMON/ZX10/TT ____ _ ..
g 10 J=1»10

00 5 I=1,10___
TT{1sIsd)3G.0 _
Vl(l:J}*O ¢
LTT{1sd5d)=1. 0 B
Vi{dsJ}=1.0
=0 o
_DD 45 I=3110 . —
JF{I.EQsN1+OR+I EQ NZ} 60 TU 45 B
B0 15 J’lylo___

CVJIsVIlda 1)
Jd=1

DO 40 L=1,50_

S — _— - — o e E—tn m = w=m— s -

IF{K.NE.1) GO Tg 30
EACT=P+OMEGAN
T(1)1=V(3)
T{2)=V (4}
T(3)=0L(J}#V{7I+D2(J)*ViB)
TC4)=D3(JI#V(717DL(JI*V(B)
T(51304(J)*V(6}

T(6)==P#D6 (JIEV(LI+FACTED7 () #V(2)+DBLIIFVI3)=DO (J)*V(4)+D10(J) %
1V(5)=P=D11(J) ¥V (5)
T(7)=D12(J1AVI4)+V(9)=DF{JI*V(5) _

TIT(8)=D12(UTHV (3 IFVIL0)+DBCIIHV(S)
T{9)=FACT#05(T)*V(Z)-FACT*D7{JI*V(5)

TTIT(L+L,ddy DI=VCId)

TCL0) P05 (J)*V (1) +P¥D6(II#V5)
60 T4 20
DO 35 J4=1,10

TCONTINUE — T
DB 44 JJ‘lle‘____ B
TR TI=TT{51s o 1)
CONTINUE '
RETURN

~ L = I P e

20 -
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END

91



FUNCTION RUNGE{YsFsJpN)

—— -—— — ——

" FOURTH-ORDER RUNGE=KUTTA HETHGD

c

c .
c —————- e —-—
¢

———— o

DIMENSION Y(lO))F(lO}:PHI{IO),SAV 0)
ER LS

. 60 TO(5,10,2053054C)5% _ff""_f:f“:f:ff""'
5 . RUNGE=l L T
_RETURN oo

10 DO 15 Ji=1,10
SAVEY(JJd)=Y(Jd),
_ . PHIGWI)=F{J) ___
15  Y{JJI=SAVEY{JJI+0,0L%E(JJ)
J=a+1

RUNGE=1

— fame a . mE A 4 e it % me e ARl —— .

© T RETURN T T
20" D0 25 J4=1,10" T
TUPHICJI)=PHI(JI)+2T0RF(IGY L T T T

257 T Y (Jdy=SAVEY(JITFGLO0TFF (I
7 RUNGE=1 o
T TTRETURN

3077 DO 35 JU=1,10

TPHI(JJ)=PHI(JS)+2, O*F(JJ)

357 Y{JJI=SAVEY(JUI+0.02%F(JJ) e
R L
_RUNGE=) _ L
RETURN o _ L

40 00 45 JJ=1,10 o
45 T Y{JJI=SAVEY(JJIF+(PHI(JII+F(JJ}I/300.0
H4=0

" RJINGE=0 T o
RETURN o .
END N L L

o2



[ainaNeNsNeRwN el

SUBROUTINE SHAPES(PswWsV,PHI)

THIS SUBRUUTINE CALCULATES THE MGDE SHAPES LSES THE SUBROUTINE

TRAMAT

e o e — - A e e

DIMENSION W{51)aV(51)sPHI(51)5A00s6)sTF(10,10),TT(51210,1012%(5)

20

25

30

35.

40
45

CCOMMONZXL1/7IND
COMMON/X13/X

CA(ISJ)=TF(I+45045)
_A{Is6)=20.0 e
IF(IBC-2115,29,35

" pd 40 I=2,5

COMMON/X4/1BC
COMMON/X6/TSR
COMMON/X9/TF
COMMON/X1Q/TT

CALL TRAMAT(P) —_
A(l:&)*TF(l;q%ﬂ . o
Al1s5)=TF{1,10) _
A{lsb}21.0
00 10 [=255
DU 5 J= 4’9

Alls1)=TRilp4e) 7 o
AC152)=TF(1,5)-TSR¥TF{1s6)
AC1,3}=TF(1,8]

00 20 I=2,5 T
ALIs1)=TF(I+4s4) -
ACI2)=TF(I+4,5)=TSR¥TF(I+456)
A(I>3)=TF(I+4,8)
GO TO 45
Ally1)=TF(1,3)
A(Lls2)=TF(1s5)}=TSR*[F{1s6)
ACls3)= TF(1s77

DG 30 I=2,5

A(I>L)=TE{I+4%4,3)
AlI»2)=TF{(I+4,5)— ISR*TF{I+4’6)
A{Ts3)aTF(T+4,7)

6d 70 &5 o
A{ls1)=TF(1s5)~TSR*¥TF{1s6}
AlLl,2)=TF(1,7)

A(l,3)s= TF(lyal

ACL, L)=TE(L+4, 5 T-TSR*TE(I+4,6]
AL{Ts2)=TF(1t4s7)
A(I»3)=TF{I+4,8)
CALL SOLUTN(A,2)

93



IF(IND.EQ.1) GO TO 130
. 1F(I8C=2) 100,110,120
_100__ 00 105 J=1,51 _
Wild)= x{l)*TT{J,1,4)+X(2)*(TT(J,1,5L_T§E_IT{J11:6))+X(3)*TT(J;1:SJ+
CIX(e)FTT(Ir 1590+ X(5)#TT(Js2s200 .
VIJ)aX (1) ET T s 20 4)+X(2)R{TT(ds2s 5)=TSR¥TT(Js256) ) +X(31%TT(Js2+8)+
IX(4)*TT(I22,9)+X{5)1%TT{I»2,10) .
105 PHI(JI=X(1)%TT{Js5,4)+X(2)%(TT(Js5s5)~TSR*TT{Js5,6)}+X{3)%TT(J»5,8
13 +X{4)%TT(J3559)+X(5)%TT(J»5510) _
_ RETURN ,
110 00 115 4g=1,51  __ _ oo i
AV =X LI RTTUI, 1o 3) +X (2% (TTLd, 1550 -TSRETT{Jr156) )+ X(3)#TT(Js1s7)+
1X{6)#TT{Js159)+X(5}*TT(J>1,10) _ _
VOJ) =X (1) ¥ TTCJr 25304 XC2)*(TT{J3225)=TSR*¥TTUds2,6))+X{3)4TT(Is257)+
AX(4)FTT(Js2s9)+X(5)*TT(Js2,10)
115 PHIC)=X{II¥TT(J25,3) +X{2)%(TT(J25+5)I~TSR¥TT(dr356))4X{3)%TT(Js5,7
LI+ X{4)RTTLJ559) X (51 %TT (Js5510)
T RETURN o
1207 D0 125 4=1,51

B J(J) X(l)*(TT(J11:5)“TSR*TT(J!l)ﬁ])+X(2)*TT(JJ137}+X(3}*TT(J11JB)+
. IX(Q}*TT{JJlyg)iigél*TT(J’ll10)
VIJI=X{1)#{TT(Js255)~ TSR*TT(J:ZJﬁ))+X(2}*TT(J’2:7)+X(33*TT(J)2:8)+
: i lX(GJ*TT(J’Z)g)+X(5J*TT(J;2:10) e B )
125‘ PHI{I=X(L)*{TT(Js555)~TSR¥TT{(Js5> 5)) X(Z)*TT(J}5)7)+X(3}*TT{J}5:5
N 13+X(4)*TT(J35;9)+X(5)*TT(J:5’10]
130 _RETURN

END
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50
55

60

65

70

75
80

"IF{I.EQ.IROW(ISCAN)) GO TO &G

SUBROJTINE SOLUTN(AsNI} i

DIMENSION A(656)sX(5)5IR0GYW{5}5JCOL(5),JORD(5!
COMMON/X11/IND _
COMMON/X12/DETER.
COMMON/XL3/X

IND=0

N=5

MAX=N

IF{NI.EQs2) MAX=N+1
DETER=1,0 o
DO 80 K=1;N_ R
KMl=K-1
PIVOT=0,0
DO 60 I=1sN
DO 60 JsIyN 77
IF{K.EQ.1)GD TO 55
DO 50 ISCAN=1,KH1
00 50 JSCAN=I1,KHM1

IF{J.EQ.JCOL(JSCAN)) GO TO 60 __
CONTINUE 77 ) o
IF(ABS{A(I»J))LE.ABS(PIVOTI) GO TO 60
PIVOT=A(I,J)

IROW(K) =1

JCILIK)=J

COMTINUE _ _ L
IF(ABS(PIVOT)WGT.0s1E-203GG TO_ 65 _ .
DETER=G.O

IND=1

RETURN

TROWK=IROW (K}

JCOLK=JCOL(K)
DETER=DETER®PIVAT

D3 70 J=1,MAX L _
A{IROWK,J)=A(IROWKs J1/PIVOT
ACIROWKJCOLK)=1,0/PIVOT

DD 80 I=1sN
ATJCK=A(I»JCILK)
IF{I.EQ.IROWK]) GO TO 80

AT JCOLK)==ATJCK/PIVOT

DO 75 J=1,HAX . o
IF(JJNELJCOLK) AfI>J)=A(I»J}=ATJCK*A(IROWK, J)
CONTINUE

D0 85 I=1l,N_
IROWI=IRGW (T}
JCOLI=JCOL(T)
JORD(IROWI)=JCOLI
IF{NI,EQ.1) GO TO 85



-2~

Q0

95

__INTCH=0

X(JCOLI)=A({IRGWIsMAX) - L
 CONTINUE o

CNMl=N=Ll o N

00 90 Isl,NM1 = _ _ e
ipl=I+1 ) e e e e e -
DO 90 J=IP1:N L e e e e e
IFLJORD(J).GE.JORD(I}) 60 TO 90 _

JTEMP=JORD ) T
JORD(J)=JORD(TY 7 T ]
JORD(I}=JTEMP __ T

INTCH=INTCH+1 o e e e e e
CONTINUE e e e

IF(INTCH/2%2NE JINTCH)DETER=—-DETER . __ .~~~

IF{ABS(DETER) .GT.1,0€-30)60 T0. 95
_IND=1

RETURN "0 T 0T L T T T
_.END — e e
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FORTRAN PROGRAM IT
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zEeEeXa Ny

Ly 2 o 2w BN o |

Mgk kdkk kR k ek kb ok kR ke kR A kR F L e kR kkh kR k¥
NATURAL VIBRATION CHARACTERISTICS,COUPLED FLAPWISE BENDINGs CHORD-

WISE BENDING AND TORSIONJSEE-SAW ROTOR,COLLECTIVEsCYCLIC AND
SCISSGR MODES.USES FUNCTION DET AND SUBROUTINES INTPOL,PLOT,

NATFRE AND SHAPES
sk sic e o o o K ok ook Sk o e e ke e s kol look kR ok kol de s sk e Sk ok sk e kel sk ek e e ol ok e i ke e

i — - - o datte et g - s, - — —— — .

DECLARATION AND COMMON STATEMENTS

- — - — o o - T e D il s g s e i e

REAL MASS,»KMS,KM1S»KM2S

DIMENSION F{)O1},EIL(101)E12(101),GJ(10L),KMS{101),KH1S(101)},
1IKM25¢(101) » MASS(101)»BETA(L10L)»D1(102),02{101)+D3{102}»D4(101},
2D5(101)s06(101),07(20L)»D8{101)sD9{101},010(1012}»D11(101),»
3012(101),STALIOL)Y»yPHI{S5 1L s W(51)sV(52),SL(51),FREQEN{1G)
COMMON/X1/FREQEN,H1sHZ,H3»ITER, [ JK
COMMON/X2/J1sPPY»FREYHERTZs>SLsBLANK,DOT»STAR

COMMON/X3/S5TA»SPAN

COMMON/ X4/ IRC

COMBONSXS5/DLsD2)D35D4205,06507,D8,0%,0105011,012

COMNON/XE/TSR

COMHMON/XT/NS

COMMON/XB/PMASS»CLP»SLP sCBETASSBETASCTBETASNIIN2s JSAVE
COMMON/X11/IND

COMMON/X12/0MEGAN

I — —— k. S —— - Al o st S - e —

THIS SECTION READS THE DATA OF THE SYSTERN

- — e . —— —— ———— —— . e it o e

READ(555) IBCsISTAGEsNS
READ(S5s10)SPANSOMEGA» By TSRyPMASS»CLP»SLPSRPITCHSDESR
READUS,10)Y(STALI Y s J=1sNS)Is {HASS{J)s»J=1,NS s (ET1{I)»J=1sNSIs(ETI2(.)
1,d=1sNS)» {(GI{J)sJ21sNS)» (E{J)»Jx1sNS}s (BETA{J)2Jx1sNS), (KM1IS{J),d=
21y NS ) {KH2S5{d)»J=1,NS)

READ{S5s10)HLsH2,H3

IF(ISTAGE.EQ.2) READ(5;l5}NF;ITER;BLANK;UDT:STAR,INC

PO —————— D P R S S A . . T 4 s ik . Y e e

———— o — o v s —— v~ — —— ——— A —— e A - - —

WRITE(&,20)
WRITE(&6,25)
IF{IBCLEQ.IYWRITE{H6»30) ﬁ ?,

é A 99
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IF{IBCJEQ.2)WRITE(6535)
IF(I8C+EQ.3IWRITE(6540)
IF(ISTAGE.EQa2)WRITE(6s 45)NF
WRITE(65135)H1
WRITE(6550)H2
WRITE (65150)H3
IF(ISTAGE.EQ.2)WRITE{65155)INC
WRITE(6555)SPAN
WRITE(6560 10MEGA
WRITE(6s65)8
WRITE(6570)TSR
WRITE(6,190) RPITCH
WRITE{65195)DEB
IF(PMASS.LE.0.0)60TD 200
WRITE(6,75)PMASS
WRITE(6,80)CLP

_ WRITE(6s85)SLP

200  WRITE(6590INS

WRITE{&595)
WRITE(65100) (STACJ)sJ=15NS)
WRITE{65105)
WRITE{65100) {HASS(J)sJ=1,NS)
WRITE(65110)
WRITE(65100J (EI1(J)sJa1sNS)
WRITE{65115)
WRITE(65100) (EIZ(J)sJ=1,sNS)
WRITE(65120)
WRITE(6s100)} {GJ(J)sJa1sNS)
WRITE(65125)
WRITE(65100){E(J)sJ=1,sNS)
WRITE{65130)
WRITE(65100) {BETALJ], J=1,NS)
WRITE{65140)
WRITE(65100) {KH1S(J)sJ=1,NS)
WRITE(65145)
WRITE{65100) {KH25(J},J=1,NS)
WRITE(6525)

- —

THIS SECTION CALCULATES THE SYSTEM FROPERTIES AT THE REQUIRED

STATIONS BY INTERPOLATION AND PRINTS THE INTERPOLATED VALUES

i —— —

OO OOO0O

CALL INTPOL(MASS)
CALL INTPOL(EI1}
CALL INTPOL(EIZ)
CALL INTPOL(GJ)
CALL INTPOL(E}
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CALL INTPOL(BETA}

CALL INTPOL{KM1S)

CALL INTPOLIKMZS)

WRITE{(6520)

WRITE(6225)

WRITE(6,175)

WRITE(6s25)

WRITE(6,1035)
WRITE(6,100)(HMASS{J)»d=1,101)
WRITE(6,11Q)
WRITE(6,100Y(ETI(3)»d=25101)
WRITE(6,115)
WRITE{6»100)(EI2(J)sJ=1,101)
WRITE{6»120)
WRITE(6,2100¥(GJtI)»J=15101)
WRITE(65125)
WRITE(G»100M(E(J)sJI=1,101)
WRITE(6»130)
WRITE(6,2100){BETA{I)»Jd=15101)
WRITE(6,140)

WRITE(6,100) (KM1IS(J)»J0=15101)
WRITE(6s145)
WRITE{G6>100)Y{KH2S(JS)YsJd=15101)
WRITE{6y25)

———— . — . . s - PR

THIS SECTIDON NON-DIMENSIONALIZES THE DATA AND COMPUTES THE
COEFFICIENTS OF THE FIRST-ORDOER DIFFERENTIAL EQUATIONS WHICH ARE

NOT DEPENDENT ON THE FREQUEMCIES

OO0 00

b0 205 J=1,101
KMIS5{J)=aKM1IS{JI}/HMASS ()
KMZS{J)=KM2S(J ) /MASS{IY+E{JI*EL{T)
205 KMS{J)=KM1IS{J)+KN2S(J)
NZTS=DEB/SPAN
NZ=hZTS+1
D0 206 I=NZ,101
2g6 BETA(I)=BETA(I}+RPITCH
PI=4,0%ATAN{1.0)
GMEGA=0OMEGA*PI/30.0
OMEGAS=0HEGA*OMEGA
SPANS=SPAN#®SPAN
BS=B=g
TSR=TSR*SPANS*SPAN/(EI1(1)#*BS)
FACT=SQRT(MASS{1)*SPANS*SPANS/EIL1{1))
OMEGAN=FACT*FACT#*0OMEGAS

1ol



210

215

220

225

102

IF(PMASS.LE.O.0) SLPaSPAN
PMASS*PHASS/(SPAN*¥MASS(1)%*386.4)
CLP=CLP/B

SLP=SLP/SPAN

Fl=BS/SPANS

N1=50,0%SLP+0.5

NZ=h1+1

JSAVE=ZEN1+1

H4=PMASS*SLP

SBE=BETA{JSAVE)

CBETA=COS({SBE)

SBETA=SIN(SBE}
CTBETA=CBETA*CBETA=SBETA*SBETA
DO 210 J=1,101
D5{J)=MASS{JY/HASS(])

X=20,0 ’

H5=0.017/24 .0

pg 215 J=1,101
D2(J)a05{J)*HE*X

XuX+0,0]

D12(101}=0.0
D12(100)=9,0%D2(101)+19,0*%D2{100)=5,0%D2({99}+D2{98)
DO 220 Jd=2,99

L Wd=101-J4d

D12(J4)=2D12(J+1)=-D2{J+2)+13.0*{D2(J+1)+D2(J))=D2(J=1)
D12(1)=D12(2)+D2(4)-5.0%D2(3)+19.0%D2(2}+9.0%*D2(1)
DO 225 J=1,J5AVE ’
D12{J)=D12{J)+Hs

XBG.O

DO 230 J=1,101

BETA({J)=PI*RETA{J)/180.0

C=COS{BETA{J)}

S=SINIBETA(JI))

CS=C*C

$S=S5%S

AL1=FEI1{J)*CS+EI2(J)#*5S

AlZ2=2(EI2{J}-EI1(J))1%C*S

A22=EI1{J)*SS+EI2(J}*#CS

DeAll#*A22«A12%A12

DI(J)=—EL1(3)*A12/D

D2(J)=ETIL1(1)%A22/D

D3{J)I=EI1({1)*A11/D

Da(J)=EI1(1)*F1/GJ(J)

D6{J)=DS{JI*E(JI) /B

D7(J)=D6(J)%S

De{J)=D6{J)*C

DB(J}=D6{J EX*0OMEGAN

DY{J)=DTLJI*X*OANEGAN
DI0(J)=OMEGAN*DS{JI*(KM2S{J)—KM1S{J)}*{LS5~55)/BS
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246

247

D11{J)=D5(J)*KMS{J) /8BS
D12(J)=D12{J)*OMEGAN
X=X+0.01

Hl=H1*FACT

HZ=H2*FACT

H3=H3¥FACT
IF{ISTAGE.EQ.2) GO TO 240

THIS SECTICN CALCULATES THE FREQUENCY DETERHINANTS OF THE SYSTEM

- - —— -

WRITE(6,20)
WRITE(6,25)
WRITE(6,180)
WRITE(6225)

P=HI*H1
IF{HL.GT.H3) GO TO 265
FR=HL/FACT

F=DET(P)
WRITE(&s185)FRyH1HF
Hl=H1+H2

GOTO 235

THIS SECTION CALCULATES THE NATURAL FREQUENCIES AND THE ASSOCIATED
HODAL FUNCTIONS OF THE SYSTEM.MODAL FUNCTIONS ARE NORMALIZED WITH

RESPECT TO THE MAXIMUM DEFLECTION OF THE PREDOMINANT MODE

—— e A e ——— - —-— —

CALL NATFRE{NF)
SL{1}=0.0

D0 245 J=1,50
SLEJ+1)=5L{J}+0.02
IF(IJK.EQ.0) GO TO 261
DO 260 J=1,1JK
J1=Jd+INE

PP=FREQEN(J)

P=PP*PP
IF((JI+IBCI+EQ+2.ANDLOMEGALLESO.0) G0 TG 2%6
CALL SHAPES(PsW»V,?HI)
GO TG 248

DO 247 I=1,51
V{I})=5L{I)

Wi{I}=0.0

PHI({I)=0.0

GO 7O 256 103


http:SL(J+1)=SL(J)+O.02

248 IF(IND.EQ.1) GO TO 256
AMAX=W(1)
DO 250 I=1,51
IFCABS (AMAX)Y eLT.ABSIWII)I)AMAX=Y ()
IF(ABS (AMAX) « LT ABSIV(I})})ARAX=V(I)
250 IF(ABS(AMAXY JLTLABS{PHI{I))IAMAX=PHI(I)
B0 255 I=1,51
WlI)=w{I)/AMAX
VII)Y=V(I)/AMAX
255 PHI(I)=PHI{I)/ANAX
254 CONTINUE
FRE=PP/FACT
HERTZ=FRE/(2.0%PI)
CALL PLET(W»1)
CALL PLBT(V»2)
CALL PLOT(PHI»3)
260 CONTINUE
261 IF{IJKJLT<NF) WRITE(E5160) IJK
265 IF{ISTAGE.EQ.1) WRITE(6,25)

c

C TR - - -

c FORMATS

C - -

C

5 T FORMATIIL>I1»1I3)

10 FGRMAT(5EL4.7}

15 FORMAT(IZ2,1I1,3A1,12)

20 FORMAT(1HL)

25 FORMAT (/72X Mok deok stk ook sk ok ok o o sk ok ok ok oo ko sl oo ok ook ok o koo ok o ok ok skokok
] e e ok e e Ao ook o ok Rk o ko ROk ok ko skl ok ok ok ok Kk ki ok o ok ok ok ok ok ok Sk ok R
S¥kkdopn}

30 FORMAT(/735Xs"NATURE OF THE MDDES"»19X,0COLLECTIVE MODESM)

35 FGRMAT{//35Xs"NATURE OF THE MODES™»19X,¥#CYCLIC MODESY)

40 FORMAT(//735Xs "NATURE OF THE MODESM",19X,9SCISSQR MODEST)

45 FORMAT{//5Xs "NUMBER (OF FREQUENCIES REQUIRED
1 =0,15)

50 FORMAT(//5Xs "FREQUENCY INCREMENT(RAD/SEC)

1 =My, E14.,7)

55 FORMAT(//5Xs"LENGTH OF THE BLADE (INCHES)

1 ‘“’ El"l?)

60 FORMAT(//5X»"ROTATIONAL VELOCITY OF THE BLADE (RPM)

1 =My £14,7)

65 FORMAT(//5Xs "SEMI-CHORD OF THE BLADE (INCHES)

1 ’ sMyE1l4.7)

70 FORMAT(//5Xs"CONTROL SYSTEM SPRING RATE (IN-LB/RAD}

1 =y E1l4.7)

75 FORMAT(//5Xs "™WEIGHT OF THE SENSOR (LB}

1 ="y E14.7)

80 FCRMAT(/7/5X,"CHORDWISE LOCATION OF THE SENSOR {INCHES)


http:IF(IJK.LT.NF

85

AL

35

100
105
11¢
115
120
125
130
135

140
145

150
155
160
175
180
185
190

1G5

1 alty£14,7)
FORMATC//5X» "SPANWISE LOCATIGN OF THE SENSOR (INCHES)

1 my,E14.7)
FORMAT(//5Xs"NUMBER OF DATA POINTS

1 ! =B,15}) -

FORMAT( /7 SX»PSTATION LOCATIONS (INCHES)®)

FORMAT{//7(4X5EL14.7))

FORMAT{//5Xs"MASS PER UNIT LENGTH {(LB~SEC#HEZ2/INR%2)M)
FORMAT(//5XsMFLAPWISE BENDING STIFFNESS {(LB=IN**2)")
FORMAT(//5XsWCHORDUWISE BENDING STIFFNESS {LB-—IN®*2)m1)
FORMAT(//5Xs"TORSIONAL STIFFNESS {(LB-IN*%2)}9)
FURMAT(//5X»"DISTANCE BETWEEN MASS AND ELASTIC AXIS(INCHES)IWM)
FORMATL{//5XsWTWIST OF THE BLADE NOT INCLUDING THE COLLECTIVE PITCH
1{DEGREES)I#)

FORMAT(//5Xs"STARTING FREQUENCY (RAD/SEC)
1 q *1,E14.7)
FORMATL/7/5X, " MASS MOMENT OF INERTIA ABOUT THE CHORD {(LB-SEC#%2)m)
FORMAT(//5Xs"MASS MOMENT OF INERTIA ABQUT AN AXIS PERDENDICULAR Ta
1THE CHORD THROUGH THE CENTER QOF GRAVITY (LB-SEC**2)m)

FORMAT(//5Xs "ENDING FREQUENCY (RAD/SEC)

i at,El4.7)
FORMATL//5Xs"INCREMENY IN THE MODE NUMBER

1 =1, 15)
FORMAT(//5X» WTHE NUMBER OF FREQUENCIES DETECTED WITH IM THE RANGE

1 ARE ONLY =", 15)

FCRMAT(//5X"THE FOLLOWIMNG ARE THE INTERPGLATED VALUES AT 101 EQUID
1ISTANT STATIONS™)

FORMATU(//5Xs"THE FOLLOWING COLUMNS ARE 1.FREQUENCY{RAD/SEC} 2.NOND
IIMENSIUONAL FREQUENCY 3.VALUE OF THE FRECUENCY DETERMINANT RESPECTI
2VELY®)

FORMAT(10XsE14.7515XE14.7515XsE14,.7)

FORMAT(//5Xs "COLLECTIVE PITCH{DEGREES)

1 =M, E14.7)
FORMAT(//5X,"DISTANCE OF THE BLADE FROH THE R0ODT {INCHES)
1 sy, £14,7)
S5TCP
END
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SUBROUTINE NMATERE(N)

- i ———— — — any -

THIS SUBROUTINE SCANS THE FREQUENCY DETERMINANT WITH RESPECT TO
THE FREQUENCY TILL THE SPECIFIED NUMBER OF SIGN CHANGES ARE
DETECTED STARTING FROM ZERO FREQUENCY.USES FUNCTION DET

DIMENSION FREQEN(I0),JKL(1D)
COHMON/X1/FREQENSH1»HsH3»ITERS I JK
IJK=(

ITRN=0Q

DG 5 J=1sN

JKL{J)=O

PP=H1

P=pPpP*pp

F=0ET(P)
IF{ABS{F}.GT.0.0001)G0 TO 10
TJK=TJK+1

JEL(IJK) =1

FREQEN(IJK)=PP

PPePP+H

P=pPPxpp

F=DET{P)

F=S1IGN(1l.0sF)

PP=PP+H

IF(PP.GT.H3) GO TO 30
P=pPP*PP

G=DET(P)
IF(ABS(G).GT.0,0001)G60 TO 2¢C
TJK=1JdK+1

JKL{IJK)=]

FREQEN(IJK)=PP
IF(IJKLEQ.NYGD TO 30

PP=ppP+H

Pepp%pp

F=DETIP)

FSIGN{1.0sF)

G0 .T0 15

GxSIGN{1.05G)
IF{F#*Ge6T«Ge0)GCO TO 25
IJK=IJK+1

FREQEN(IJK}=PP~H
IF(IJKLEQ.NYGD TO 30

F=G

GO TOQ 15



30

35

4Q

45
50

55

60
65

ITRN=ITRN+1
IF(ITRN.GTL.ITERIGO TO 55
IF(IJK.EQ.0} GO TQ 65
H=H/1G.0

DO 50 JalsIJK

[F(JKL(J) .EQ.1)60 TO 50
PP=FREQEN(J)

Pxpp PP

F=DET(P)

F=SIGN{1.0,F)

PP=PP+H

P=PPpP

G=DET(P)
IF(ABS(G).6T.0,0001)G0 TO 40
JKL(J}=1

FREQEN{J) =p®

60 T0 50

6=SIGN{1.0s6)
IF{F#G.GT.0.0)60 TO 45
FREQEN(J)=PP=H

G0 To 50

F=G

60 TQ 35

CONTINUE

6C TO 30

DO 60 J=1,IJK
IF(JKL{J).EQ,1160 TO 60
PP=FREQEN{J)

P=PP#PP

F=DET(P)

PP=pPP+H

Pappapp

G=DET(P)

DIFF=G—Ff

FREGEN(J) =PP=G*H/DIFF
CONTINUE

CONTINUE

RETURN

END
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SUBROUTINE PLOT(A,N)

¢
C — — ——— — - P e s e ek i i b e i A e S S e
¢ THIS SUBROUTINE PRINTS THE NATURAL FREQUENCIES AND MODE SHAPES AND
c .
c PLOTS THE MODE SHAPES
C —————— - ——
C
REAL LINE
DIMENSION A{51)sS5SLUIS1)sLINE(ST)
COMMON/X2/J1sPPsFRESHERTZ»SLsBLANK,DOT»STAR
COMMON/X11/IND
WRITE(6»10)
WRITE(6520)
WRITE(6530)J15FRE>HERTZIHPP
WRITE(6520)
IF{NLEQ.LIWRITE(6540)
IFINLEQ.2)WRITE(&s50)
IF{N.EQ.3)WRITE(6560)
WRITE(6,70)
IF{IND.EQ.,Q) GO TO 75
WRITE(6,150)
RETURN
75 DO 80 J=1,6

BG WRITE(GsGOMSLIJ)» ALY SLIJ+9),A{d+G),SL{J+18)sA0J+18)5SLCI+2T) AL
1J+27)»SL{J436)2A{J+36)sSLI{J+45)sA(J+45))
WRITE(G6»90MISLE{TYIs AT »SL{16)aAL16)sSL{25),A125)sSL{34}5A(34)sSL14
13)sA(43))
WRITE(6»903{SLIB)sA{BYsSL{LT7)»A(1733L(Z206)2A(20)s5L(35)A(35}sSL1(4
14)5A144))
WRITE(G6,>T03{SLIGY»A({9)>SLIL8Y,A(18),S5L{27),A(27)>5L{386)}>A136)sSL{4
15)sA045))
WRITE(&520)
WRITE(H,10)
g 100 J=1,51
100 LINE(J)=DOT
JE25,0%{A{1)+1.0)#1.5
LINE{J)=STAR
WRITE(62L1GY{LINE(J])»da1,y51)
DO 120 Jd=1s51
120 LINE{J)=BLANK
LINE{26}=D0T
DO 130 JJd=3»5152
J=25,05{A{JII+1.0}+1.5
LINE{J)=5TAR
WRITE{G»140Y{LINE(JS),JI=1s51)
LINE(J}=BLANK
130 LINE{26}=D0T

108 -
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FGRMAT{1HL1}

FORMAT (/7 /2Ky Mkhkh bk ekt ek p ke kR e ik bk kR R gk R e
JE LT T e P T P T T P S R e R L R T T T R T T P os S g
2% dka kAN ) ‘

FORMAT(//5Xs™ MODE NUMBER =U,[Zy8X»"FREQ. RAD/SEC ="3F10.4y BX»!"FRE
1Q. HERTZ =My F10.,458%Xs¥ NON=-DIMEN. FREQG. =UoF10.4)

FORMAT{//750Xs"FLAPWISE DEFLECTION/SEMICHGRD")

FORMAT( /750X "CHORDWISE DEFLECTION/SEMICHORDY}

FORMAT{//55Xs"TORSIONAL DEFLECTION®Y)

FORMAT{6{4X»"STA X/LMs4X,"DEFLNY))

FORHAT{//1212X»F844))

FOGRMAT(2/77777780X551A1)

FORMAT{40Xs514A1)

FORMAT(//7/77775XsMTHE MATRIX TO BE INVERTED IN THE MODE SHAPES CONMP
IUTATIONS IS SINGULAR AND HENCE COMPUTATIONS ARE ASANDONDED®™)}

RETURN

END
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SUBROUTINE INTPOLI(A}

- i s i —

THIS SUBROUTINE INTERPULATES THE REQUIRED VALUES.

- —

DIMENSION A{101)sSTA{101),TABLE(101-1),68(101)
COMMON /X3/STAsSPAN .
COMMON/XT/NS

INzg

DO 5 J=1sNS

IF(ABS(A(J])+LESQ.0) IN=IN+1
IF{INJNEJNSIGO TO 15

DO 10 J=1,101

A(J)=0.0

RETURN

A(101)}=A(NS)

NH1=NS-1

Do 20 I=1,NH1
TABLE(I»1)={A(T+1)~A(I))/{STA(I+1)~STA{I})
H=SFPAN/100,0 -

XARG=H

00 35 I=2,100

DO 25J=1,NS$

IF{J.EQ.NS.ORLXARG.LE.STA(J)} GO TO 30
CONTINUE

HAX=y

IF{MAX+LE.Z) MAX=2

ISUB=MAX-1.

YEST=TABLE{ISUB,1)
B(I)=YEST#{XARG~STA{ISUB))+A(ISUB)
XRARG=XARG+HH

PC 40 J=2,100

A(J)= B{J]

RETURN

ENC
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FUNCTION DET{(P)

ek T S S S S Y A ol D el —— o — T S — NS AP - g . . N . S sy i

THIS FUNCTION CALCULATES THE VALUE OF THE FREQUENCY DETERMINANT

USES SUBROUTINE TRAMAT

- —— ——— —— - —

DIMENSION TF{10s10}sA(555),IROWIS)},»JCOL{5)5J0RDI(5)
COMHON/X4/1BC

COMMON/X6/TSR

COMMON/XSG /TF

CALL TRAMAT(P)

08 5 J=9,140

DO 5 I=1,5

A{I»Jd-5)=TF{145,4)
IF{IBC-2)10,20,530

D8 15 I=1.5

AlL,1)=TF{I+5,4)
A(Is2}=TF(I+555)=TF(I+5,6)*TSR
A(Is3)=2TF(I+5,8)

GOTO %0

DO 25 I[=1s5

A(I»1}=TF{I+5s3)
A(I,2)=TF{I+5,3)=TF{I+5,6)*TSR
A(Is3)=TF(I+5,7)

G810 40

00 35 I=1,5
ALI>1)=sTF{I+5:5}-TF{I+5,6}%TSR
A{I,2)aTF(I+5,7)
A(I,3)2TF{I+5,8)

COMTINUE -

N=5

DET=1.0

DO 80 K=1»N

KH¥l=K-1

PIVOT=0.0

D0 60 I=1lsH

DG 60 J=1sN

IF{(K.EQ.1) GO TO 55

DO 50 ISCAN=1,KM1

DO 50 JSCAN=1,KHM1
IF(I.EQ.IRQW(ISCANY) GO TO €0
IF{JLEQ.JCOL(JSCANIY GO TO 60
CONTINUE
IF(ABS(A(L,d))LELABS(PIVET)) GG TO &0
PIVOT=A(I,)

TRGW(K) =1
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JCOL(K)=J
CONTINUE

IF(ABS(PIVOT).GT40.1E~=20) GO TO 45

DET=C.0

RETURN

IROWK=IROW(K}
JCELK=JCOL (K}
DET=DET»PIVOT

DO 70 J=1,N
AUIROWK»J)=A{TROWK,J)/PIVOT
A(IROWK,JCOLK)=Y.0/PIVOT
00 80 I=1sN
AIJCh=A{1,J4COLK)
IF{1.EQ.IROWK) GO TO 80
A{IsJCOLK)==ATJCK/PIVOT
DO 75 J=1sN

IF(JoNE«JCOLK) A(I»J)=A{Isd)=ATJCKHFA{IROWK, 4}

CONTINUE

PO 85 I=1i,N

IRCWI=IROW(LI)

JCOLI=JCOL(I)
JCRD{IROWI)=JCOLTY

INTCH=0

NM1l=N=]1

D0 90 I=1,NM1

IPlal+l

06 90 J=IP1sN

IF(JORD{J) GELJORO(I)Y G0 TC 90
JTEMP=JORD{J}

JORD(S)I=JORDI(I}

JORDII)Y=JdTEMP

INTCH=INYTCH+1

CONTINUE
IF(INTCH/2%2 . NEJINTCHIDET==DET
RETURN

END
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SUBROUTINE TRAMAT(P)

S Sy . Sl e S A S P AV -, . T i —— — -— . — -

THIS SUBROUTINE COMPUTES THE TRASMISSION MATRIX THROUGH THE SYSTEM

USES THE SUBREOUTINES INTG AMD MATHUL

——— - ——— —— o — o — — —-—

DIMENSION TF{10,10)»TT{(51,10,10)sPT(10,10)5A(10510)sB(10,10)sC{10>»

1109

COMMON/XB8/PMASSCLPs»SLP»CBETA,SBETA»CTBETASNLI»N2sJSAVE
CCHMMON/X9 /TF

COMMON/X10/TT
COMMON/X12/0HEGAN

DO 10 1=1»10

B0 5 J=1,10

TT(1s154)=0.0

PT(Is4)=0.0

TT{1,I5»1)=1.0 .
PT{IsIl}=l.0C
PT(651)==P*PHASSECLPRCBETA
PT(10,1)=P*PMASS
PT{OsZ2)=2(P4OMEGANY*PMASS*CLP*SBETA
PT(9,2)={P+CMEGAN)*PMASS
PT{6s5)={=P+OMEGAN®CTBETAY*PHASS*CLP*CLP
PT({T7s5)==0MEGANXPMASS*C LP%SLP
PT{8s5)=—PT(7s5)2CBETA
PT{T725)=PT(7»5)%SBETA
PT(G»5)a—PT{6s2)}
PT(10,5)==pPT{hs1} ~

IK=N1

CALL INTG({Ps1sIK,s1)
IF{H1.GE.50) 60 TO 15

IJ=N2

IL=JSAVE

CALL INTG({PsIJs50»1IL)

D0 20 1=1,10

DO 20 J=1,10
A{IsJd}=TT(NZ2»15J)

CALL MATMULIPT24,8)

N=NzZz+1

IF(N.GT.51) 60 70 40

DO 35 I=Ns51

DC 25 Jd=1,10

00 25 K=1,10

AlJrK)}=TT(IsJsK)

CALL MATHMULIASB»C)

D0 30 J=1,10

113
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D0 30 K=l,10
TT{IsdsK)2ClJIsK)
CONTINUE

GO TO 50

00 45 I=i,190

DO 45 J=1,10
TT{51,IsJ)=8B(I,J)
DO 55 I=1,10

DO 55 J=1,10
TE(IsJ)=aTT(51s154)
RETURN

END
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SUBRGUTINE INTG{Ps>NIsNJ,NK)

- i ———— gy S AP RS S M i . U T T L et Tl R A W A o

—— —— e e ——

DIMENSION D1{101),02(101)»D3(10L)sD4{1013sD5(101)s06{101)sD7{101),»
108{16G1),09{101),D10{101)s012(201),D12¢10C1),VI{10,10)},V{10)sT{20)»
2TT(51,10510)

COMMON/X5/D1,D2,034D04905,D65D075082D9,010,D115D12

COMMON/XL12/0MEGAN

COMMON/X10/TT ’

DG 10 J=1,10

bg 5 1I=1,10

Vi{I,4)=0.,0

Vi{JsJd)=1.0

M=Q

DO 45 I=1,1%0

DO 15 J=1,10

Vidl=vi(Jl, I

J=NK

DO 40 L=MNIsNJ

K=RUNGE(V»TrJs M)

IF{K.MEL1) GO TG 30

FACT=P+0OMEGAN

T(1ll=V(3)

T(2}=V{4)

T(3)=D1(J)xV{(7)+D2({J}*V (8]

T{4)=D3(J)*V{7Y+DL(J)Y2V {8}

Ti(5)=D4{J)xV{6)

T{6)=~P*D&(JI*V{1VY+FACTHD7{JI*V{2}+DE{JIEVI3}=09{J12V{4}+D1C{I )%
IVIS)=-P*DIL(I)IXV{E)

T{?)=012(J1*V{4)+V{9)1-DI({J1*VI(5]}

TE8)=D12(J):VI31+V{101+DB(J)=V(5)

T(O)=FACT»*DS{JY*V{2)~FACT*D7{J)*V(5)

TL1G0)=P#DS(J1%:V {11 +P#*DE{ I} %V (5}

GO TO 20

DG 35 JJ=1,10
TTI(L+1s 04> 13=V{JJ]}

CGNTINUE
CONTINUE

RETURN

END
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FUNCTION RUNGE(YsS»Js M)

- i S s i i s ——— s — -

FGURTH-ORDER RUNGE-KUTTA METHOD

DIMENSION Y(10)sF(10)sPHI{1I0)»SAVEY(10)

M=M+1

GQ T0(5,10,205,30,40)s M
RUNGE=1

RETURN

B0 15 JJ=1,10
SAVEY{dJi=Y{JJ)
PHI{JJd)=F(Jdd)
Y{JJ)=SAVEY(JJI+0.01%F{JJ)
J=J+1

RUNGE=1

RETURN

DO 25 Jd=1,10
PHI(JJ)Y=PHI{JJYI+2.,0*F(JJ)
Y{JJ)=SAVEY{IJ)}+0.01*F({JJ)
RUNGE=1

RETURN

00 35 Jd=1,10
PHI{JJI=PHI(JII+2,0%F(JJ}
Y{JJI=SAVEY(JJ)+0,02%F{JJ}
RENE 31

RUNGE=1

RETURN

DO 45 JJ=1,10

CY(JII=SSAVEY(JIIH{PHI(JII+F(JJI) /30040

H=0
RUNGE=Q
RETURN
END
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SUBROUTINE MATMUL({AsB,C)

—— et o —— ——

HATRIX MULTIPLICATION

-— — —— o

DIMENSION A(105101,B(10s10),C(10,10)
DO 5 I=1,10

060 5 J=1,10

ClI»J)=0.0

00 5 K=1,10
ClIsJ)=sC(InsJ)+A{I,KI¥*B(Ks»J)

RETURN

END

T
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SUBROUTINE SHAPES({PsWs Vs PHI)

THIS SUBROUTINE CALCULATES THE MODE SHAPES.USES THE SUBROUTINE

TRAMAT

i - —— s

Qo OO OO,

DIMENSION W(51),V{51}sPHI(S51)sA(656)}sTF(10510),TT(51510510)5X(5)>»
1IROW(5)»JdCOL{5)530RD{5)
COMMON/X4/1BC
COMMON/XE6/TSR
COMMON/X9/TF
COMMON/ZXYIOQ/TT
COMMON/X1L/IND
IND=0
CALL TRAMATIP)
A{l>4)=TF(1s9)
All»5)=TF{1,10)
A{lsH}=1.0
DO 10 I=2,5
DO 5 J=4,5
5 AlI»J)=sTF(I+45J0+45)
190 A{I»6)=0.0
IF{IBC-2115225,35
15 A{1,133TF(1s4)
A{l1,2)=TF(1s5)~TSRETF(156)
A(l»3)=TF{1»8)
DO 20 1=2,5
A{I,1)aTE(I+454) ;
A(Is2)aTF{I+4s5)-TSR¥TF{I1+4,6}

20 A(Ls3)}nTF(I+458)
GG TG 45
25 A{ly1)=TF (1,3}

A{1p2)aTF(1sS3)—TSR*TF{1s06)}
Al{l,3)a TF(1,7)

DO 30 I=2,5

AlTp1)aTF(I+4s3)
AlIs21=TF{I+4s5)~TSRETF(I+458)

3o AlIs3)=TF(I+4,7)
GO 7O 45
35 A{ls1)}=TF(1s5)-TSR*TF(1,6)

A{l,2)=TF(1,7)
A(ly3)xTF(1,8)}
DO 40 Is2,5
AlIs1)=TE{I+4s5)-TSR*TF{1+4,6)
A{I»2)aTF(I+457)

49 A(I,3)aTF(1+458)
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45

50
55

60

65

70

75
80

85

N=5

MAX=N+1
DETER=1.,0
DO BO K=1lsN
KMlaK=-1
PLVOT=0.0
B0 60 I=lisN
DO 60 J=1»N

TF{K.EQ,11)G0 TO 55

D0 50 ISCANa=1,KM1

00 50 JSCAN=1,KHM1
IF{IEQ.IROW{ISCAN}} GO 7O 60
IF(JLEQ.JCOL{JSCAN)Y GO TO 60
CONTINUE
IF(ABS(A(I,JY)LLEJABS{PIVOT)} GO TO &0
PIVOT=A(1,4)

IROW(K}=I

JCOL (K]} =y

CONTINUE
IF(ABS(PIVGT)«6T.0.1E-202GE TO 65
IND=1 g

RETURN

IROWK=IROW(K)

JCOLK=J4COL {K)
DETER=DETER#*PIVOT

DG 70 J=1,MAX ~
A{IROWK,»J)=A{IROWK, J) /PIVOT
A(IROWK, JCOLK)Y=1.0/PIVOT

DC 80 I=1sN '
AIJCK=A{I,JCOLK)
IF{I.EQ.IROWK} GO TO 80O

 A(I»JCOLK)==AIJCK/PIVOT

DO 75 JulsMAX

IF(J . NELJCOLK) ALI,J)=A(I,3)=ATJCK*A (IROKKsJ)
CONTINUE

DG 65 I=1,N

IRCWI=IROW(I)

JCOLI=JcoL(I}

JORD (IROWI)=JCOLT
X(JCOLIY=A{IROWE, MAX)

INTCH=0

Nhl=h~-1

D0 90 I=1,NM1

IP1=1+1

DG 90 J=IPL1,N
IF(JORD(J)LGELJORD(I}} 60 TO 90
JTEMP=JORD (J)

JORD (J)=JORD ().

JURD{LI)=JTENP
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90

95
100

105

110

115

120

iz5

130

120

INTCHSINTCH+1

CONTINUE

IF{INTCH/2%2 . NELINTCHIDETER=-DETER

IF{ABS(DETER)W+GT.1,0E~30)60 TOQ 95

IND=1

RETURN

IF(IBC-2)100,110,120

DO 105 J=1,51

W) =X (1) =TT I, 1, 4) +X{2)%(TTLd,Ls5)~TSRETT(J>1s6)}+X(3)¥TT{J»1,8)+
IX(4)*TT{Js 1o N +X{5)*TT(J51510)

VI =X {1 #TT U2, 43 +X(2)F(TT(Js255)~TSRETT(JS2,6))+X(31%TT{Js258)+
LX (4 eTT{ds2,93+X(5)%TT1I,2510)

PHI(J)aX(1}*TT{Js554 )+X(2}*{TT(J:5,§)-TSR*TT(J:5:6))+X(3)*TT(J:5;B
L) +X{4)*TT{Js5,9)+X(5)%TT(J»5510)

RETURN

DO 115 J=1,51

WYX {1)*TT(Js1s3)+X[2)%{TT{Js1s5)- TSR*TT(J:I:&))+X[3)*TT(J;1,7)+
IXUa)2TT(Js 1o P +X{5I*TTLI,1,10)
VIJIsX{LIFTT{S»2s3)+X(2)k(TT{Js2s5)=TSR*¥TT(J5256)¥+X{3)*¥TT{Js2,7)+
IX(a)*TT{J»2,9)+X(5)*TT1Js2510)

PHI(J)=X(1)%TT I 5,30 +X(2)%{TT (Js5s5)=TSR*=TT(JI»556))+X{3)}FTT(Js5,7
L)+X(4)¥ETT{ds5,9)+X(5)*TT{Js5510)

RETURN

DO 125 J=1,s51

W JIaX{13F(TTIJsLs5)=TSR*¥TT(Jslsb))+X(2)FTT{Js1s7)+X(3)%TT(Js1s8)%
IX(4)#TT{Js1s9}+X(5)%TT{J51510)

VEJ)=X (L) #(TT(Js2s5)=TSR*¥TT{Js256) )+ X(2)%TT{Jr2TI+X{3)*TT(J»258)+
IX{4)ETT{Js25s9}+X{5)%TT{Js2510)
PHI(JI=X{1)*{TT(Js5s5)=TSR*ETT(Js5,6))+X{2)*TT(Js5,7)+X(3)*TT{J»558
11+X{4)*TT(Js5,91+X(5)1*TT(J»5,10)

FOGRMAT(//5X,MTHE MATRIX TO BE INVERTED IS SINGULAR IN THE HBDE
1SHAPES COMPUTATIONS AND HENCE ABANDONDEDY)

RETURN

END



FORTRAN PROGRAM ITII
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s NeEsNeNe Nyl

Iy Yy

CrHoy Oy 2

e L e e e LT

NATURAL VIBRATION CHARACTERISTICSsPURE TDR)IUN;US:S FUNCTION DET

AND SUBROUTINES' INTPDL:PLDT;NATFRQ_AND SHAPcS )

¥k akkEkhk kR R Rk kkkokb bk **-,***#*w##*#**##*ﬁ#*##*v***###**#;*g*#

REAL MASSsKM1SsKM2S,KMS
DIMENSIGON GJ{10L1)sKM1IS(LOL)sKM25(101)»KMNS(L01)MASS(LOL)»DL(201])>

102{101l:DS(lOll:bTA(lOl)JPHI(51}:3L{511;FREQEN(10)

CUHHDY/XI/FRtQtN;Hl)HZ:HB:ITER:IJK L
CGHHUN/XZ/JI:PP:FRE;HERTZ:SL:BLANKJDUT)STAR
COMMON/X3/STA»SPAN
COMMON/X4/D15D2503
COMMON/XS/TSR o L
COMMON/XA/NS

T COMMON/X7/PMASS,CLP,SLP»NI,N2,JSAVE

COMMON/XLL/OMEG AN

——— — - - o ———— — — ———— o —

THIS SECTIDN READS THE DATA OF THE SYSTEM

o —— ——

s

READ(5:3)ISTQGE)N5 o
READ(5510)SPAN, B TSRy OMEGA
READ(5,101PMASS»CLP,SLP )
READ(S55,10){STA(J) »Jd=1s NS}y (MASS(J)»J=1,NS)s{6J(J)}sd=1sNS)s
HKMLIS{J)s d=L1s NS ) s (KMZ2S (J ) J=15NS)

READ(5»10)HL,HZ,H3 N

IF(ISTAGE EQ 2)READ(5)15)NF:ITER,BLANK:DGT}STAR:INC

THIS SECTION PRINTS THE DATA_OF THE SYSTEA

- - - — —— — e bt e M i el s S ————

- emena s e w

WRITE{6,20) _
WRITE(6525) T
IF(ISTAGE.EQ.2)WRITE(6,30)NF
WRITE(6535)HL

ARITE{6540)H2

WRITE(6545)H3 _
IF{ISTAGE.EQ.2) WRITE(6s50) INC __
ARITE(6555)SPAN

WRITE(6560) OHEGA

WRITE(6+65)8

WRITE(6s70)TSR.

IF(PMASS.LE.0.0)G0 TO 200
WRITE(6,75)PMASS

WRITE(6580)CLP

WRITE(6585)5LP
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http:COMMON/XI/FREQENH1IH2,H3,ITERI.JK

comonoo

?

oo 0omoo

" WRITE(65105)_

WRITE(6590)NS
ARITE(6595)
NRITE(é;lOO)(STA(J);J leS)

WRITE(65100)(MASS(J)sJ=1sNS) _
WRITE(6,110}

WRITE(6,100)(Gd (JY»Jd=1sNS) _ _

ARITE(6,115)__ _
WRITE(65100) (KM1S(J)sd=1sNS)

\
b e gt = a s e = an e 2

WRITE{6,120]}

WRITE(65,100) (KM2SLJYsd=1sNS)

WRITE(6s25)

. T

e e s

ol S P D g e e P et

ot e sy

jTH;s SECTION_CALCULATES. THE svsren PROPERTIES AT THE REQUIRED

STATID“S BY INTERPULATION AND PRINTS THE _INTERPOLATED VALUES

CALL INTPOL (MASS) e = e e e e =
,M_EALL INTPOLCGIY
__ CALL INTPOL(BETA} _ e
_CALL INTPOLUIKMIS) e e e
_CALL 'INTPOL{KHM2S) _ e T
TWRITE(6,20) s
WRITE(6525) o e .
wRITE(é;lZ:} L e -
WRITEl6s25) _ o e e e .
WRITE(6,105) e — -

© WRITE(65100)(MASS(J)»d=15101)

"WRITE(65110)

124

WRITE(6,100)(6d(J3,Jd21,101) _
WRITE(6,115)

WRITE(6,100) (KH1S(I)»d=1,101)

WRITE(6,120)

WRITE(6s100) (KM2S{J)sJd=1,101)

WRITE(6,25)

THIS SECTION COMPUTES THE NDN-DIHENSIBNAL CBEFFICIEhTS UF THE

FIRST-ORDER DIFFERENTIAL EQUATIONS

—— i e e e s v -

BS=8%8 T
SPANS=SPAN*SPAN o N
F1=BS/SPANS -
PI=4.0*ATAN{(L.O)

OMEGA=0NEGA*P I/30.0



FACT=MASS{1)%#SPANS*SPANS/GJ(L)
JMEGAN=(OMEGA*OMEGA®FACT
FACT=SQRT(FACT) o
TSR=TSR* SPANS*SPAN/(GJ(1)#BS)
IF{PMASS.LE.+O.C)ISLP=SPAN
PMASS=PMASS/(SP AN¥HASS (1)%386.%)
CLP=CLP/B
SLP=SLP/SPAN
N1=50.,0%SLP+0.5
N2sN1+1
JSAVEa2SNL1+1
D0 205 J=1,101 o
KMS (u)=KM1S(J)+KM2S(J)
DI(UI=GU(LI*FL/GJ(4)
D2 (J ) =0HEGAN® (KM2STJ)-KM1S(U) I/ (HASS (1 i*8S)’
205 03{J)sKnstJ/anSS(li*BSJ_
H1xHL*FACT
 HZ=H2#FACT
H3=H3%FACT
IF(ISTAGE.EQ.2)60 TO 215

——— ———— — —— T = — . - -

THII SECTIGN CALCULATES THE_ FREQUENCY DcTERMINANTS oF THE SYSTEM

—— ——— — —— e

CrOTIO O

ARITE(6,20)
WRITE(Hs25)
ARITE(65130)
ARITE(6225)

210  P=Hl%H1 T
[F{dl.6T.A3160 70245
FRaHL/FACT
F=DET(P} o
WRITE(6»135)FR,HIsF
Hl=Hl+H2
GaTG210

P -— - —— - ——r —— g " o T — - . Y A, S B Y e

THIS SECTION CALCULATES THE NATURAL FREQUENCIES AND THE ASSOCIATED

O0AL FUNCTIONS

o o e o e e bl i S ey W S A e e S A D A T < A S S o A . . s T P — —— —

MNMOOOOO MO,

15  CALL NATFRE(NF)
SL{1)=0.0
00220 J=1,59

220 SL{J+1)=SL{J)+0.02

PO 240 J=1,I1JK

J1=J+INC
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http:SL(J+i)=SL(J)O.02

PP=FREJEN(J) -
P=PpPxpPP o . e e .
oo CALL SHAPES({P,PHI)Y .
o L AMAXSPHICLY o
DO 225 I=1,51
225  IF(ABS{AMAX]. LT ABS(PHI(I]))ANAX_P&LJI}
ba 230 I=1,51
230 PHI(I)=PHI{I)/ANHAX
FRE=PP/FACT
’._HERTZ=FRE/(2 O*PI}
235 "7 CALL PLOT{PHI)
240  CONTINUE e
IF(IJKWLT.NFIWRITE(65,140) . .. .
IF(ISTAGE.EQ. 1JWRITE(6)25} e e et

- E—————— e 1 e 4n e = e =

245  _CONTINUE _ e e e
G e e e e e — .
C_ e TeTTomT TSI i e . e
C _ _ _FORMATS 1 o i
C. T T T A ST TSI T T T T - :
¢ - e
5 7 FORMAT(IL,I3) e
10 FORMAT(SEL&4,7) _ e o .
15  FORMAT(I2,11,3A1,12) . )
20 | _FORMATC(1HI)
25 FORMAT( //Zx“#******#*##****#*#****#*##***##*#*******#*#*##*#*#*#*#
) '1:au:r***#***#**#*##****#*#**#*4:*****#**##*#**#*#**###**#*###**#*#***#
L 2wk awgn) -
30 FURMAT{//5X»"NUMBER OF FREQUENCIES REQUIRED _
1 L . =, [5)
35 7 FORMAT(7/5Xs "STARTING FREQUENCY(RAD/SEC) o
1 e =, E14.7)
40  FORMAT{//5X,WFREQUENCY INCREMENT(RAD/SEC) _ .
1 ) L . . =yE14,7)
45  FORMAT{//5Xs"ENDING FREQUENCY (RAD/SEC)
1 L ) . . =M,E14,7)
50 FORMAT{//5X»®INCREMENT IN THE MODE NUMBER :
1 =N,15)
55  FORMAT(//5X»"LENGTH OF THE BLADE{INCHES) :
1 . =M, E14,7)
60  FORMAT(//5Xs"ROTATIONAL VELOCITY QF THE BLADE(RPH)
1 L =M,E14,7)
63 FORMAT(//5X»"SENI=CHORD AT _THE ROGT(INCHES)
1 e =M, E14,7)
70 FORMAT(//5X>®CORTROL SYSTEM SPRING RATE(IN=LB/RAD)
T T o L EMyEL4.T)
75 7 T FORMAT(7/5XsWWEIGHT OF THE §§§§ggigg;."M””__f_” oo T
1 -“.' 51407)
80 FDRMAT(//JX;"CHDRDNISE LOCATION OF THE PROBE(INCHES!
1 A, Ei4.7)
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FORMAT(//5X,"SPANWISE LGCATION OF THE PROBE{INCHES)

1 =H,E14,7)

FORMAT(//5Xs"NUMBER _OF DATA PUINTS = .

1 L =M, 15}

FDRﬂAT(lI5X:"STATEUN LOCATIDNS(I“CHES}")

FORMAT{//7{4XsE1l4.7})

FORMAT{//5Xs"MASS PER UNIT LENGT%(LB SEC**Z)")

FURMAT(//5X>PTORSIONAL STIFF\ESS(LB IN**C)")

FORMAT(//5X5"HASS MDHENT gF IhtRTIA ABUUT THE CHORD{L3-SEC**%2) 1)

FOGRMAT(//5Xs™MASS HUHENT arF INERTIA ABGUT AN AXIS PERPENDICULAR TO
1 THE CHORD THROUGH THE CENTER GOF GRAVITY(Qﬁ:SEC**Z]")

FURMAT(//72Xs "THE FGLLDJING ARE THE INTERPOLATED VALUES AT 101 EQUI
IDISTANT STATIONS™)

FORMAT{//5X»M"THE FOLLOWING CDLUNNS ARE 1. FR:QUENCY(RADIS:C)Z NON-D
1IMENSIONAL FREQUENCY3.VALUE OF THE_ FREQUENCY DETERIMINANT RESPECTL
ZVELY™)

FORMAT( 10X, ELl4, 7:15&)514 7;15X:t¥im13

FURHAT(//bX’"THE NUWBFR UF FREQUENCIES DET&CTED WITHIN THE RANGE A
1RE OMLY o =",15)

StTge

END
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VOO OTS

e _-___...

10
15

SUBRDUTINE NATFRE(N} _

"THIS SUBROUTINE SCANS THE FREQUENCY DETERMLNANT WITH RESPECT TO
THE FREQUENCY TILL THE SPECIFIED NUHBER _OF_SIGN. CHANGES ARE

_ DETECTED STARTING FROM ZERD. FREQUENCY USES FUNCTION DET
"DIMENSION FREQEN(IO0),JKL(ilOY . " ™
COMMON/AL/FREQENsH1sHy H3, ITER,IJK ~  _  °
1JK=Q s )

 ITRN=O T T T T i

DB 5 Jsi,N_ L }
JKL{dy=g T ) - -

pPaH1 o o

pappxpp T R

T F=DET(P) ) oo
T IF(ABS(F).6T.0,0001)60 YO 10 T T "
B T AT R ~ )
CJKLUIJK)=1 ) - B )
TFREQEN{IJK)=PP o
CPP=PPEH o T e
T psppEpp o - -
“f=pERC(P» -
F*SIGN(1.0,F) _~—~ —~~—~-— ——— """~ "
_PPEPPeH T T o -
TP=ppRPP e .

20

25

T GaDET(PY
IJK=IJK+1 .
JKL(IJK)I=1
FREGEN(IJK}=PP '
IF(IJK.EQ.N1IGD TO 30
IF(PP.GE.H3) GO TO 30
PP=PP+H

T IF(ABS(GY.67.0,0001)60 TGO zo N

J. —— g - -

_ p=ppipp T "
FuDET(P)
FsSIGN(L.0sF) . ]
60 10 15 _ ) e e
6=SIGN(1.05G) e s
IFIF#6.6T.0.0)60 T0 25 ~ -
T IdKaTyK+l e e .
FREQEN ( [JK) =B P=H L T o
IF(TJK.EQ.NJGO TO 30 e ' o

IF(PP.GT.H3) GO 7O 30
F=G
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http:IF(PP.GT.H3
http:G=SIGN(I.OG
http:F=SIGN(1.OF

30

35

&80

P=PPAPP

"IFLF#G.6T.0.0360 TO 45

TG Ta 30

60 TO 15

ITRN=ITRN+1
IF(ITRN.GT.ITERIGO TQ 55
H=H/10.0
DD 50 Jsl,LJK
IF (JKL{4).EQ.1}68 70 50
PP=FREQEN(J!

FaDET(P) )
FESIGN(1a0sF}
PP=pP+H

Pappepp
G=DET(P) _
IF(ABS(6),6T.0,000L)60 TO 40
JKLEJ) =1
FREQEN(J)=PP
60 T8 50
6=SIGN(1.0126)

FREQEN(J)=PP=H
GO TO 50

F=6

G0 TQ 35
CONTINUE

DO 60 J=1,T1JK
IF(JKL(J).EQ.1)60 TO 60
PP=FREQEN(J)

PEpP®pP

F=DET(P)

PPaPP+H

P=pPp*pP

G=DET(P)

DIFF=G-F -
FREGEN(J)=PP=G*H/DIFF
CONTINUE

RETURN

END _
SUBROUTINE PLOT(A)
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OO,

U WRITE(6,20)
T JRITE(6,60)

75
a0

T T41sal44))

100

_REAL LINE

— i —— — g ot — -——— —— ——

CTHIS, SUBROUTLNE_PRINTS. THE. NAIU&ALﬁEREQUENQlﬁé AND. _MODE SHAPES _AND

PLOTS THE MODE SHAPES

—— . — — - - ——
J— . - et ae vrememoae ans o b e r——— -

OIMENSION A(51),SL(51)sLINE(51)_ -
COMMON/X2/J1,PPs FRE,HERTZ,SL»BLANK,DOTs STAR
WRITE(6510)
CWRITE(6,20) —
WRITE{6530) J1sFRESHERTZs PP

_HRITE(6,70}
DT 30 J=1s6

 ARITE(6590) (SLLJIsACI)IsSLLI+9)sALJ+9),SL (J+18I,ALI+18),SLLd+27) s Al

1+27)sSLLI+36),A(J+36)sSLIJ+45)sALJ+45) ) )
WRITE(6590)(SUIT)sA(T)aSLILE)»AL16)5SL(25)2AL25)55L{34),A(34)s5L0(%
13):&(43!) )

WRITE(6590){SLIBIsA(BYSLILT}»A{17)sSLI26)sA026)sSL{35)5a035}25L0(4%

WRITE(6590)(SL{9)sA(9),SLI1B),A(1B),SLU27)»A(27)5SLL35)9A(36),5LL4
A51saAle9Y)Y T T -

WRITE(&,20) _
WRITE(6,10)
D3 100_J=1,51

T LINE(JY=0OT

C J=25.0%(A(1)+1 07415

TTLINE{J)=STAR

120

WRITE(6,110)(LINECIY,Jd=1,51)
DO 120 J=1,51
LINE(J)=BLANK

T LINE(26)=00T

DO 130 Jd=3,51s2
J=25, 0*(A(JJ)+1.0)+1 y 5
CLINE(J)=STAR

TWRITE(6,140)(LINE(J)sJ=1551)

130
10
<0
30

60

LINE(J)=BLANK
LINE(26)=D0OT

FORMAT({1H1} S
FURMAT(//ZX,"***#*#####***##***********#****#***#***#**###*#**###*

1####***##*#####*#****#*ﬁ##*#*###**¢*¢*¢**¢* ***#*#################
FEEF T LN

‘FORMAT(//5X,® MOGE NUMBER =", T258X,"FREQ. RAD/SEC 39,F10.%4,8Xs"FRE

1Q¢ HERTZ =",F10.4s8X," NON-DIMENs FREQ. =M,F10.4)

FORMAT(//55X, "TORSIONAL DEFLECTION")
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http:SL(16),A_16)SL(.5A

70
90 -
110
140

FORMAT(B(4X»"STA X/LMs4XsMDEFLNT))

FORMAT(//12(2Xs FB. 4))
FIRMAT(//4/1//740X,5LAL)
FORMAT{40X,51AL )

RETURN

END -~ PO
SUBROUTINE INTPOL(A)
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THIS SUBROUTINE INTERPOLATES. THE REQUIRED VALUES. e

[

OO0

DIMENSION AC1013»STA(10L)}»TABLE(101s1)5B(10L)
COMMON /X3/STA, SPAN e
_ COMMON/X6/NS T T
IN=0 e e e e e ‘ .
DO 5 J=15N§ _ ) T e o
5 T IF(ABS(A{J)).LE.0Ge0) IN=IN+1. o
TE(IN.NE.NS)GO TO 15 R
. D0 10 Jd=ls101 ____ _ . o oTTmmmemmTTme T )
10 . A{J¥=Q.0 T o T T T N
7 T TRETURN 0 T T
15 A(101)=AiNS) o T
L MM1snsel o T
7 7Dd 20 I=1suM1
20 TABLE(I, 1)=(A(I+1}-A(I})!{STA{I+1)-STA(I)}
_ “H=SPAN/lGO.O T T o
T XARG=H o e
bo 35 Isg,100 T T T T
_ by 25J=1’NS o .
T IF(U.EQ.NS.ORWXARG.LE.STALJ)) 60 7O 30
25 ~ T CONTINUE _ T
30 "MAX=J L
IF(NAXL(E.2) HAX=2 oo )
ISUB=HMAX-L s
CUYESTSTABLE(ISUB,1) e i -
B{I)=YEST*(XARG~STAT(ISUB})+ACiSUBY =~ i
35 XKARG=XARG#H T T mmmmmem T el
. DO 40 J=2s100 T T T
40 A{dl= BLd) o
RETURN B o
END _ ) i T
FUNCTION DET(P) )
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http:IF(ABS(A(J).LE.00

SAOOOOO0n

. — " —— T — i W S S — o S — . T S W i S vy

UE 1 FREQUENCY OETERMINANTS

DIMENSION TF(2s2)
COMMONSXS/TSR
COMRONZXI/TF

Cati TRAHAT(P)
DET=TF{2s 1)-TSR*TF{2,2)
RETURN

END

SUBROUTINE TRAMAT(P)
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USES THE SUSROUTINES INTG AND MATHUL e et

- — -
- NI g

r:nfwrfn?fn

DIMENSION TF(2,2)15TT(5152,2)PT(222),A0252),8(2,2),C(2,2}
COMMON/X7/PHASS»CLP»SLPsN1, N2s JSAVE

COMMON/X9 /TF |
COMMON/X10/TT
COMMON/XLL/0MEGAN
pa 10 I=1,2
00 5 J=1s2
TT(1s154d320.0
PT(I,Jd1=0.0

T yrasisn=i0 —~— o~—— — — "
100 T PTHI,I)=1.0
PT{2,1)a({~P+OMEGAN) *PHASS*CLP¥CLP _
IX=N1
CALL INTG(P,1,IKs1}
CIF{N1.GE.50) GO_TO_ 15
Id=N2
IL=JSAVE o
CALL INTG(P,IJ350,IL)

e R LT s be - -

15 pO 20 I=1,2 L o e
DG 20 J=1l.2 e
20 AlI,d)= TT(NZ,I,JJ e
CALL MATHUL(PTsA»8) e e
NaNZ+1

o) o e v - -

IF{N.GT.51) 60 TQ 40
DA 35 I=N,51

DO 25 J=1,2

DO 25 K=1,2

25  A(JsKI=TIT(I,dsK)}

CALL HATHUL (A58 ,C)
D0 30 J=1,2
DO 30 K=1,2

30 TT{IsdsK)=C{J5K}
35 CONTINUE - e
3 TO 50 )
40 DU 45 I=1;2 -
DO 45 J=1,2 _ - I
45 TT{51,15J1=3(I5J) N
507700 55 I3l,2 ———
DU 55 J=1,2 n )
55 TF(I»d}=TT(515154)
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RETURN


http:IFCN.GT.51
http:IF(N1.GE.50

END
SUBROUTINE INTG(PsNIsNJsNK)
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T INTEGRATION & _EL_,_D,LFFE&ENTIAL_E_OUALLUJQSA_U;S_ES__THE__F_U’\iCTIDN aumes___,_-f’

—— ety e e

DIMENSION Dl(lOIJ:DZIIOI}:DB(IOl} VI,LZA:Z})V(d}:T(ZJ:TT(bl) 2,2}
COMMGON/X4/D1sD2,03

CDHI"!DN/XLO/TT e .
DO 10 J=1s2 e
B0 5 I=l,2 - e
Vi(Isd)=0.Q
10 V31i{JdsJ)=1.0 . e
- H=0 o . e
049 45 I=ly2 o
) pQ 1% Jgai,2 . .
15  MlJi¥=sv)leds1) _ }
L Jd=NK e e .
L DG 40 L= NI:NJ e }
20 K= RUNGE(V:T,JJH} [
25 IF{K NE.1) GO TU 30 ) o
T(l)*Dl(J)*V(Z) L
o T{Z} DZ(J)*V(I) P*D3(J)*V(13 e
. GD 70 20 L
30 DU 35 Jd= 1:2 o L
35 TT(L+1, JJ;IF‘V(JJ) L
40 CONTINUE R
45 CONTINUE | e
 RETURN _ e o o
END e e B}
FUNCTION_RUNGE{Y»FsdoH) T
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e NeNsEREsg]

FOURTH-GRDER RUNGE-KUTTA METHOD 77 7

DIMENSION Y(2), F(21,PHI(2),SAVEY(2)
M=H+1

G0 T0(5510520530,40)sH4 o
RUNGE=L B
RETURN. ] S
DD 19 JJ=1,2 I
SAVEY(JJ)=Y{4J) o
PHI(J) =F (I8 _
Y{JJISSAVEY (JJ) 40, 01%F (JJ) ) ]
Jsd+1 ) )
RUNGE=L o L
_ RETURN _ - o
D0 25 Jd=ls2 j
PHICJII=PHI(JJ)+2.0%F(JJ) - .
Y{JJY=SAVEY (JJI+0.0L¥F (JJ)
RUNGE=1 o
RE TURN o L
BO 35 JJ=1,2 o L L
PHI(JJ1=PAT(3J)+Z,0%F(JJ) -
Y(JI)SAVEY LI +G.02%F (JJ) o
J=J+1 L .
RUNGE=L ) e -
RETURN e o

D0 45 dl=1,2 o
Y{JJ)=SAVEY(JJ)+(PHI(JI)I+F(JJ)1/300,0

M=0 .

RUNGE=0
RETURN
END

SUBROUTINE MATHUL(A5B5C) DR
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END

— - - [ - ———— e
- — v = = —— — = et e — ——
—— — —————— — e e et e - -

oo MATRIX HULTIPLICATION. —— -

DIMENSICGN A(2,2),8(2,2}5C(2,2) e
B0 5-I=1s2

.00 5 J=12 . ... SR

L C(Isd)=0.0 e e
D0 5 K=1s2_ . . o
ClIvJ)=ClI ) #A(ISKI*BIK>IY .
RETURN . e



PP OICY IO Y

—— — —— ——— - - —— ——— pr

THIS SUBROUTINE CALCULATES THE MCDE SHAPES.USES

TRAMAT

e ey e —

s

T TP

DIMENS ION PHI(51);TT(5132:2} T

COMMON/X5/ TSR R
CUMMON/XLO/TT o
CALL TRAMAT(PI o T
80 5 J=1,51 -

PHICJ)=TTCIs1sL)-TSR¥TT(J,1s2) _ _
RETURN

END e e
END _ _ e o

—— et S

——

THE SUBROUTINE

———— o o —t—— — —— —— . — ——"

139



SAMPLE OUTPUT

?m-snmﬁmmm,v B

LANK

141



b At a mm———— R e —— y

-0, ,1000000E+0]

T.2i00000E401

-3090

T T T T T T NATURE OF THF MNDES COLLECTIVE MODES ) o . AR
T T T T T T T T e e s T LT
. MUMBER OF FREQUENCIES REQUIRED - . e e = . T e e aam -
STARTING FREAUENCY (RAN/SECY . _ . . i T e L T e T I L ST
FREQUENCY. TNCREMENT (RAD/SECY - ) T T T T T — #_ . .5000000E40) e
T ENDING EREQUENCY (RAD/SECY T . . e T T T m o _aBO0ON00E$03 T
T INCREMENT IN THE MODE NUMBER ] STt o Ts T 0 T L
7 LENGTH DF_THE. ﬁL]f;&;__gI__r«_!rHES) T - " T T I T = o enmn00Ee0y T T T
ROTATTONAL VéL’ﬁQI_I."!:QE.ﬁ&,E_." BLADE _(RPM) T LT T L T = TLamanpoo€eod T T
SEMI-CHORD OF THE BLADE (INCHES) . . R A _ - = L 6500000FE+01
CONTROL_SYSTEM_SPRING RATE (IN-LB/RAD) L LT T T = .2P50000E+06 _ -
COLLECTIVE PITCHIDEGREES) T T T T A . 150000E 02 -
u e .":_"_'_""_T:"L T T T e T T e
n_ DISTANCE OF_THE BLADE FROM_THE ROOT {INCHES) - e e m e T - ¢ 1850000E+02 ——
»n ' - . e e e ——— — o
K] T T T § o - i i - —
¥ _NUMBER OF DATA POINYS - e _ = 3%
7 i
T — — e e e e -
5___ STATION_LOGATIONS {INCHES) - e - — . e ——
4
3 - — - - —— — - —— g e -t

NO0F +N1 «3500000E+DY «5500000E+0D}Y «A250000E+0}



Y

@ ¢ & e g @ 3

£

2

|3

T e e N oW

PvT

_aREQOGN0EFOY.__ ... +1025000Es02 L110000DF+0?

W1IS0000E02 . L1850000F+02_  _ POGONOAE+NP
T _.45h0000E+02 . . S00000DE+02 JEG0ND0OE +02
T 1P00D00ESD3. . _ 1800N00E+03 L1880000E+03
o ___MASS .RER.UNIT LENGTH (LA~SEC#82/IN##2)

L1760000E- hé—:f:m_.xvsnnpnF ne L60900NDNE=02

W b4300D0EDE L 6160000E~-02 L6160000E-02

T ABBOONOE-DZ . L 246D00OE-02 2540000F =02

+1040000E-D2_ _ _ L85NN0DOE-03 LT7500D00E~03
e LBBN00NOE=03_ _ _ L6600000E-D3 «2070000F =02
 _ FiAPWISF _BFNDING, STIFFMESS_(LR-IN#&2)

STTDO000E+DR L 7700000E+0R _ +5160000E+09
«1380000E+09___ . 4320000E+09 +4320000F +09
25600008409 2116R000E+09 SEROODNDE+OS .
<1100000£+08 "~ ° ,A5G0000E+07 +6S00000F+07
«5B20000E407 " L BRZ0000E+07 «TS6D000E«07
CHORDWISE BENDING STIFFNESS (LR-IN®#2)
<26BANONE+DT 7T [,26B0N00F+09 S6BNOOODF+09
s T420000E¢09 +5180000E+09 +S1RNNGNE+09
1170000409 .117nonnf+oq +4150000E+09
+4250000E+09 +3950000E +09 L36500N0E+09
«2340000€+09 "~ _.Eaﬁpoonsooﬁ »PRINOGAF+09

TORSTONAL STIFENESS (LA-INev2)

L G240000E+0R
+1660000E+09
«30TOOONE+DO”

T 1350000E408
T 69R0000E3 07"

«9240000E+0A
+5180000F+09
L1330000F+n0
.10B0000E+0R

TTL69BONDNE+0T

SHTANQ00E+09
fS1AG0N0E+DG
«JI0DDLANF 09
JANAODGRELQT
LASAAONDE+NT

DISTANCF BETWEFN MASS AND FLASTIC AXIS(TNCHES)

IP000D0E+02

«2200000E 40P _ _

«HOD0000F+02
«2O500N0E+03

6990000E=02

$4430000E02

JPSLOOD0E-ND,

«AA00N00NE-03

«20T0A00Ewnp

51600008206
«3A150000E+09

«S400000E+0A

+S5R20004F 40T _
.7560000F+07

+6EN0ND0E+0G
+2000A00E+09 _
LA50000NE 00

«IITBO00E+ 00

«2A30000E+09

+6190000E409
<3R3DNNDE+09
LAS00000F +0R
«6OBON0NE+DT
JAORDO0NF+0T

,1350000E+02 14000006402 41650000E+02
L3000000E+02 L3500DD0E+02 L000000E+02
L L900BANDF#0R _LLN20000E+03_____ ,1100000E+03
.. .2 2070000E+0D] . +209000NELD3 _+2118000E«03 —
40400ﬂnE-QZ______.&D4BQQQF-02 .QQTQDDQE:QE_HH_“"___“_
_J$i3QQ&DE:ﬁ2__ o __JAN30C00E=02 ,2)170000E=02
_e1T60000F=02 . __ W 14B0000E~02 _ __ 41220000E«02
. eBBhONNQE~N3_ . __ ,P110000E=02 ___ ,2110000E~02__ -
e BOO00DORE~03 ___ (6600000E-03___ ,2380000E-02
2 1160000F+09 L13IRO000E+09 L1380000E+09
+3190000E+00 __+3100000E+09______ ,2560000E409_ _
T, 2ABONNOE+08 L2000000E+08° L 1400000E+08___
o gsaapnnnr+07 o 62H000DE+QT T 6260000E407
L 5820000E+07 L5A20000E+07___ . 5B20000E+07
L1160000E+09 L1420000E409 _  ,1420000E+09 -
CeE000000F+09_ L 1170000E+09 T L 1170000E+G9 —
L BolliapaF«09 " L5000000E+09 A6 0N00DE+GT
«2400000F+05 LPABDOD0ECDS . ,23B0000E+05 -
.2340000F+09 «2340000E+09  (234N000E+069 T
L1390000F+09 __J)660000F409 T ,1660000E+09 o
+3RI000NE+DO +3720000F+09 T L30T0000E+09
.3800000E+08 PRO000GE+0A L1B00000E+0B_
.6980000E+07 +EORDNDOF+GT_ L 69RN000E40T
.69800ﬂ0F+07 .6980000E+07 S .

+698N000E+0T



http:AROOOOOOE.07
http:IOOOF.OQ
http:olq0O..OT
http:IJTOOOOE.OQ
http:IROOOOOE.O8
http:PSOOOOOE.OR
http:11600oE.O9
http:0loa3000E.O9
http:20)50000E.03

] _________!J_n . N, 0, LY e 19 N, . . e
0 e D 0. . De . . ... . . - o . Mo 0,
\ 0. N we 1OMANNOE +00 e tRONNOOE+OD -.20000Nn0E+00 ~oJ500000E+00_ __ __ =,2500000E«+00
@ L, T6GADOOF DN ~.1600000F+NN0 =~ 1&6000DAOF + 00 ~.1600000F+00 - 40000NOF+00 .3900000E+00 »3900000E+00__
.3_0___(_)_:1_00&00 -~ 30000GHE+ 0D JTENONAOF +0D LT6ONN0NE +0Q0 =~y INONONOE+DD _ -.3000000F+gp_ -, 3000000E+00 L
o _ T N
T_!u'__l_ﬁLQF__THF AL ADE HOT INCLUDING THE COALLECYIVF PITCHINDEGREFS) _ - ~ . o o o ——
o T . ) ] I
O R (1Y . N 0. . . _ T | PV | P
L Y | 1Y (U e Na ., 0 . e e
@ Oy e 0. =RP000N0F =N ~e 1920000E4+00 ~e 6310000F+00 .QOQOUDOEODO . =e 1T9000GEsOY ___
. .1453000F+01 . __-.1727000?'001 w, PNNZ2N00F+ 01 -«P2THNO0E4Q] = =,3521000E+00 = ,4579000E+01 _ =-,5018000FE«0)_
.‘5566000!!#01 R .8856000F+01 w P80 00F+N0] =~ IO0P2TOOF ¢ 02 -.10337035,*02 . .1044TOOE+02 . .1060090_E1-02____q_"~"_
] R T, S —— e e —— —
___MASS MOMENT OF INERTIA ABOUT THE CHORD (LR=SECH##2) TeomTTITm T T -
D - . —— e - e e e e
‘g_".‘, r— 1 v e weau . o 0. P o ﬂl nl 0‘. o T . 0’ - D!_. ok m— . mim — c— P ——
G 0. I | 1 LU N, Na O, . .. 0, .
[ . N -lBlﬂOﬂnE 02 JIT20D0NE=NP JNEA00D0E-07 | L9100n00E=-03_ _«BTOONOOE-D3 ¢ .4100000F-03 e
«3000000E=03_ ,@30'0000{: 03 LIB00D00F~03 2 1500000F=n3 +1500000F=-03 «3400000E~-03 «3400000E= 03
[ s 1500000E-03 +1500000E-D2 SPERMNONDF~N3 +2500000E~DJI +150000n0E~03 +1500000E~03 .15000065"03 e
MASS. MOMENT _OF_INERTIA ABOUT AN_AXIS PERPFNDICHLAR TO THE CHORD THROUGH THE CENTER OF GRAVITY(LB-SECwWea)y = =W mr—r==-——
A P PR 0, N R T | PO - PN
0, Oy [, 0, Ne - _. e e et W0 O
0. W 1100000F~01 L 11AO000F~01 L1230000E-01 .1330000F-01 J1370000E~01 .1260000E-01 . . .
LILB0000E=0L __ .1070N00F=01 LORIOBOOF~02 VARTONOOE~07 L6B10000F~02 LA20NBODE~02 «8200000€E-02 " """
L6810000E=02 6810000E~02 LA3GNONOF =02 JAB90000E~02 ___ _ J6B10000E=02_ . _.6A10000E-02 _ _ .6BL0000E-02 -
cmanmann»gaﬂzuaan{égﬁggj}f}i_ggﬁﬁ_uuggnnaunuanuuuauunmmuuuuunnmmmsnﬂnuuun_wuuﬂﬁ»Mt_i_tg?u_q-lg_ug_ny_guuu_nuuuuuu_gg?_u_?_é:{io't_sﬁg*nnnguuacmn e ——
12
; eI . T T
10 L. " T TTTTT -
; T ' B — —
: e . - " o o - S e -
7 [ T T
3 e == s I I I
bl I - . . ———
— o ) L i e = e en
3 ) o L S T e e


http:MEXNT.DF
http:S700000E..03
http:276000DE.QJ
http:1727000F.01
http:Iq2OOA0E.00

€ e 6 © o © B =

<

9FT

—

ﬂﬁﬂﬂﬂﬁﬂﬂ#ﬂﬂ*ﬂﬂﬂﬂﬁ&#ﬁﬂﬂﬁﬂﬂﬂ#ﬂﬁ“ﬁﬁﬂhﬂ%ﬂﬂﬂﬁhﬂ*ﬂuﬂﬂ*ﬂﬂﬂﬂﬂ*ﬂﬂﬂ*ﬂ%ﬂ*ﬁ%ﬁ“*#ﬁ#ﬂﬂﬁ#hﬂﬂﬁﬂ#ﬂb*ﬂ’*ﬂﬂ“ﬁﬁﬁﬁﬁ“ﬂ“ﬂ“ﬂﬂﬂﬁﬂ“ﬂ“l&ﬂ“ﬁﬁﬂﬂﬁﬂ.ﬂ#ﬂﬂﬂ*

____*_IHE_FQLLQHINP ARE THE INTFPPOLATED VALUFG AT 10

W 1760000E-02 _ _

. 2T4BASEF-0R

«1T93930E~02
. «1058792E~02_
.6TPSZHOF -03
.6600000? -03__
-GﬁonﬂﬂﬂE 03 _
-?llﬂDnﬂF 07"
.BﬁlﬂéﬂoF 03

T .6600000E-DT T T

S 6600000F~03 7

[PURE——

.2070000E_02

L6600000E~03

FLAPWISE BENDTNG STIFFNESS (LE~IN®#2)

L TT000R0E+OR

W 8921584E+G97
T 29131086408
— L )i31350€wn8TT

W BG14656E+07

T WL 5AZADODEYOT T

JGAZANONF+07

J6600000E=-03 "

_MASS_PER_UNIY LENGTH

:'}6990nnnﬁlnz

L \2929240E-02
_ «16A08B0E=-n2

e 49793520E-03
. 6600000E-03

«6600000E~03
«TB9TTS0E~03

T +2110000E-02
T 660R000F-03

J6eON000DE=GI T,

«660N000F-03
.660n000F-03
LBRONDONE<03
__+0692875F =03
.20700005 02
.lDTHQ&3F 0z

+5160D00E+09
L 2560000E+09

TT.2514800E30A

T J6260000E407
«SA8124BE+07

_ .SR20000F+07
WSA20000E+07
T JS820000E4QT

. +5AZ000G0E0T
N < 15600008407

L1020200E+0R

T .5620000E+07

".5820000F+07

«5859380F «07
+G2HENN0NE+0T
+5820000E+07
«SB20000F +07
+DR2N00GF + 07
+5820000E+07
+SB26525F 407
TLTRG00N0E+07

ILBLSECa#R /TN SD)

+ADA0DBOFR-02
2 2489973F=02
« 1542272F =02
+A9RRGANDF -0
ZHENN000E-03
«GH6NNNONE-N]
1048T00F=02
«L1I00NDDE-02
LAEOANDOE-DT
LAHEONO0DF=-03
+HEN0000F-03
«H60000NF-03
« | 0IRBAGBE=-N?
+2NTOONOE~N?
SPABNNNOF=N?

«1240960E+09
«ORG162TF+0R
«P17TAP0E+DA
«9143000F+07
«SAZANOOESOT
+5820N00F+07
«EA3TN4OR+0T
«H2A0N00DE+07
«SAZ0NODF +0T
SRR2DNONELOT
JSRZNNNF+0T
fSHANONOF40T
«HPATIFOF+0T
«TRAN0ONF+NT

EQUINDTSTANT STATIONS e

«36TROEGRE-NR | _
2540000Ea02
«142THRABE=Q2

+B8333600E~03

SBAN0ANOF=0T _
w6600000E=03

21301 625602
+20902R0E=07
+6600000E-03

2 GGE00NN0F =03

«EHENDONNNE-N3
LGEONBNGE-03
«14118A2E =02
«2070000F=07

+1380000E+09
+ST2R000E+0R

JIATAZR0E+ 0

JAYOETZN0E+0T
«SRZ0000E+0T
JSRZ0N00F«0T
EN14TNBE+OT
62540 T1RF 0T
«SR2NNNOE 40T
«HA20000E+07
«SRPONODF+0T
JSHR20000F+07
BTHTASRE+NT
S TI560NONE+0T

“ﬂﬁ*“;ﬂh#*hﬁﬁﬂ“ﬂ“ﬁ#ﬂ*%ﬂﬂh;gﬁﬂﬂ#ﬂﬁﬁﬂﬂﬂﬂﬁH#%ﬁﬂﬂﬂﬂﬂﬁﬂ*ﬁﬁﬂﬁ“ﬂ#hnn%ﬁ#Gﬂﬂ#“ﬁﬂﬁﬂﬁﬂ*#“ﬂﬁ*ﬁﬂﬁﬂ“ﬂﬁﬂ%ﬂ#ﬂhﬁﬂ#ﬂ“ﬂ#ﬂﬂﬂﬂﬂﬁﬁ“ﬁﬁ“%“ﬂEﬁﬂﬂéﬂh“#

__.4255?80E-02
«2413445E=02.
L 1317882E-02
«T91000NE=~03
e 6600000F-03 " " 77"
«6600000F~03
L1657850E-02""

__ .1783170F-02
_ohB00N00E=-D3
.6600000F—03

.....

+6600000F =03
.1785180£~02

420700008202

T 1380000E40% T
«49T8150E+08
.!6251?0F+08
JTI20000E+07
+5B20000E+0T
JS820000E+07
.ﬁ092360F+07
JHLBORPAF+OT
+SH20000E+0T _
SAZ0000E40T7
+SB20000F+07
JSH2N00OFR+0T
«1208520F+07
«THE0NDDE+OT

T W660D000E~03_
.6600000E~03 " " ,6600000E=03

.6160000E-02

V1211208602
«T4BTT60E-03 _
+6GU0000E~03 -
L6600000E=03

W 1B13475E-02
2 14TE0BOE-0R " !

T 6600000E~ ﬂ3

+6600000E-03

- OO ————

L6330000E+09

+4289800E+08 _
.1385480E+08 .
WHAD0TE2ES0T

+5820000E+07

+SA2H000E0T | |
+6170020E+07
WBO6THIZECOT _
«SRZ0000E+0T

T 66000D0E-03

L +6600000€=03
+6600000E~03

S2070000E-D2
1 20T00G0F=02

__+5B2D000E+0T
WGB20000E+07

~4GAZ0000E+0T

. 1135040E=02 _
+T106520E~03
_ 6600000E=03__

«2069400E~02 _
+116R950E=02
+6600000E~03

«6600000E=03
«2070000E~02.
» L7558T0E=02

- a4 mcinEe man er————— el

“3T90000E+09

__+3601450E+08
<12584 006408
«6202704E407 _

«h24T6ADES 0T
J5974440E407

LGRZDDUGESDT
JHB20000F 07
+5A20000E+07

T WGA20000E+0T

#THO0N00E+OT
JI56D000E+07

-5820000E+07

+5820000E+07_
<T560000E407
«T171980E+07


http:3190000E.09

£

]

)

E Y]

[T N Y

+5A20000E+07

«SB2NAN0E+07T

CRAPOORNNF+NT

—_ CHORDWISE BENDNING STIFFNESS (|R-IN#sp}

e __+26R0000E+09

+1170000E+00
. _+497RP50E+09
e +4PB65B40F 409

< 3413PR0F+00
«2915775E400 _

_+2433930E+00
«23R0000F+09

L23LE5EAE+09
«23540000F+09

+6500000E+09
«AITO00OGF+09
«2000N0OF+09
«4184240F+00
+3APATARF 400

. «2R46940F+0Q

«239H210E+09

. «23R0000E+009

«2340000E+09 __

.2340000E+09
L «R340000E+00 _
+2830000E+009
L« P340N00F+09

«2340000E+09
«7340000F+09
+2340000E+09Q
+2340000E 409
«2341937E+09

.« 2R30000E +09

«2340000F +09

__TORSTONAL STIFFNFSS (LB~TN#57)

s ORLN00NE+NA
. +3505240E+09
L4004450E+0R
+1396980E+0A
2 T1P19R4F+07, |
—+OFRONQOE+OT
_+6OR0NADDE+DT
__«BORODINE+0T
LEIROOGOOF+07
< GOBNNONE+DT

+ HORNNO0E+DT

2 69R0000E+0T ___

«69BONODE+DT
wGORNOODOE+DT

e+ H3B0000F 0T

h -
a,

B ~ 19 TR2SDE+00

T L6190600E+09

«30T0000F+09
<33I9BDOF+08
L1263B16F+0R
«HIANNOOE+0T
L69RNO0NF+07
L69RONANE+DTY
f6OBNNOOF+NT
«B980R00E+07
LAOR0NNOF0T

e B9R000NE«OT

»6ORNNDOE+OT
W 6IRONOOE+0T

L. «69R0D0OE+ 0T

fOIABOBNRE+DT

0.
O

«1873000F+00

«1P586A0E+00
s R2RA507E+09
SSONNN00E+09
JADPTIAOF+09
LAPKRAO9508F+0N9
«PTTATORESNQ
«23%46R0F +00
+PIARNNONF 409
2L QOF CNY
«PALDOBOE+DTG
f2340000E+09
L2340000E+09
«PA4TIHNSFE+09
»2RINOORE+09
«P340000F +09

+ 16R93ANE+09
<120R36GF+00
LPTRGI2NF+0A
w1 149444E+0R
JHIRANNDE+NT
HANQONES QT
SAORGONOE+NT
+JhORONOONF+0O7
LGORNNONF+0T
EOHNODAF+0T
JAGROONDOE+DT
<EOROODAF+NT
ZAORONNNE+0OT
JHORONUNF+NT
JHEGRNGONE+NOT

____ﬂﬁiill§$iﬁg?ﬁ§€f@ﬁ§ﬂjﬁEES-ANh ELASTIC AXIS(INCHFS)
]

n‘
~ s ATHARATE=-D]
= 1A112008+00

«1420000F+09 «1420000E+09 +5180000E+09 L2000000E+09
«4356500F«00  L4581125E+09 _ L4TI3500E+09 __ ,4B458Y5Ee09 T
«4919520E+00 2 4T500B0E+09 JABB3N60E+NY  _  L4434800E+09 _ _
.3900080F+00 +3773000F+09 «3646260F+09  _ L35297T0E+09 _
»31931115E+n9 +3122PH0F+09 .+ 3053445F+09 «2984610E+09 o
2TH92T0E+N9 « 26404 35F+N9 . +2571600E+09 _ _ _ _.2S502T6%E+09 __
2391 150F+09 RIBTRAZOE409  23R4090E+09 ___ ,2380560E+09 ___
+23T9456F 405 L.#23TOQA4LF+09 . 2362512F+09 223540406409 __
«2340000F 400 22340000E+09 __ ,P340N00E+09 _____ «2340000E¥09
2340000+ 409 «2I40000E409 __ _ ,P340000E«09 _____ ,2340000E+09 .
$P340000E400 _ L 2340000E+09______,R340DN00E:09 _____ _,2340000E+09__
+2340000E+00 «+2340000F+009 «2360000E+09 ., «2340000E4+09 __
12601292F 400 «2T31N2NF+09 «2830000E+09 ,2830000E+09  ___
«PRIONOOE+0S _ _ | 2830000E+0% . LRRINN0DOE+N9  __  ,2T20730E+09
«1660000E+09 $1660000E+09 __ __ JS1B0000E409 ___ ° ,3830000E409 _ __
«9115000F+08 . +T137425F+08 «H43ITO0EL0B | _,S248TTSE+QB _
~eB3591R0F DA | (POG2E40FENB . ,1TTAZ205+408____ ,1587600E+08 —
I03JL0BELNR | | (V14BO0OF+0T . JTORGIZBE+OT ___ TS554056E+07_
+6ORNANOESOT  _  ,6GH0000E+0T | LA9B0000E«07__ _ ,6980400E+07____
HIROANAESDT. ___ ,69B0000E«DT. ___ 6OR0O00E4QT +69R0CDOEHDT _
+HOBONNDE+NT GUBONROE+DT «6B0000EQT +69R0ODOE+OT_ .
WEARNOONEOT e 6YBANOOE+QT «HOBNO00ELNT «H9BN0D0OE+OT
L6ABOAONE+0T +HOBODOOF+ 0T JEIBOOONEIDT __ __ L69B000NE+QT e
L6AH0BNDE AT LOBB0NNOF+OT SGOROODDE+OT _. «6980000E+0T ___ "~
WGOBONONF4DT +69RDONAF+NT +6GOBOOONESDT | L69R0000E+0T e
HOHONADE+NT .. +E9B0OOOF0T___  L6980000E+0T__ +69BODDOESOT .
6ORONOPE+DT LE3B0000F+07 LERHDN00E«0T __ L69B00D0OE+0T
+GORONNIF+DT JHBBONNNE+0T «69B000DE«0T ____ ,69B0000E+07__ .
0, . L S | U S Do, R O,
-,1295000F+00 =+ 1SBL1P5E+00 | ~,1713500E200 =, 1B45875E+00
= 1701P00E+n0 -.2124800E4+00 - P4S6440F+DD - 20T5200E+00


http:456440E.O0
http:B.EROOOOE.07
http:B3flOnfF.Oq
http:690PQOE.07
http:23.8001OF.09

T

—— =4 1603980E+00 _

=~ 1600000E+00

=+ 2730400E+00

~«3900000E+00
=, 2039520F +00
=~+3000N00E+00

L TEODN00E+0D

=~ 6119035E+0D
~v1424394E+01

=+ 3050795E+0)1
-.3863754E+01

W = 4BT6TATE4N]

«,54R9T18F+01

“,39164R0E+DN

=¢3000000E+00 _____ =~.3000000F+0D

-.2237A59E+01 _

= 160N000E +00

_.=a1T13760F s00

~+3000000E+00,
__=,3000000E+00 __

- PBOGALOF +00
w AZQZUSOE+ 00

+3900000E+00
~JOOONO0E+DOD
~s3000000F +00)
-.3000000E+00
o 3000000E+00

~.3000000F+00__

-.296N250E+00

T L TEON000E«AD

- L]
 =.T279960E+00

=+ 1540461F+01
-.2353973E+01
-.316A932E+01
-+ 397GRI1E+N]
-+ 4793012F+0)

= 6302631E+01
=.T115690E+01
= T92RBAOE D]

03680RF+02

-2
ol
el

9554704401
1

MASS MOMENT. OF INFRTIA ABOUT THE CHORD (LH=-SFCH#2)

1 0. ..
n _+94P6250E-03
10 TW3114B40E~03

- _+1500000E-03
«1560000E=n3

T W1 THAAROE~03
__+1B00000E-03

o s tr N -

L1541 760FE-0Y

C3EG0NAOF-03

T 1RGn000E=03
«1500000E~-03"

- S605R09F+0]
-~ 641BT6AF+01
L. 7231727E+01

. B044686E+D)
A741508F+01

~ BH5TH4AE+01
=~ 9670ATOE+D)
-~ 104842TE+0?

0,
0,
« 18964 00E~07

T W2TT6560E-03

+1500000E~07
_ +1500000E-013
+16T00G0E~03
«340N0N00E-D3
L1800000NF~03
»1500000E-03
1500000E-03

T L 1500000F=-03

~ 160N0ONE+ND
- IRRAZOOF +00
-~ INAQ2HOF +ND
- 1R9AGOCF+00

+I900000E+00
= 30NNNDOE+QD
- AONNNNNF+00
«23000000F+00
- 0NANOAF+00
“ 15390 00F=01

LTEONNDOF+00

“ s 300A000F+G0

IEIE] OF THE RLADE NOT INCLUDING THE COLLECTIVF PITCH(DEGRFES)

0,

“«3INTP26TE~01
~+ B4ADGB2AELDD
- 1ASHR2TE+01
»oP4TOLLNF40]
=, IZATN69E+01
= 4N9602AE+ 01
~HINGPARF+NY
= STRIG46F+0])
s 65V4GNSE+O}
=~ T34TREAF+0}
- B160873E+0]
=«BAT3ATIF+0]
- FTRAARE+0
= 1060000F+07

iR
W 17T62ROF-07
+645A160E-03
«P4R0040F-03
L1500000E-0%
180NN 0GE~02
SPN05400F=03
+3400000F~03
L1800000F-03
L1B00000F =04
«1500000F=-073
L1500000F=03

T T600000ES00 . .

“ﬂ.

= 1600000E+00
- POS2R4OE+A0_
-~ 323R720E+00
- 50425R0F =01
W38N6160E+00

~.3000000E+00 _

“ ADONONUF+0D_

~o300N00DECON

~ANNANDOE 490 _
26BPL50F 400

=~ V4R9N00E+00
-.96ﬂ1?RBE¢00

T TR1TIPT60ES DY

-+PS8624TEeN]
-.3399206E+01
“.4212165E40]
- 5025453E401
- SRIA0AIFIY
- h661042F+01
“e7464001F 401

~.B2TE9R0E+0T _ _ _

~s INQ0NITE+D]
-.9903103E+01

0.
1ARGBOOF =07
+53TRNANE=N3
.2216800E=03
. 1500000£=07
+ 150000003
+2340T50E~N3
«3374160F =03
<1500000F <03
L1500000F ~03
I500000F-n3
+1500000F=03

=,1600000E+00 | ~s1600000E+400____ _=,)600000E+00
= R2220R0E+00 s 2391520F400 -y 2S6096DE400
_ = 340B160E+N0 . =,35TT600E+00__ =,3T747040E+00 -~ -
_WB901000E=01. . .2RR4450E+00___  ,36TBBODE+00
—«P344T4NE+ON +BR33200FE~0)___ =,5781000E=01 ~
~ 3000000F+00 __  ~,3000000E+00 ___ =,3000000E+00_
_=.3000000F+00___ ~,3000000E+00__° _~,3000000E+00
T = 30000005200 = 3000000400 .3ononoozooo
=a30000D0F400 -.3nnnnoor+oo_ = 30000DDE+00
«545BRNOF+00 L, 7600000F+00 L TG00NCOE+DD
A TRD0000E+BD_  ,7600000E+00 __ ,5236200E+00
’ R
0. 6, _ 0,
=, 26322TTF+00 = .37945308+08 ,4956132E+00 .
e IDT6TOBEL0Y o 1192262E401 ~o1308328E+01}
=y 18A9PS0F+0] __ =,PROBT26E+01 ___ =.2121793E+0}
~+2TO23RAE+01 | _ =,2RI1AH21E+0] _ =,2934658E+01___ _
=, 3516343F+01 = 36314R0F+01_ =, 3T4T61TE+0] C
~ 432BANPE+01 _ __"1.4444439£g01 Tl 4B60STEELD)
T =,5141519E+01_ = G2RTS5AGES01___ =~,5373652E+01
-,8954220E401 .« 60T035TEL0]_ =,6186494E40}
e, hT6TITOF+0) = ,6BB83316F4+01 ___ =,6999453E+0) e
-~ IBB01IBE+0Y | «,TE9APTBE+0)__ . =.7B12412E+01
=, 839309TF+0)_ __ _~,AG09234E+01___ _~,8625371E+0]
~9206322F40) |  _ ~,93725R1E40) __ =,9439638E+01___ _
w 1001927F+02 ~ 1013834402 _ _ =,1025153E402_______ L
0e . . Ou\ o e o On :
+1538313F~02 »1339750E=02 «114118BE=0D2 .
+4700320E=03 W4046T60E=-03 __ L3580800E~03, __ !
«2005000E=03 «1795920E~03 _  ,1668B40E=-03__
21500000F=03 2150N00NE=03 +1500000E~03 __
.1500p06F~03 .1500000E=03 ____ ,1500000E-03_ =~
W 26THI00F~03 #3011450F=03___ ,3346A00E~03 ]
" «2971740E=03 «2R69320E=03 ___ 2166000E-03 _
«150C000F-03 «1500000FE-03 0 1500000E=03
JA500000F~03 «15006000E-03 +«1800000E=-03 o
1500p00E-03 L1500000E-03 _ «1500000E=03 "~ "
«1500p00E=-03 LIG00000E=03 +1500000E=03 D


http:1036802F.02
http:100I92pE.O2
http:96?OA7OE.01
http:m-.955475'4E.1I
http:n943A638E.0j
http:9?O&322F.0I
http:769h275EOL-.-,-.712412E.03
http:6999453E.01
http:q7PlQ)4hF.01
http:5606809F.O1
http:4909?3RF.A1
http:479.30)2F.01
http:2359973E.01
http:2540461E.01
http:14?4394E.0t
http:JOOAOAF.OO
http:lOOOOE.OO
http:300noaoE.On
http:3747040E.OO
http:3577600E.00
http:73o4OOE.On
http:1600000OE.00

+1503375F =0
J2400000E-03
+1500000F«03

“MASS MOMEMT OF TNFRTIA ABOUT AN

S .1600000E-03
L 2400000F-03
T i8honn0E-03
L
e ___
4
.la?qasof 01
T L 11RA352E~01,
P L6831472E~07
S 1793040E-02_ "
G BATLTPAEw02
) LAP00000E~D2
L TO034RAF=0P
L6B10000E-02
Ef) L6RIDONOE-0R
L6B10000F=02
__ «6A10000E-02
% _ +A390000F~02
LEBT0000E-02
e
e
[ F i
bi|
10
° -
7= _
6__ o ..

0-

0

«13764RNF =0}
«1144RARE=N1
+85R1IB3AE-0P
LT6RR6PAF-0P
+693440RF~n2
<A2D0000F ~0P
L6A1N00NE-02
«BBLOO00F -7
«6B10000F-02
SGRIONNNF~-0P
6AISO2SE wDp
LA300000F =02
+6A1INAANE-0P

J1T4LARAF=03 «1970925E.03 L2218p00F~-03 «2400000E~-03 _ ¢2400000E~03
LPENOONOF~03 L PA000N0E=03 «2A00N0NOF=03 _+2400000E-03 L2199300E~03
JE0N0N0F-N3 . oL e

AXTS PFRPENDICIILAR TN THFE CHORD THROUGH THE CENTFR OF GRAVITY(LB~SEC##2) . - e e

0, 1, 0. . __uc

112997 IF=N] 120950 0E~0) +1246225E=01 «1272700F=01 T W129917SE~0Y .
J13P22P4F=0] S 13079PREDY W 1282612F=01_ L 125612ARE-0) " ,1222240E-0} 7"
L 109R203F =) « 1055523E-01 “o1niaeroF~01 WORL4PR4E-02 __ ,932284B8E-02 _ _ _ -
JALROSZOE~N02 «A319P04FE=NZ LAIBTRABE=02 L BOSGSTR2E-02 _  ,7925256E=02
LTSIANAE~02 +T399G92EN? L TRBARTEE=07_ L JI137360E-02 _ ,TOB6RL4E-02 )
STLTQTLOF~0P cTAPS0TSE=NP LTETOLYOF-02 _ JTOYSTAGE-82 __ _  AVA10R0E=D2
JAPAQBOOFD? JATRINIEF <02 -7HB6Ra4E-02_ T 1592292E~02 "7 1297800E 02 T
LHRINGONF-N2 HRLDBADE-DP . «6B100NNF=0F _+HRA1IN000E-02___ _ LARI0ON0NE=-0Z .
JHBRINONOEAND +6R10000F 0P LER10000F~-02 . «PRINDOOQE-N2 .6810000E-02 ___
JBRINODOF-N? SHAYONGOE~DD _ «6810000F~02_ _ __ JARIOBQDE-02  __ L6BL10000E-02
JHRIANONF=0P «hAIONNAF=D? _ LeBl0D0OE-0Z__ W 6H10000F~02 a68Y0600E-02 __
JTPIL2ENF-02 « TASPRIBE-N? JHOToALpF=-D2 «BI90000E-02 +B390000E~02 o
LR30NNNNF-02 “RIGONIAF=DP JH3IGON0OE~07 .8390000F-02 +BO3TARENE~D2

«HGR1INDNNF-02

ﬂﬂﬂﬂﬂuﬂ'ﬂ“i;ﬂﬁﬂﬂﬂ'ﬂﬁ#ﬂﬁﬁﬁﬂﬂ'ﬂ‘u‘ﬁui”}ﬂ'i}i“}ﬂ-“ﬂﬂﬂ%ﬂ'ﬁ-“iHH}ﬂ *%HIH'ﬂﬂﬁﬂ'ﬂﬂﬂ'ﬂk“'ﬂﬁ#ﬁﬁﬂ#n“ﬂ#?a“#%ﬂ?“ﬂ#ﬂﬂ“#‘?qﬂ'“ﬂ#“ﬂ'#ﬁﬁﬁﬂ#‘!#ﬂﬁﬂﬂ“ﬁﬂﬂﬂﬂﬁﬁﬁ_ﬁﬂﬂﬂﬂﬂ!ﬂ'ﬂ




=
B

=

e © e 6 e 9

C o v eN o0 =B

0ST

-—— - - J— [P - ————

B ODS DD A R RO O BRI AR R R SRRLDERATO RSB EO ORGSR EOO RO RSP OUNBORE R REUGBORaROn

—_TTMODE _NUMBAER = 1 FREQ. RAD/SEC = 43,2701 FREQ, HERTZ =  6.8867 _  _ NON=DIMEN, FREQ, = 9.2801 _

D L L 08 Ty A N B B R ey e ey

1
®
H

- FLAPWISE DEFLECTION = 77 - R -
STA_X/L_ __DEELN . STA X/ DEFLN STA X/L DEFLN 5TA X/, NEFLN T STA X/L_  DEFLN STA_X/L DEFLN

. 0.0000 " “n.o000. © .1A00 .n3l9 +3600 <1871 5400, TT.A005 T L F2007TiA300__,9000 (@670

L0200 T ,0004 L2000 + 0425 + 3000 «2005 L6600 328b L1400 T e561 T ,9200 26935

TLhA00 "T,n0ts «2P00 L0561 H000 « 2324 5800 T Jasp6 T [F6od T “,e822 29400 29201

0600 “.p032 «2400 069k L4200 +2556 6000 £ 6THB TJTB80 DT LTORA T ,96n0_ L9448 -
NN L0062 L2600 . 0859 L4400 .2792 W6200 _ ,5013 L8000 WT3AT 9800 T.0734" -

L1060 " L0078 <2800 1039 4600 SI0ID, | L6400 L5268 _ LR200 7610 " 11,0000 " §,6000 —
‘_‘.“i:m:—dT - ':.0115 . +3n00 L1233 +4AND L3270 L6600 LBR2Z4 -.aaou . ..s7878 _ _'“_t_;__::-'—'. e
—___.-...L!,ﬁ.flﬂ:.:.._‘_-ﬂlbﬁv 3200 « 1438 5000 «3513 +HRON RTAZ TeP6B0 LAL30 T -:' “""”“‘" S
.-;_—I,s_g't;‘:::'_:.oaqa <3400 L1641 $5200 +375R +7000 w6041 T T pano YT T \ --"___‘__“ . ”-:' “_ e
::;;'Eannnuuumt_ftgat-n-uwu«»ﬁMunuunuu\wnmtnuw*ﬁnaqunuuqunuunuunﬁqnnu»uﬁunuugnyanag“_p_ak»:&ai_itﬁ&hj:i:fjonnn’_»}fii"ﬁl}?ii’i’ifu‘&ﬁwn‘;;‘:ﬂ;iu-n —




S o e e 0 o s
s LT e+ e e i e

#

Ssss s st i bbbt tapganssBe T absgaswrt bttt apaeyan

. o )
<
— - —— . b - - ey v - " et e —————— i —— —— o ———— o —

- . C
& . . . # ' ) -
- Tt m Tt . i . , ) ._ - ——
———————a  —— . ) . ’ #
L . # “ - - .- e e
——— i, R - ——— = e - * # . - m o - - - - P ————— o —— v e o om

- o X T ' L) # . e ma — e

— . e - R

e o e 1 . T .o . . . —— e e ar —

e e e — - . e e e emem W - ——

i il ™ - - N ‘- o W e ———— ;]
(O — - - Ll A - - PRSI —
LD . . S
PP, 4 oa - - - - it masrm mmEm mr—— AR nein o ——
w___ T - . o
I' D ————c— P » LTS - e — ey Ry — — - aas e = g
1 T ‘ . . ‘ L e
, T - - - - - - [ —— [
P ' - - e
g__—__—. P - - . - - - . . mane mrm e 2 m T RE— e L B T e b L L o p——

3 = e : . . » oL e
5 ' - 0 * - H P
L L
’ . .



e e o e T

e

r

[4=3%

B — — - - - oty v e — v —— =
2?__?“#%#“{3{_}_&#iﬂtﬂﬁﬁﬁﬂﬂﬂ#ﬂ#ﬂﬂﬂﬂ#uﬂ'##ﬂﬂQ“ﬂﬂiHIviH"ﬂ'ﬂ'ﬂ'ﬂ'dilﬂﬂ'ﬁ*ﬁﬂ'ﬂ-ﬂlﬂt##iﬂii‘tbﬂ“_ﬂ-?ﬂf?q_ﬁﬁi}_#j}ﬁﬂ_?j’q_?u_!_ﬂ'ﬂ"“ﬂG*ﬂﬁgﬂ*{tﬂ-ﬂ'ﬂ'“ﬂﬂﬂﬁﬂﬂ*ﬂﬂﬁl’“ﬁ‘j?“ﬂ*ﬂﬂ"ﬂ

T T MODE NUMBER = 1 FREG, RAD/SFC =  43.2701 FRFQ. HERT? = . 6.8867 MON-DIMEN, FREQ, =_ . 9.280% . .

ui&}fﬁna*uﬁﬁuiﬂup*nnnnun»uannﬁ»nauauununﬂ«uﬁnuﬂuaaaua#unﬂﬁﬂununnnuﬁu&uuaun#uanndﬁﬁaa&n&oﬂuu}ug#?#ndﬁé?ngﬁigfpﬁﬂinun2&&3

—_ o ) CHORNWISE NEFLEGTTON ) ] —————l
STA X7 DEFLN STA X/L REFIN STA X/L DEFLN STA X/1 PEFLM _ _ STA X/L _ _DEFLN._ "SYA XZ0 ~~ DEFLN

T n.0000 0.0000 <1800 Ln2ia <3600 «0228 - 5400  ,0)1B_ ,7200 ___ -.0002 __,9000 _  =,0128

- .

w2000 0259 «3R0D S02Y7  JE600 _ 0105 Lr4nd_ - < 6016 «9200 77500139

L0400 _.0088  ,2200 L0260 L4000 .0205 .. «5R00  _ ,0092 7600 "-'-‘._n_'q29 T 9400 e,0i53 Tt eeete
_"Té:ca—_r‘g_"q":::.j;:o;)QT “ ‘.aann L 0Ph4 WA200 .0193 L6000 . '.00,7;1- _ u-,'.'!,&-zq'n '_-_0043 - ..ae.oo"-'",_-_',,g';a:r' e
j_—ggzpj”0117 <2600 LDPRE W 4a00 «0181 6200 .0;16_5_, aooo:_:.oo'ié___:9800__-:;;;0 -
—————"l';% #0147 7 ,2R0p «N261 4600 0169 6400 | L0052 200 ____ =, 00T0_ __1.0000. . _~¢0154
Tié;):(f':" '.ox"_r;a <3000 0255 J4R0D J0156 L6600  _,0038 _ .aauo- Ul 00B4_ . T
—__-"1':;- __e0201 " ,3700 DEe? <5000 0144 .6901'; JN025 L8600 =,0096. - pate e ~——~
12 3 H

- ve e - e o= P - - TE e s emimens m e e e e et it

w0, 600 L0222 7 ,3400 L0238 5200 L0131 7000 L0011 . Lesdd | =s0n11. )

- ——— L — :

WARE L R g g AN A g A SO AP Aty rgriprynyrargvymprgry N yrymprymp ey

.




U S VS - . e e e e e mmmn e s
"‘h —— B - W e s - - A m - P e —— A TR AT e e ek B

lllll.n.ll.!.l-!I0.0.-...“."I.O'.IO"..I....."...
%

5 £

— T o e e,
et et s e e e _— . # - - S — —————am e — N
& T - . L T T
JRp—— PO L] # PR ) eae awam W e = = et ———— - amaw e e
——— AT T —— AME E - . 'ﬂ‘ : - - n — dda s mes e
1 54) e - o - .. . . v e e e mer e e
- . o B - e e e e ek s he et v e ae e
“ . - - - -
P — | : o
“ . - - - - - -
e e - oo *
L L : * ; . . -
1t
.- . . . - S
) T - : # . — )
) — - —— _...4-‘ —_ - PR “ - ar - -k e T e P r— Yy ko b EA—
—_— ame ama . & [ — e
e N ) e e e o
R . . -
- - — “ . -~ - - —— - - — 0]
e taime s = s # Vi e e e e = . -
- - - - - + L - - ar " ——— anuLw MW B e R T AN pem—— - e R

i
| EST
i

A
P - I ]

!



e}

PST

)
' huﬁggggnggnun#uuu»#ﬂaﬂauaau*nnnu%uuu#nuu#uuﬁnhﬁnnunnuuuununaﬁu»un«ugpungggunggtgﬁqunﬁ}#p&g}!gpp@ggggﬁﬁgqggiﬁ&uﬁgguﬂﬁﬂﬁu*niu»

T TTMODF NUMBER = 1 FREG, RAD/SEC =  43.7701 FRFD, HERTZ =  _6.8867 NON-DIMEN, FREQ, 3 . 9,2801 _

(I A .

ui?;innuJKJNEEEnuuunnuuunuunnﬁan#nnnﬂ*naanuunnuuauuunduaunnnnnnnuunnuun#uuuu?nu#ﬁhain3&6&5#*63&»&&33333wniﬁ??ﬁi?i&h«ii&ﬁﬁﬁhaa -

o ) TORSTONAL DFFLECTION o U T
sTA_X/L " | DFFLN STA X/L DEFLN . STA X/L DEFLN STA X/t | PEFLNT 7 _STA X/L _ DEFLN_  STA Xx/L " DEFLN

00000 ~.nn00 21800 - 010400 L3600 - 0000 L5400 «, 0000 _ " L7200 " T=,0000 " " geqo0” _a.b000 T

.0Zo0 " “lofnn _ <2000 e (00D " 3800 - 0000 L5600 ~,0000 " L 3400 T"Zlon00 T L9280 - doed

S040077 m.0n00 + 2200 - 0000 L4000 -, 0000 L5800 ~,0000 T L7600 _ w0000 ,9400 77T, 0000

0600 -, 0000 _ <2400 -.0000 $4200 -. 0000 60007 =,0000 " 78007 " ~,0000 " "U96060 . 8600

L0800 <.Gnoo «2600 - 0000 W4400 -2 0000 <6200 ~.0000_ " " “jpoog T =go00__ " ,9800 " ~,0000

1000 =.0000 .2800  -,0000 <4600 =,0000 $H4D0  « 0000 B200 _ ~,0000_ _1,0000 " T=.0080 7 T
!

L1200 _~,0000 L3000 -.0000 _e4B00 «a 0000 6600 - 0000 | _LB400 | __=,0000 o
— . - e 3
1400 7 -, 0000 L3200 -.0000 L5000 -a0000 LAR0D -, 0000 WBB00. __=,0000 o . i
‘2 — v A —— i p—— -
n__ T X : e e e e
1 21600 - —,0000 v 3400 w0100 L5200 w, 000N »T00D -, 0000 _ 800 0000 ___ - . e
. ;
L . e e e
7 rﬁﬂﬂ&!}%ﬁ?ﬁﬂ#ﬂﬂ“h#h***&ﬂ-ﬂ“ﬁﬂ'ﬁ'“ﬂi}ﬂﬂ-ﬂﬁﬂﬁﬂﬂﬂﬂ#ﬂﬂ'ﬂhﬂ-ﬂﬁﬂﬂﬂﬁﬂﬁﬂﬂﬂ#ﬂﬁﬂi‘iN-'IH}Nﬁ'ﬁﬂ'ﬁ_.ﬂﬂ?#ﬂft“ﬁ_ﬁ_ﬂﬁ&{_}ﬁ&?fﬂft‘!_ﬁtﬂ13#ﬁgﬁ?ﬁ_g%ﬁfﬁ#!ﬂﬂuﬂil!ﬂﬂﬂﬂﬂ“ﬁﬁ
[ ' .
e
4 — - FrwTRA R mWUmReT R TEM e s -



h

tod

A e Ve -

T [ o
L Lo
10 ) .

X -

. e
7 T — .
.

T

4-_-"- T ..

$ e e e

-.n|.lnl...li.l.-l.l..l.l“l....l..la.lt'!..l.l.l.-.

L.

T ¥ R R KTk s s S S e TFF TR &

- O T T VPl — e T P ——— T

“ - LIV — .o L L T
- - - . e e e e me— s
. PR .-

.a - = - - [ 4 — —

P . - n— =



& @ e e e © g

S

98T

A

T MODE NUMRER = 20

FREND, RAD/SFEC = 117.017%

PRyl Ry ey A SR G P G TR S o T T P N T T T T gy g ey g e Ty X ) i

STA x/: DEFLN___STA X/L . DEFLN STA X/L
o;o—oo -_mdg‘nb;h“‘-““'_' »1800 -.1130 £3600
“““-_“‘"—.h?‘d‘o“‘" _-‘.-r:n;d:“‘ _. 2-0 g-o- _=e1501 +3R00
m_—:"n aon *”-'- “”o n a‘i'“_‘_;“'_“;- 24007 -,2415 $4700
LT "2".‘-‘;'1;;1:“ L2600 -,2950 S 4500
"""——r_._;'r;o—:_':::_g_.—gaj _ 42800 T -,3524 L4600
.1_2’%9__ d_-.‘b‘ﬂ'sjm «3000 ) -.4123 L4R00
.u_oo — =.0597 ~ T ,3200 | =,4734 25000
L1600 —j;__-q_r_aq_a_-_-'— . 43400 »e5343 .'sa"nn

FREQ, HERTY

[

D T T T T T L L Ty L L Y LA L A LT L] ‘

NON=DIMEN, FREQ. =__ 25,0965

18,6239

- - hema .- R

FLAPWISE PEFLECTION _ T mImme o naws mesmee e e
DEFLN STA X/L NEFLN. TgTA X/L__ DEFLN ™ TTSTATXzL_ DEFLN

- S
~.5939 5408 ~,B957 $1200° =, 5145 +2000 .3885
- 6511 5600 T T-,RBAT TTTL7400 T 506357 T 792007 T .5088
= 7050 «AR00 ~.8683 (7600 " T -,3807 L9400 L6303 " " "
- 1546 6000 =,84}17° " 7860 ~,25987 9500 .7531
-, 7983 6700 - 8055 L8000 -,1633 . TT,8800 L8765
- 8353 L6400 =, 7620 WB200 =061 " 1,0000 " 1.0000 -
- BB44 o6600  ~,T108 8400 G497 T Tt e
= 8845 J6RO0D. _=,6524° LBG00 889 T T T TR 1
-+ 8959 27000 -,5B6A "WRB0D BTOT o T

T T T T F T PR T T T SRR PP PP PP TR P ST FPTT DT PTPR PP TR L e e e e e e T e s o e T L YT




2 R e - e v w e

sasnsvranasarnsotscsransnntyrvsetsnnrsnnsnsttrsasrens

# - - - - rra -
#

- - L] - -
- ﬂ' L
@ T ) » . o
“ - - —a _— - e —n e B % b e Ams ——— —— e maa - — ———— —— ——
o - ) » L4 » s - 2w = . ———— - — - -—
& e e ’ # . . .. —— P e e oo ——————
_ - m—— ‘“‘ L4 - ] - - — . . - . —— - rrm .
“ - . » . ——————— ——— - mae Y
S o ' - ] A _ S,
. - — - P —— PR P SN W —— — —
AU, “ . i C e . e
i} * . ' ’ -— va e e -
. Y _ o .
— A, » . . T T -
P —— _ . : . CLDL o T -
@ L] - M o e v B M e e & b s e e . A
m—— ® L oa e
- N — Pa———
. v
. % T emae - * . - - —
|} —_— _ . \ . . e e - -
“ A ——— T e . W L -y - - - - ma —— D I S
W - - - A e v EA m hem— m— aran e - ——— g S—————
’ oo L =L e e e e .
] R L
? J—— L R - - - - - - * ma —— o - — ————
P e
5 F) - e -
4 oo : ] - v - ' PL T - P - .- e T e—— -
b ]




7
&

€

&

L)

85T

f }
e —_— — i g . —— i e =

nhﬂﬂﬂdﬁﬁﬂ###unﬂﬂﬂﬂ##ﬂﬁ#ﬂﬁ#“#ﬂ%ﬁ#ﬁ%#ﬁ#ﬂ#hﬁ#ﬁ#“&#hﬂ“ﬂﬁﬂﬂ#ﬁ#ﬂ#ﬂﬂ#ﬁﬁhﬂﬁuﬂngb“ﬂ ARG GO R RN O RSN NNRIOG RN RONO RO

______HODE.NUMRER ='2 ..  FREG. RAD/SEC = 117,0175 ' FRED, HERTZ‘:::.. 1846239 . ____NON-DIMEN, FREGe..=. _ 25,0965

) - -

e rrr———

———— o iy

uﬂnaﬂunuﬂnun#agg?gn*uunuuanunnnuuuunn«u#nnﬁuuu#uuauﬁﬁﬂ»auu*ua*nunnﬂu&uu»uu#nna#ﬂuuaununuuuue#ﬂﬁunhﬁuﬁ»ﬂ#ﬂKﬁiigﬁiuna«unanuah&u —

CHORDWISF DEFLEGTJON .

TTSTA X/ DEFLN T STA X/L DEFLN STA x/L NEFLN STA X/L___ DFEFLM___ STA X/IT __ DEFLN__ STA X/I. DEFLN -
0.0000 g.f000” " L1800 ' 0226 +3600 J1166 5400 7T 1579 JT200 L0695 ,9000 =, 0996"
<0200 LO0UB” "7 L2000 T L0295 «IHNND «1258 \5600 " T UYBA0 T CUREEG T Tote3e T T,9200 ~. 1204
C L0440 77,0036 “,2200° _ ,0378 L4000 +1341 $SH00 . T 1484 TTTTUREG0 T TU0369T T T L0400 T w1428 T
0600 T T.B0R3A T L2400 L0476 4P00 £1423 ._ﬁ_qu____“-_:_!_l_ﬁ_l__l' T _e7B00° " L0183 " TT.9ep0 T T S,te36 T
e e - ) o - e e+ mme e e s
L0800 L0067 42600 L0579 fH40N .1492 46200 J1324__ L8000 T ,0009 2GR0 =,1852

S1890”_ " Jo079 7T L2800 L069] SH6NN . 1546 L6400 T L1222 T LR200 =, 01R1 T 1.0000  w.2067 .

21200 L0098 T ,3000 L0807 L 4R00 «1583 W 6B L1108 . L8400 ~o0377_ . 0 T ¢ooom o L
L1400 ,0127 _ J3204 .N923 L5000 .1601 6800 oN9R1 LAB00 =, 08T9 - T T
17 — —— . e e !

-

@k Ve N s WD

800 T L0169 L3400 <1037 5200  ,1599 J7000 L0843 T (AB00  =,078B6

CHH“H@H#iﬂﬁﬂ!#ﬁ“ﬁﬂhﬁﬁﬂ#ﬂﬂ*ﬁﬂﬂ'*“ﬂ'ﬂ*ﬂ-fﬂtﬂ'ﬂ'ﬂﬂ‘ﬂ'hﬂ#ﬂﬂﬂltﬂﬂ%ﬁiHlﬁﬂ'#ﬂﬂ'ﬂiH#lf%'NQﬂ'ﬂﬁﬂﬂﬂﬂﬂ#&ﬂﬂiﬂ*“ﬂ'ﬁﬂ#ﬂ*ﬂ“#dﬂ“bﬂ-%n%#h*ﬂ'#“ﬂﬁ#%iﬂﬂiﬂﬂ““ﬂﬁ““ﬁ“ﬁ““*ﬁ




——— e 4 -

sssveearssassvrensnssrnsstinesprnnna
#*

YR Y)

ePanagrare .

» T LTI
* v - ase Bl = - —— — - -—
# O S _
- * - . — )
'” - - rrws - mmm = w o e vae—— ———— -
- “ » - - an .. - mwe MR ome e CTAE LA ——— bk e o P . PYSELEL e T PR A e
L ] * - . - o e— N -
. “’ - 0 ¥ oaoom B L) - - LT - Wk e M B Ak - W
L “ - - - R —— - —t— - —— EAEL S e pREL WA A = —a
- “ - N
¥ “ - [ T - -
. “ e e m .. e e e e e e e
[ ) ﬁ . -r -
- ” . ' - - o ow
- - “ - - - [P a— ~ - —ra P L ey - —
. ¥ — om s . . e e - . e e
[ ] # . v omm e - - ——
* # - - - P - - - - - ! —
b - - - - - . Am— ———— st b —
n. - .. - rar e e mwewn P T wmw s
# » - e - ——— e - - A S
s, . : .
# . . - e
# - A e ma e e e -».—.-.,..-
- S N—




0ot

Y - “ . e dmm———— . PE—— 4 e ow e b e e . PR

-t - . “  ome . . Wb = . mmm we wem o m - - .. mmem
e NPt R R RR ORI PR R R AR AR G R AR R ARG R R RGO AR IO OR R RRA SO OB ORI E ARG RE PO ARV R R G RRGHRON IO R

]

— MaDE _ o FREG.. HERTZ =__ 18,6339 _ __ _NON<DIMEN, FREG,. 2. P5.0865__ __ ___ -

MODE NUMBER = 2 - . ... FREG. RAD/SEC = 117,0175

&ﬂ%ﬂ*hﬂG*#“ﬂ*ﬂﬂ&ﬂﬂﬁg?“gf?f?ﬂﬂﬂ&?ﬂ&ﬂﬁ#u“ﬁ*ﬂﬂﬁgﬂd{}%nﬂ-ﬁﬂﬂﬂ_gﬂnﬂfﬁhﬂﬁﬂjg#ﬂ#a%ﬁuéhﬂﬂﬁ#“#ﬂ;;ﬂiﬂlﬂﬁ“hﬂﬁi#ﬂﬂ'ﬁﬂﬂ#ﬂﬂﬂﬂﬂﬂﬂﬂﬂh“ﬂh’ﬁﬂ“ﬂﬁﬂ-ﬂ-““‘ N
— A e a e = “ e P o mm s M b e e wm s e .

" TORSTOMAL DEFLECTION _ . R — ¢

STA X/L _ DRFLN___ STA ¥/L NEFLN STA X/L DEFLN_ . _STA X/l _ OFFLN_ . STA X/L. DEFLN _ STA X/L ___ DEFLN '

0,000 _"=,0016" _..18007 "=.0014 3600 w0002 8400 0009 " ,3200 7 T ,0037__  .9000 " ,0038
20200 =l 00Y8 " T R000TT_~,0013 | 43800 © <0081 7 7 TUBERETTTTROAE T 7400 T L0038 T Ty 9200 T T T, 5038 -
1
e e —————— s = . e . . - e . . . Mhhks vn e v %A AR e —— b e n -_..;
<0400 =, 001577422007 77 ~,0012 <4000 L0000° ° 458000 T T Ja0T8T T 7600 © L0039 T 779400 » 0039

L0600 =.00156 ~ _ .2400  ~,0011 +4200 «000) L6000 ,0022° "7 9800 " ,0039 29600 . " ,0039

<0800 =, 0015 " .2600 °  =-,0009 V&4 00 0001 _ <6200 L0026 LR000 " ,0039 " ,0800 T ,0039-

- el 4 — R A e e re SAvman

<1000 =e0005 T 428007777 L0008 | L4600 L0001 "7 TUa400 . p0ed L Ba0g. T 0039 1.0000 L0039

s1200 =,0015 T_TH30007. _=.0006  ,4ADD. L0001 . L6600 L0032 | ,A4f0 L0390 70 T T

1400 =, 0015 " T.3200 “y 0004 5000 0002 LGB0 L0034 __ RGO ., _,003B

S rT——— e 3 SPRER mmfea eTTr T  ————————

—— —— —— e o e . PR P - - — B hammand

" ]

o + 1600 0014 777 Y3400 ~.0003 «5200 « 0005 +7000 w6036 T Tps00 T Je038 e o T
?

. _ R i " ) - - - 3 o i P R LT A - e — o -~ -

7 R A L L L g L ) e L ey L I
6 . S
5 v Y - - e P L —————]
4 _ e o N i
; am -



@ e - — = " Iotolo--o..u---..-.lt.n.o“
———— b . bbb - “
S Y S——— ]
4] o @
+
oI # T T . :
O # e T oI
e " .
- " e e e e e - _
& . # oo
#
e - . — R e e s memnen n mmmvermrn e mnrem 13 e = e
- T # .
.
e N .. - ittt
¥ — +# . Tt ' T -
—— e N ) - e .
—_—— .- . L ) e v e re——
el M ) —_—— . . o e s
e - . — . e e -
R . - . e e e e e
e . . ) L S,
e e = . M .- " S —_—
— e . . MR -
—— e e . .
- - Tt otT . . '3 . e - . - N




¢ & ¢ @& e ® ¥-¢g

3

9T

' Gﬂﬂﬁﬂﬂ#h“ﬁﬂ#?ﬂﬂ#ﬂﬁﬂﬁﬂﬁﬂﬁﬁ#ﬁ#ﬂﬁﬂ&ﬂﬂﬁ#ﬁﬂﬁ*ﬂ###ﬁ*ﬂﬂﬁﬂﬁnhﬂﬁd“ﬂ“ﬂﬂ“Nﬁ#ﬁﬂ“ﬁﬁ#ﬂﬁﬁ#iﬂﬂﬁﬂﬁﬂhﬁﬁﬂﬁﬂﬁﬂﬁﬂﬁ;““#ﬂ“#“ﬂﬂ““ﬂﬂ“““ﬁﬂﬁﬂﬂﬂ“ﬂﬁﬂ“ﬁﬁﬂ*

 ____MODE_NUMBER = 3

‘FRE@. RAD/SEC = 179,5617 FREQ, MERTZ =.__ 28,5781 . _ .. _ _MOM~DIMEN. FREQ, = __ 38,5103

i ma et m—— p— = —_ . - r m mes D s amm om L L e -

u_g #uﬂbuaduﬂbu»uauaﬂrﬁdﬁununou#aﬁ#d—uumﬁudn udbuu«wuauuuuuuu«onuauanuuMmuuumﬂwunimMmuaau»uuuoauom\abaauudu&

BesHBOBEOY

—————— - - e PR [ —_

e e e FL. prISE DFFLECTION

STA X/L__ DEFIN_.__STA_X/L... DEFLN . STA X/L . DEFLM . STA.X/L .__nEfL@__"___sm XA _DEFLN____STA. _m..__m:ﬂ.&

— ——— . ' e [P am——— b - [ I L r—

06,0000 0,0000 __ J1800 . T,0261 ,3600 ~e004) | .simn'j, f:,isao;__,gzoo -.éoji'd”'“"f,‘oﬁou <0901

£ 0300 :(;:)(—!3 — —.;né;""':"“ 0297 _ .3R00 =a0171 - W5600 ___-_;_'1'?63:::":‘:!}0.0 . h'.:.'iiie'z."'-: "ieabn_:'m .::4'07 —
.o:(;o .(_l_:t)—.l;;-_-—';é;_:ﬂ:é:—";:,_0;5?? P40007  =,0315 _;,SQO_Q.__,;:.!_!l.‘?é.__:..{::—_:léfﬂon':;;;.'1-§;r_§"'"_' ) ._9'460;: ::":. 1;:31_"“:::"':
R E e e
L0800 .00-‘.;3;.' “"_“:.ae(_:__b‘__"i- | J0325 .unn‘ . =a0640 .62_;21:9 .. -,?0;7" :.:-:.":i;:t'm - —E:—_lse" " ".9800 ""'.'_:inh-b;_: o

.10 <0690 2800 .02% 24600 ~,0815 T ,6400  _ w,2I3I__LB200 _ -.0829 _1,0080 + 3546
1200 <0130 +3000 e 0243 £ 4800 ~e 0997 T L6600 »,2160 T p40Q0 T ~,0454 L _
21400 L0174 <3200 .0168 5000 ~.1182 L6H00 =.P151 8600 w-,0037 -

L1600 0073 W5200 T ~41364° T L,TO000 Les00

-.?099 _:

n“ﬂ#“ﬂﬂﬂﬂﬂﬂ'Gﬂ“'ﬁﬂ'ﬁ41'ﬁﬂ“ﬁﬂﬁ#ﬂkﬂﬂ““ﬂﬁ**ﬁuﬂﬁﬂﬁﬁﬁﬁﬂ““*““u##“ﬂﬁrﬂﬂﬂﬂ“““l}ﬂ'ﬁ*“#ﬂ'ﬂGﬂ'“ﬁ**ﬂ““ﬂ'*ﬂﬂdﬂﬂﬁﬂﬂﬂﬂﬂﬂ“ﬂ'ﬂ“‘ﬂﬂﬂ"“““ﬁﬂﬁ'ﬂﬂﬁdﬂ‘ﬂ*ﬁuﬂ“ﬂ“l*'

- e v



http:SOO_1E4.40

13
— —— - ..l.l.."‘l.........l...‘“I.....I.l...."".....l.' . - - e smm—— O - aa e
— - . “ - = mersvuss m e e -— - WEs B M oE M oRrTarTeT  reves was - T Y ——— ITE WY T MY T ——— T
- L - —— - - 0 - R e o a I i ] - -
. “ Bl - L] - —— - - - M b G p———— e T e o o e s i B 4 s
et e e e “ P N e b m—— iaas
—_—— .. ot . —_— - ", ..
- e P . ar - —_—— a—
— U —_—— o - - - e v e e em -
# , .
) - ’ # - - -— - - . - - Pa L wa s m - -
I LT e e _ B
. - hd L4 * - v .
. _— & . . - - . . —— v e a
- - # L4 - - - - P . wa— . - PR - o ————————
. o - " . . —
) — - - . ) * . * - - -
# -
—— . . : - -
R e s “ :
—————— e — . . - .
P e ) s o
e e e e e I N . -
et el e \ - - ——r :
- & - - .
_ e e - L . . * S S
—— s - - . - -“—- - — LT -
F - ¥ om meme - - aw 0 . .- - A s - - e " — -
. - - - Ve e bt e - -
‘ e e — el e
= ———— i e — - . b e e e e e a e e G m———————
L0 d PR - o m———— [
.—(‘*J - —h—— - [ T . ——" T e L) aw - - - s -




g C

€

e ¢ & @ ¢

)

s =5

o & N e 4O

Pot1

ﬂﬂﬂbﬂ#Qﬂﬂ%ﬂ“ﬂﬂﬁﬂ#ﬁ#ﬁ#ﬁ#““Gﬂ#ﬁ#“ﬂ#ﬁﬂﬁﬁﬁﬂﬂﬁﬁﬂ#ﬂﬂ###ﬂﬁdﬁﬁ#ﬂﬂﬂﬁ##ﬂﬁ%ﬂ“*uﬂﬁ%““Gﬂ“U#“ﬁﬂﬂﬂﬂ“ﬂ“ﬂ#ﬂ“ﬁﬁﬁlﬁﬂﬂﬁ.“ﬂb#“ﬁ&l“ﬂ“*’ﬁﬂﬁlﬁi'dﬂﬂlﬁ

__ MODE_NUMBER_=_3 ._ .. _ FREQ. RAD/SEC = 179,5617 FREQs HERT7.= _ R8,57TAY_ . _ NOM=DIMEN. FREG,

£ 38,8103 —

ﬂﬂﬂ“ﬂ&##ﬂ“&ﬁ#ﬂ*b&ﬁ“#ﬂ#ﬂgﬂ#hﬂ#ﬂi;;nﬂ??Q“gﬂﬂbﬁ#&hq%&ﬁﬂﬁg“g%@ﬂg*ﬁﬂEﬁﬁ?ﬂﬂﬂgﬂﬂﬁﬂﬂﬁﬂﬂﬂﬂJﬁﬂlﬂﬁMﬁ#ﬂ#G*ﬂﬂh&ﬁ“ﬂﬂ“ﬁﬂ“ﬁﬂ#“ﬂ&ﬂ&ﬁﬁﬂﬁﬁﬂﬂﬂﬁﬂt

STA_XZL . _DEFLN STA _X/L DEFLN STA X/L DEFLN .__STA X/L . DEFLN._...STA X/ZL____DEFLN STA_X/L__._ DEFLA

0.0000  0,0000  __.1B00__ __=.5060 (3600 =,B149 5400 . .-.'-...7?2'5 TLT200.=.1979 T .9000_ .5_5'5.9

20200 =, 0623 .2;—00 2._5_535 LT 3800 o B2T9 ',_.5@}:"' ___.682; .J;t.:_n—ow— --.._Lg_ii‘""' T .9200 L6445 -
T L Y et T T TRt 70 St T —
L0600 ~ 1044 '.'-z'—ti;);:“—'-_-';g;gy;_a_ . «4200 =e83TT_ L6000 __Z___.__ __z____ ", 1A00 ._(;.353'9'"""‘:'155“0;. L8221 -
<0800 ~._2_::;l— __.zano--_-t-.:sj!g_g" W4400° =.B338 - . _1;9'9 _-—5322 m-m;a;o'éo .w;h 29800 ,911)

L1000 =, 2586 - .2;330 —-3:?15',2 T L4600 =a8238 T T 6400 .5;'7-‘2'9 ------ .—;;’;:m .2ne';ﬂ:___1,,,q_;t.) 1;;imo;;o

L1200 =~ 3578 :3_0;-'[;-—- = 7467 J48DO -.8075 26600 - ~;1L9—5_ - .;40—(;'": ::',“?9;1-'."::‘::-: -----

.14_0-0 -.4'05; -.32;00““' =.1740 . .5600 -, 7851 6800 -,3423  T,A600 - .3793‘“'—. —— —
L1600 = 4565 ._;1'4“66 T - 1968 5200 - 7567 '.-rom: ) -‘:‘911_1 — —“‘.saoo_ TTTUARTE — T:"‘ e —

FERRRTnAddusaaeadnenraniodan T&Fﬁnn»nuauunmouuunuauwm&un»#ununﬂm.an«maﬁuMluucmMwmtmuuﬁumwuwaﬂMvMt*m.tmunw.luwnamuiiﬂnmmum& B :
[T PPa—— - - - - - — - - - - .



http:qrAa.ZotA.1Aq~.tA

9 . . ’ P e e e
wy - o . o 0T )
L — e . PR ’.Iolooc....l...l...ct..d“q.o..'....'--..-..'..-... N — -

L .

L

U"’ _-:_ - aeee . # - .. e aem _. o :_. _"____-_-

“ - - - - - o m— 4w
R # . . i . e e
- - , # - . - PR ——— - - - ——
# . W oaee s B PR -

——i. . & . - ——-

W . * . wr aes

 —— - i A L] . P - e - . - - . —u e —r———

RN — @ - au
W # . . :

—_— . . . # ‘ g - e 4 e e — e a - - - RPN
# -

,
=
.

. -— ) - ” L] : . — . — — —
e ) o . T — e LT
h] Iy .
R . . e e
— e « B . . — . . ———— -
v e e .. L VU —
— - e e - [ = e e e ma mm emee o s = i, -
e . #
e e e . * - . e e e -
e e - - ' . [ S _ _ —
e as - e A .. -a - - - - - -
1 - - - . . - et Ak it S e i &

[P P

sp1

1
i

R A -




99T

. wemmane 4 e v e v

Y

|

Y L Ly g R T T Y T Py P ey L e Ly Ty L L L L T L L LS L L

€ & ° 3

- €

e

BT ST B ]

_MODE_NUMBER.=.3_.. .. . FREQ, RAD/SEC = 179.5617” FREQ., HERTZ = 28,5781 . MNON=DIMEN, FREG, = . 38,5103 - T
— e s .. Rt -
munwﬁr_ﬁ-ununin??pﬂ_tﬁig#_ﬂgﬂununm&uﬁnmwmtannnu#hu&uuapﬂngﬁgu_u_g’fuu‘g_ggn_ﬁu_uﬁ_gﬁg&gﬂgi_&!Et_?a_i_u_g:n#umwun{'ﬂiiiﬁﬁﬁ_ﬂ_}ﬁ’i'i?g_gfég?&é&"&h& S
: T T . TORSTONAL DEFLECTION. _ __ . '~~~ = oo e T T T
SYA X/L NEFLN __ _SYA X/\,___ BEFLN STA XsL. . DEFLN, STA X/l ___DEFLN__ SYA X/.___ DEFLN ____SYA X/L DEFLN
0,0000 e 0005 1800 __ _=.0004 <3600 L0013 5400 0043\ yEBO __L,0084 . ,9000__ L0071
20200 =. 0005 $2000_ _ ~.0003 C 3800 | 0016 _ . ,5600 0045 TiRD0 T 0066 9200 L0072
L0400 Soh005_ TTToE2007 T ~.0003 | L4000 . 0019 _ L5800 0048 " ,7680_ " " " L0067 ___ ,9400 0072 -
0600 " -,0005 " 42400 =.0001 4200 L0023 _ L6000 T TaesiTT 7Aoo T 0068 L9600 L0073 -

L0800 ~e000 L2600 L0000 L4400 T L0076 L6200 . 0084 p000 __ 0069 ___ 9800 20073 .

L1000 - 0015 J2BN0_ . ,0009 T 4600 L0030 T VG400 0086 8200 L0069 1.0000 0073

.12;-‘; -.ooﬁ‘sm——m:-gﬂ_i;fg—c;:" 0005 L4A00 L0033 _.,6@,09“'_“_'_ :_'_'._n_oga_"_‘:'—_;_.a:gbn“ i ".ogzig e

1400 -"E-foo‘s —m'_.'?f'g.gu‘j;j_'f T .0007 L5000 L0037 7 L6800 ,0060° 6600 T .0070 —

L1800 TSL0GET w3400 | L0010 +5200 0040 - 37;.00__ - L0062 dh“,aamoe .onv_n__"—_:j:_"_:_::—“:-:-:—:T_:_:“_
o e - . . e . e e = e

BRGRRA RO R B AT R D TAARBAO DI ONIEDRNCE PR AR BRI NEREIRGRORERRABORItIGaRI R ERERHIERRD NNt tuRBoE i bR nHTATRRAONNNGRU RO TR RENTOND.

—————————n vt mmamir— e - P




L ' T T T o
o . e -

@ t----‘--on----.oc..-..c!t“c"..o-ao...o-c"o....noc

——— ——— — = .

s e m N am o " ® e — o e e R
W . - o .. N - _—
" #
— . e e e e e e ——— -
#
(] T ® . . - et e et e A———n
- # .
e = : :
L S e =4 . bl . - -
“ e mems M mET—ra. 2 A fr 1 ma
ﬁ R resar ———
Ww o . . & - . -
+#
———— e et i 4 U w1 N + ' - D -
1 - # . N
* - W e r—— s o= A - s ———
- “ . v * v v d o '
i —— “ Pr—
- % \ ! - - - - - = M o —— e =
* e e s bt ey = e s 4 e it
— —— A s - e “ — - A = e e rH— — wy— = ==
——— -—. - ﬁ - - . — - - —— e — B e AR % e E————— -—
“ - ey -
“ . ——— - p——
pa— * ELY + .~ .. W et e me—ea ey == . ———
‘2 — ———— ——— — -— - e ——
“ .+ - - - -— - e —— . — -
'o - - - . - - — - — aa M e — -
9 - -y - - — - . - ———— e . e, 8 B ———
SR = ) — e e er e -
‘ ——— A - - A T — " P it —rre
5 1 - —————— aae o — r——
4 —— b . v — [ —— - . - Ea —_— -
’ e . —— - ‘ -



G

v

L

891

v o - - - - e emme 4w e ae— -

I T L

M Y R R T R T L L T T T ey T -
_ __MODE_NUMRER = & . FREGQ, RAD/SEC = 250,7197 FREQ, HERTZ = __ 39,9033 . NON=DIMEN, FREQ. =__ S53.771%

S Ay L L T g Ly L L e X L L LT T T T T T

T FLAPWISE DEFLECTION . " __ .. T
STA X/l OEFLN___BTA X/0___DEFLN  STA X/L , DEFLN  STA X/ _ PEFLN _ STAX/L.__ DEFLN___STA X/l OEFLN ___ . "~
0,0000___0,0000 L1800 . __ 1643 L3600 ¢ L6109 5400 T V39577 T FEed_ =.emipl " 9000 _-.14pr T T

T =, 9187

20200 002) T.000 __ ,P128 | 3800 6253 7 85600 ,0GBE T, 7400 - _+9200° " .0642

<0400 L0083 .2200 . ,2673_ L4000 L6258 .sR0p_ TS 187777 7 L7600 1 =,0225 L9400 ‘2888

. 0600 L0180 +2400  _ __.3B57 4200 L6100

6000° %2654 7800 _=,9006_ " ,9k00 " sp2a’

»0800 0293 7426000 3887 4400 5773 (6200, =,3999 ____,8006. _ =,ps87 " ,96800 27603

<1000 (0432 __ 426800 V44437 L4600 W6259 | (BADD.. _ =,5P69_ __ JA200_ ___w,71662 ___1.0000__ 1.0000

—— Hremav . O . — = - - p—— e m— e s n & M et er—————- - ————— ——— +

(1200 0628 230007 " ,4985 44800 4554 L6600 =,6422 0400 __=,6532

<1400 L0891 " " ,.3200 _ +5457 5000 + 3662 O8O0 =,T42) _ +8600 =sSP00_ - -_____.___..______.:
12 e ———
u X - \ LT LT
10 +1600 L1229 +3400 7 5838 5200 «2599 L7000 o e

(= B230 _  RADD.  =,3395 . _

EE T A R o R A g A ey 4 Y Lt s S i i Ll L)
Bedhilabioheh Bl A & ARITdGGaa Ry spanataRERIROD '

-= - we - - - e i E e & mmamee e e —dee = w R e e e g

e s ainp o ——— s - ] m c eee ram

[P . . ——t e o . ————— ey e 7 s At — o &




8 e s e ' . . L. L T T
~ L o __

%] - serdsesssanssssesassbasda qsnsanortunrnatttongpnnst

- . M - o o enm o WAbmn men e e A k. m— i bbb e em
- ¢ o am— e . - .ﬂ - . - L] A r - r W B ok aMas g o e . —— W N e e ———
v . . « ® o e —_— e — .- e e oo e
- —— - - “ - e r e o b—
: - - - L4 “ ~ s Ar o srmeew mes = e o A awe - -~ - —
i v e e . . . # .. e e e = . — e - L. . -
—— e = . PO S, - PR
. #
, ——— i = \ - . L et o
b — e e . * .- came e s .- - — e
- . . U S - ——-
b4 ﬂ - L} - e om - e —
k2 e e . tow - - .- —— e .
- —— L] “ .y - - ewa e e m— - — o weem merm—im— ] e m  ——.
“ P -
* 3 e ———— et =—n L . ' N e e —
“ . . e - e e et e e e e ——————
e —— . # . c ) . C e aa ¢ ——
L # .

- . - . [ R— —_— s e en emmmaea e m——————— -
e : # . mrr b e ————
———— e rr—— e e vw e - # - . . —- o ema ey mmam am U et el amomeee e e LS

. N N —_ .8 e e 2
' - - “ v . - -—— [
st e s . ¥ . - ¢ e ¢ e —s
e e - P e i e e R

12 LT ' : . T

n N o . C e e e e e maa

] . . e - .. e e -

' - T i - . Ear— i

. p——— _ ._ . 3 / o T ) - - —— —— -

7 e e et . e mrama -

. e .- . N, .. et —— e e

s © " . :

‘ T - - ) - — e A e ——— A A AL e —— ——— L ' . o o

,’ —— - - ~ o - —— - — - -————— - ———— -

WET o oadTm



OLT

. m e e p——— = e n [ — . Mmmmasm n

Y L L R T e ey Ty S g T e ey Yy Yy L e L L L L L L L ekl

MODE NUMBER = & . . _ FRFQ, RAD/SEC = 250.7197 FREA, HERTZ = 39,9033 _ _  NON~DIMEN, FREQ. =  S3.111& ____

uaiiEEBna6EFF&633&&33&#3anu#ﬁﬂaabuauganunnnnnﬂuauonduﬁﬂnnu»uduuunﬂa}&ud&uuiJibhiﬁ%ﬁinnﬁ»ii?iinaﬁ?»qg#uuu63?iiiﬁﬁ»unﬁﬁnuuuau¢¢

<

CHORDWISE DEFLECTION ~

TUOEFLNTTTTSYATR/L OEFDN

STA X/L PDEFLN™ " STA ¥7L | DEFLN _ STA X/L DEFLN STA_X/L . _DFFLN STA X/L

e g

0.0000 0.0000 . .1800 __ _ .0362 +3600 -.0137 5400 __ L8560 __,7200 1507 «9000 . 0326
L0200 L0683 T Te2d0dT T L0327 S3R0D -, 0169 L,85600 0727 T.7400 7" T146) L9200 =~ 0686 -

- &

<0400 S0125° 777 " TB200 L0276 L4000 2,0140 5RO0 7T 089377 T ,7600 T 1374 :T.9400 T =,1089 -

L0600 L0184 L2400 T ‘.0212 <4200 ~.0110 .\ngo___'___'.'ids'a‘ T LYB00 . T L2460 9600 =,1441

L0500 L0244 77 " 260l . T L0140 L4400 «,0056 L6208 _ __ L3195  ,A000 $1076 79800 T =, 1826

21000 - ,0d302_ " "T.2800 L0067 460N 0023 L6400 131877 200 T . 0RéS 1,0000. . =o22 .4
. . y

w1800 " .0345 3000 _-.0002 .4800 0127 #6600 1415, BR00__ L0616, e
S1400 03T T 43200 -, 006] 5000 0753 +6800 J4R2 | LBBOO__ | W033)_ T Tt e T T
+1600 L0376 T ".3400 -.0187 +5200 0400 .7000 .513 °_ T.a8po.  ,oms T T .

Yy oy R g g T R N P P B A R R R g g T L I




[ ]

L% ]

(W,

e

A R -

A - - —_— - -
# e e s T T .
¥ — e - a— are
Wt
o el T —_—
- # o e e e e e . e —— —
o
: e vem e e e«
N - hw e e e e e ama e
o .
. P - . e e e e e e
M e e measan D e e aen - -
M - . P
ot - . ] L o o _____ .
. #
- # .
» H -
: o - - e e e
b4 a ! + - ~ n o= LT TYRrTY
. “ - - - - -=n e - - N - ——r—
L # - e e e = ——-
- “‘ rrmr . - ~ b mw e - —
# S B} _ i )
- PR - .
- S s s - i
L] - - - PRe— o e v mu s e cewe m e s = —— -
“ - e —— i ot e P m——




LT

— ‘ - . R -
‘__ﬁ«ngq_gwuawuwuwnnuwwwwwu»wwuumwuwuauwnuﬂanwamunmtmwwmuu_ﬂﬂwna#nin«nunw#ﬂfﬂ#pj#ﬁhﬂ#ﬂ*ﬂ*“*#*liﬂiﬂﬁ*ﬂ'#“!*

n

T MODE NUMBER = 4 FREG, RAD/SFC = P&N.7T197 FREG. HERTZ = 19,9033 NON~DIMEN, FREQ. = 53.77Y4 __

Ty S R P T S R T Py T T T TP e T T T errr rr ey e e ey e vy e e vy el Y e T

T TORSIONAL DEFLECTION o o
T STA 7L TPRFLN D STA X/L DEFLN « STA X/L REFLN STA X/ _ NEFLN _STA_X/L ___ DEFLN_ " SYA K/L  TDEFLN_

TTTT0.0000 =.0150 +1800 ° -.01d L3600 0059 L5400 L0336 J7200 T ,0%05__  ,9000 " ,0518 e
TTTLEd TTsL.01%0 0 W20n0 T -,0122 L3RDN « 089 +5600 L0358 T 7400777 Tos1s T T 9200 Lbs2@ T T

 =efi)49 +2200 -.0110 4000 $0120 S5RN0N .0381 W7600 L0523 +94007 " "', 0528

T L0600 T ~,0149 «2400 -y 0095 +4200 «0183 000, L0802 7800 ,0528 9600 . 0632 e
T L0R0D T -,0148 +2600 -, ONTR 6400 +0187 6200 L0423 8000 "UBS30 _ L,9800_ _ L0532 T o
R . / ' LT T T T T
21000 -, 0147 «2800 - 0051 L4600 " oL0P22 L4000 . L0443 JAROD L0530 ____Y.0000 ____ .0530
——— s N . -
JYzod” T _=,014% «3000 -.n025 L4RN0 LT £ 6600 L0461 .8400 _ .o052&. _ . o oooT T N
————::;li—q - “-!014? B 3200 JOR07 .Qdﬂn «J2H6 +hBOH .ﬂ478 .8600 . "0524 i o TS mmm— ot o
1600 -.013R 3400 L, 0d30 L5200 L0317 L7000 L0492 JRRDD L0519 ) oo

%ﬂ#ﬂﬂ*h%ﬁﬂﬂﬂﬂ#h%ﬁﬂﬂ#ibﬁﬂﬁ#ﬁ&#*ﬂﬂﬁﬂ#*%%ﬁ#ﬂGﬁ*##ﬁ%ﬂ%ﬂ#ﬁﬂ*hﬁﬂﬁ“ﬂ*ﬁﬂ#ﬂﬁﬂﬂ#&#ﬂ#ﬂ*ﬂﬂﬁﬂﬂﬁ?ﬂﬁﬂﬁgﬂggg#“ﬂ#&ﬁ*“#ﬁ“&g?ig‘}.ﬂﬂﬁﬂ#“'ﬁﬁdﬂl“&




L

1S - -

- r—— e —— ——

e e o — .
. I e e ot e N —
. A - .
ssssessssassncsnsranvrsvtalarinnanessnrrcntrsanonns - e S e e o e e —————— 4~
. o .
# LT e o T I e e
‘ . o — en e e —— . tom—r ——— ot o
Lo } L T T
“ . ) '
M U R —
. . e e x v re e m mm e dn e m e  m——t e
“ - - e o R — PR p— - -————
A ’ - - . ——
] . . - - N
. e e e e — . - e e e e ot e e ——
. o e e e C e m—————
" - .- . e e e - -
.“ - - Epe—" - — -
.“ - - .
o T . T o -7
“I .“ - . - — e A - mwa e wman o ‘. .- = - - — e — —.——
.* - v L - mE omrem e de L] -— - -
ot n o e s <= o o
- LB i i ] ]
o
v r e e e emaeer — e mmo———ra r
- e Lo
'“ - - . - - e Poe mes wem
o . - e e
- .“‘7. - - .
. T - W e e




3
0
t3

L]

LE

PLT

" -

P e ~ e e e B eee————

P T T PP E L P P ST P L PR TR T L R Y T8 2 A e a 1 DAL A L AR R s A S A LA DEAS AR AL LA AL Aok Ak 4]

T MODE_NUMBER = S . FRED, RAD/SEC = 330,0171 FREQ, HERTZ =.. 52,5239__ .. _ NON=DIMEN, FREQ. = 70,3782~ .

~

Y FLAPWISE DEFLECTION _  ° " .77 o oo
STA X7L. DEFLN STA X/L  DEFLN  STA X/L DEFLN  STA X/L DFFLN " SPA X/L . __DEFLN__ “STA X/L DEFLN

0.0000 __ 0,0000 _,1800 __ ,0037 23600 +001A L5400 =.0103° 0 0 L7200 L0097 "~ ,9000 -, 0199

~

0200 L0001 L2000 7777 0042 ,3’ann L0009 | L5600 0120 " T 74007 TTTTL01587 L9200 " =.0481

0400 0003

27600 40215 T " L9400 " -,0820

L2200 T L0046, L4000 ~. 0001 5800

<0600 S0006 42400 L0048 +4200 -,0010 6000 -,0130 780077 0263 9600 T ol1202”

L0800 0009 42600 L0049 $4400 -.0070 L6200 “.0119 . 80007 T 0292 | L0800 __ -.1607

1000 L0003 2800 ,0046 4600 -, 00317 7T 6b00 T T4 00967 RE00. 0894 __ 1,0000 =, 2020 —

L1200 L0018 3000 _ _.N04? S4BO0 | =,0045 _W6600___ =,006) (8400 ,D25R. o -

21400 L0024 ",3200 0 _ .0035 5000 70062 (680D =006 LR600 __ G0Y70__ T T T TR
ll - - - -y ————
" . ' s .- —— -
) <1600 L0031 77,3400 L0027 5200 -.00A2 ;7000 ,0038 LB800 L0019 ... . .~

et ke o~ it o - b . —— = e . . O ——.

F

T T Ty s R e A P P S PP T T T L Y T e C T S T T P X e T L T T ST T T LTI LT e.LL
¥ ! pheuntdupaguieienion ik ¢




'1 “ e
' - : .. R - *

y T :
e
) —"'“-:i:;.::,::i: : o

A -

#

(R R RN RN L E RN RN N E RN NN

k-]

'
[N N B NN B

- . A @ e ekeiad e i i et o i s
L rrs b tinsnat st i ggituna . - . . -
. " .
. - m e P [P
, ot - e - ——— i
&
- &




9LT

1
x| _—'*;_Jp;_g;gannua.ﬂm}aaunuunnn#aﬂunauunuuwuuuu»uuuunﬂuunmﬂwnauuumwuunnpuqnuuuuuumwpuuuqnuuauuuuuu«wnuﬂgngqug«g’ﬁféégi;gg_’_igj_?i”__________:
43 " MODE NUMRER = § FREQG, RAD/SFC = 330,071 FRFG, WFAT7 = 52.5239 NON-DIMEN, FREQ. = 70,7782 . _ . _ .
K} D L T L R T Ty T LY T P A P PP PR Ty PO P T Y T P PO Ty e N T T s Y Y T S
N B CHNRDWISF PEFLECTION . oL T o T
STA X/L_ _ DFFLN STA X/L DFFLN ° §Ta X/L NEFLN STA X/L DFFLN | STA X/L __ _DEFLN___ STA_X/L DEFLN
w o ' ! — [ e
: 0.0000 __ 0.0000_ __ 41R00 -.n013 L3600 -.0004 L5400 L0028 7200 L0002 " "Lo000 T 0008
w T - . N T
c0200 " ~.0002° 7 ,2000 -.0014 J3ADN =, 0p01 JB600 0032 77,7400 =, 0008 49200 . 0035 ]
_— . e
TTTTi0400 T =,0003 2200 ~, 0015 L4000 002 .5R00 L0035 WTEND =, 00817 7T o400 0067 T
A . . ' . L — S
£0600 — «.0005 2400 =.n015 24200 + 0005 JL000 0035 L7800 -.00P5 L9600 L0102
! S0BG0 __=.0007 L2600 =.0014 V4400 L000A 6200 L0347 LRODD _ =.003) " T TTeade T L0140 T T
41000 77 =,0008 _ L2800  -.0013 - 4600 L0011 6400 W0031  LAR00  =,0034 T Ti,0000 7 L0i7a T
TT.1200 T° ~,0nn09 23000 - -,001 L 4B0N N01S 0 L6600 L0026 L8400 _ -,0032 - —_—
21400 | ~,0010 «3200 ~ UG L5000 L0019 JAADD L0019 +AEDD 00256 T
12 . e e e s =
n_ T . e
10 600 T ~,0012 «3400 - 0004 5200 L0024 7000 L0011 LBAOO -e0012 A o
, -
.—. ..—. .-..‘ - - .- — p——
7 ﬁ&u&ﬂ:iﬂﬂ-ﬂﬂﬂ&#ﬁﬂ-*ﬂﬂ*ﬂ'“hﬁﬁiﬂ?ﬂﬂ'ﬁﬁﬁﬂﬂﬂﬂﬂﬂ““ﬂﬂ#ﬂ#ﬂ#ﬂﬂ'ﬂﬂhﬂﬂﬂﬁﬂ'*ﬂ‘%ﬂ*ﬁ'ﬁ9‘ﬂ#ﬂ‘ﬂ‘ﬂ#ﬂﬂ-ﬂﬂﬂﬂ-“ﬁ““““l}ﬂl'ﬁ“ﬂﬂﬂ?ﬂ'ﬂ:ﬁ“-h#ﬂ“-ﬂ:ﬂ'“ﬂ-ﬁ-ﬂ?gﬁﬁ'?.gﬂ?lﬂﬂ“““ﬂﬂlﬁ‘ﬁ
& . ' e e e e mm _
s ' ——
4 Attt e i - T e R A e e e LA ——
3 ) I o em————



“d I o o T T
f‘& ’ - ’ —_—

oy

. 0-0------..--.'.onooo.--a*nl.I...lc..tOl.O'naoa..t. - - - —— e e . _— o —
J

£

#*
¥ * o
— e et v e s . . pe
T T . i LTI T T
¥ . * . e — - o mestremmne o =
5 .
*
W T @ S . e e o e
#* - - o p————— —— v - p——— - . e g r———— —— - —
N &
w T T . T L ST
#
“
[ B # R
o .
- ——— e M . ce, e e v e ¢ e
o T . # T L Lo L
) *
—_— e . me . —_——
S e e e . L ) : o -
T - # T e T mm o
o . # - - ) T T T ;
e N .
T T i # . I T
n T j e
n N . e __
o e e tms e e o N o - . e —-
— —————e - [
l__- T o e ) T T T T T T
; = .. . o ___.:..... ____‘__ . v e e+ s
. .. STt T T et e e el -
5__—_—.‘-‘ -7 ! - :
4 . ) T
a N ] il - o o m—a— e - s v e ———— - i W AN —— )




%4}

s

8LT

— e ——- B MR L Bl o B lh e e R b e ———a

——L 153 A R Y Ly Y Y e L T e,

" MODE NUMBER = 5 FREG. RAD/SEC = 1330.0171 FREQ, HERT? = 62,5239 . NON-DIMEN, FREQa.= _ 7047782

L A e L L R gy Ty g Y Ll L )

- - - - PT B ma—ah e s e e e A =

e TORSIONAL DEFLECTION v e e e .-
STA_X/L _. .DEFLN STA X/L DEFLN STA X/L DEFLN STA X/L DEFLN STA X/L ___DEFLM.. __STA_X/L __ _DEELN

L 0.0000 . _ _=.2751 _ __ «1800 ~.2389 23000 L0845 5600 L4T38 . JT200 _'l.:r,—a__:j_-q_::_::_':;i)'d;i_ﬂ L9717 —-
:"‘:_:Einuf___-_mnﬂ 2000 -.PP21 3800 1298 L5600 L5130 T L1400 “__',_.a'_l,gjq___-;:_.Qgg_o_l__.__'_‘_-,'hc;‘a.a:; e e
:*;:.:oélm'b" me2724 L2200 - 2004 W400N .1748 580 LA511 L7600 ,B3T6 “;2&00'_:"“;.9'9'0':;'_—_:_"_'_-_—:‘_'_‘_"_‘:
_*;%‘f;;;'ﬁ'r--::?y_;} . ‘ L2400 -, 1734 L4200 2195 AO0N .:RHRI * __wTB00 T ,BsPl .-'_.Q_f;_-nhtl.";" L -
:—i";a—_n—g ._--'.a:mo «2600 ~.1391 JBaNN « 2637 e hR200 L6240 '.a;n,o ) .'_:;1;;.‘9:’2‘_:_.9::309_ "__-_'—‘;_;-‘,;;;q o
m“::i;qiq:i_"j"_'-._gaaa +2800 -.N973 L6600 +3A073 L6400 JAERT T ,p200 2,6";6"('3_:7:_1_.'_67;[Sg_j_:_l—,“q't:;qtji; ——
_—m:;.':édﬁn_ '-_:_“-_,2653 _ 3000 - 0520 +4B00 +3503 L6600 L6921 L8400~ _,9p83 e i e "_h_,_—:"
T—-"I;'iﬁ—b_"“ =.25099 +3700 ~. 0068 H000 .3975 «GAON WTP41 2B600 .9428 a o -
:_',_':;1;';3‘—"7 “'-.25313 <3400 L0391 ' .%2641 4337 L7000 7547 +ARDO LOSA4 - - = ""“ "':_
— _;“:_.:;;E?t??igﬂvﬂﬁnﬁnﬁ#ua{ﬂﬂ&ﬂﬂ*ﬁ*%nﬁnﬂ-#;ﬂrﬂﬂﬂn—ﬂ#u—ﬁuﬁiﬂ}%nuﬂ-a###ﬁﬁﬂhGb#ﬂﬁuiﬂt{ﬂﬂnﬂﬂﬂlﬂthﬂﬁﬂﬁ-ﬂl‘ﬂﬁﬂ%ﬂ-tﬂﬂitHHHti:f\:g_?_#ﬂ&ﬂ?Egﬂ!q?l{ﬂdﬁft!ﬁ_ﬁ#o};gilr-" ) ":*-""




sr '

#

L N N NN N RN NE NN NN TR RN R NTYWE NN - e e = —_—
- -

L) # .

[ ]
H
1
1
'
H
v
1
[
.
3
'
1
'

R .o - e e e T T
—— - . “ - . ‘ - - -
AR et e 4 - - . # . - .
A T A b A ke Rl B L bk b ‘1 v e - b - - N - — R L e T
— e . ﬁ - - v ms o wm oamm am
i s oo L] # — - e e mem e .
D e T 4 - “ - e e——— — - - - —
——— - - - “ -
----- : . - .
s . . . — - b L
———— bl d —— = - . TR TE T
—— - - - - - “ V- 2 memese ‘--_.—_—. - ——— mme—y v
——————— . PRV S
— _— - - “ )
e - - “ - - - - ¥ e
- — e aem . - - - - —— & ——————- -




%)

08T

—— . e -
D L L g L Y A R s S A A - LA LA S LA A LA AL

o -MODE NUMBER = 6 FREQ. RAD/SEC = 394,77R3 FREQ, HERTZ =.., 62,7434 . . NON-DIMEN, FREQ..=Z.. 84,5494 . ___

AL LI TR E T Y Ly T T e ey Yy e L L L L R R AL A L3

S, FLAPWISE DEFLECTION T T T T
__S_T_A_K../L.- PEFLM STA X/L PEFLN STA X/L BEFLN STA X/L DEFLN . _ STA X/L . . .DEFLN. ..STA._X/L.. ...NEELN

T Ta.0000 . n.noon <1A00 £ 4926 +3600 LB379 5400 | =,8R90 TJTE00. L1042 __ ,9000 ____ 42970

—':::.:g?:q__"_ Ten074 «2000 LOUBS L3800 L7135 560 = 6150 JT4DO0 T 2499 ".9?06-"' ) .;_199:' e e
— na_r_;g' . 0285 «2200 L7243 L4000 5614 LSHO0 -~ 6797 .760.0 n _“._;apgg_'_;‘___'“_,_;qu-_,i_g:p_‘als e
:”—"'—"_:'.g‘_gn“ - w0615 L2400 LR31A Y . 3885 LH000 -804 L7808 4885 :;660.'—: '"-"..:'ii'as e '__
:'_':’—_—';’;E_i-'gn ' . 0999 «2600 L91HA . .44;\0 . 2030 K200 - 5440 ..auo.g . ”.:5650F_“"_.g;ago'_:"m:"-—.—sss;“ e
:""'_";:_—wou T Ta1467 \2600 9774 SGBHOD L0144 L6400 =, 4516 8200 L6032 __10300_:1796q_:t__j:_
:'::"'—:_j_a_hgom:__.zoqa +3000 1.0000 +4ROD - 1667 $6600 ~.3334 | L8400  L,§975 ,_ ______".' w___”_'::-:"“_
E_-:olf_o_ﬂo .2RAG .3200 9439 L5000 =.3290 600D =.1661 \6600_ 5472 - o “' e en e —f__
:::_‘;1_690 3841 «3400 $9297 .san'n -a4622 $T00D - 0474 B8R00° 44127 j__;':___ - — AR e —
___Jiﬂtﬂﬁﬁﬂﬁﬂﬂ#ﬂﬁﬂﬁnﬂ*#ﬁﬂ“ﬂﬂﬁ&ﬂﬁ#ﬂﬁ“ﬁ*uﬂuﬂﬂ*ﬂﬂ#ﬂaq#ﬁﬂﬂﬂ&ﬁ*ﬂﬂﬂﬂﬂﬂﬂﬂNﬂhﬁ*ﬂ#&ﬂﬂﬁ#uﬂﬂhﬂ“??ﬂhnﬂ&ﬂnﬂﬁn#ﬂ&ﬁff???Eﬁﬂﬂdn:?ﬁﬂiﬂbﬂﬁlh#ﬁﬂ#ﬂ*ﬁ



on'-oollool-n.lbo-ccocﬂoouliln.--oa..iolﬂi.lioitit.

. [ I T )

LR

.

i

' - . - — -
“ - - -

“ - " p— - -

“ - - - — . e e ———



-p

“€8T

s

L L L L T T Ly Y L LT L L

. MODE NUMBER = 6. FREQ. RAD/SFC = 394,P2R3 FREQ, HERTZ = 62,7434 NON=DIMEN, FREQ. = 84,5494 "

L T T L T L Y L Y L L ad

e e CHORNWISE DEFLEGTION o L s
T STA X/L . DEFLN  STA X/L DFFLN  STA X/L DEFLN  STA X/L . DEFLN . STA X/L . DEFLN.. __ STA_X/L . DEFLN
_T0.0000 . 040000 ., 1800  ~.1437 L3600 =.1695 5400 WYRe2 T 7200 T 0888 . Joo00____=,0603 -

0200 __ =.0160 L2000 -, 1664 «3IRNO -~ 1348 +5600 LeP0Y4  T4no _ __,0F08____,9200 __ -,0596

<0400 =,0317 «2200 -, 1884 +4000 “. 0946 .SA0n L2103 CoTO00 . L0434 __ ,9400 _ _ =.086% "
— “.:.nena -.ozmé 2400 ~.208P L4200 s RNG o000, 2113 7800 +0176 ..____._9.691;#,,_:-.951.9m"::: —
:__:_g_“gb“:* "= 0601 .260(; -.2724 AN -—B04? L6200 | L2081 .aopom.‘.:,-,..s‘),osa:_:_f__.;gg-zp;_',_;;.mg::
"__mu_:'z"_.—;:_(;_i_f.q;_j- -e 0711 2800 - PP%% L4600 0419 +6400 1924 T pR00 _ -_-,;6_“22_.;;9?:___:;9(15':____;-_-,g'gﬁs‘ e
:::"_'."1_296_;_'_ -, 0846 «3000 -, 2276 L4800 . +0R59 RYNTS 21743 ’.-aano -y 0404 - —'f_—_"_,'m_'_'_:?“_,:':_:::_:,_:f
;_"_;,_;_49:@ -.1013 .3200 -,P167 L5000 + 1254 +HAG0 L1518 JAGOD - 0513 L - . _:__ -
:—{“fﬁoo RS 3 3 $3400  -,197) 5200 . 1586 £ 7000 41263 WAB00 w0577 T "_j ":::‘f_—;;_;_:_
:;::Eif?ﬁﬁiguuguuunuuwnu*p*unnunﬂauunn»#ununnn»nuuunuu*»auéuanunua;unauwaunaunn#aﬁnnﬂyggu{w#&uunnauuunuaqqn§ggggkﬁztigigi%33%£3Ei—~“:::f-




¥

L3

e -
r

ssssssasssavasansdsnernaselarsgnarnecasnretengosrrns - - R P .
4 o

ettt m o mmm L] - - . - T < e P
& . P - -
oo ) wo, - . “ - e e e e s mm w4
“ . e s ——— i an = = e . — ——-

- i * e e e e ~ U VY NG
———————— o . . . R B e e R I
- an -..--...n “ . R e e A ——— e
- # . [ —

S e [ ] - ) e v wm— - - . ——
# L 3 » - - e —————AtA. - - e i - —
. o * y o e - -
st e & w—— - - # . - —a - - - .
y— e g - L] “ = e massmemma ve - - - FEREP T rr———— e — e b S i
Ld & - -
. . # , -
——— e — - . * . e v e - -
- * . - r wr - -’ " = r ————
s e s . . ' - o

e @

’ “ L] - s m— . — ~ - - - - o e —— s EF ——— L]
u » — o 4 mmemanE e m—. - e —— &
# L] -
i, . . [P o e
mr — 1 =t ) P o e e e m e - —— v - nw—




g

d

L

bt

78T

It sttt oy 4t e ——

T ﬁﬂ_'_;}:_é_ifiﬂ_ﬂg#uﬂhqﬂ#ﬁuniﬂﬂﬂtﬁﬁ#ﬁ-ﬂ-#n#{ﬂw{HHHH}ﬂ-ﬁﬂhﬂ-iﬂﬂtuﬁ‘H&ﬂ:n#iHHHHHH&iHHHH}ﬁﬂﬂﬁ&ﬁ##ﬁ#*n“un#ﬂl‘#“#“naiﬂﬁﬂ&uﬁiﬂtﬁ!h@#ﬁﬂﬁﬁ?#ﬁﬁ?ﬁﬂy?_{ﬁ_&?_ggﬂ -
____MODE NUMBER = 6 FREQ, RAD/SIC = 394,7283 FREG, HERTZ =  62.7434 NON~DIMEN, FREG. = 84,5494 _ .. .
E@E_&_ﬁﬁng{ﬂé?ﬂ"ﬂi{nunnaﬁewwnnu»onuwMwwaw»uaanwwnnnuuwwwnmmaunauauaauuwunugmtmaauwcuug@yaﬂqﬁgi}i{u;iigig‘djﬁé'ivu&333 o
— T TORSTONAL DEFLECTION oL
STA_X7L .. DEFLN STA X/L DEFLN  STA X/t DEFLN  STA X/L PFFLN  STA X/L __ OEFLN__ STA_ X/l  DEFLN
r
. 0,0000 . (0747 +1800 N65) L3600 -, 0095 LG400 -.n752 L7200 7T ,1159 T T L9000 ., 132)
L0004 2000 .060A JIR00 -,0185 5600 ~,0797 L7400, _-,1098.____ L9200 _-.,1338 ___ T " "7
T oego . L0740 2200 L0553 4000 -, 0271 5R00 ~,0B42 27600 <,1P32 _ 9400 _ . =413%8. _ _ . T
T _.0600 __ .0T3A +2400 LN4AT 4700 -.0352 6000 - 0ART STBOO = 1261 ,96m0_ . =,Y37a____ T
T T Jtene T L0736 . 2600 L0404 4400 - 0479 6200 <,003% . L8000 _ _=,12R4 ___ ,9R00 _ _ ~,1376_
. leMog. L0731 +2800 .03085 4600 20503 A400  -,0981 T (8200 ~,1300 11,0000 0 _.,t37e T T T
1200 0721 <3000 L0201 L4800 -,0576 L6600 -, 1028 L4000 -,1331 ——— T
nﬂ__;t:!légo NT06 « 37200 L0098 LHO00 1YY LAROO -,1073 .8600 o134 ° t i “-_-:;;::;;;:
17 - - -
W . ] . e
10 1600 .06A3 #3400 —.0001 5200 - 0703 L7080 -.1118 LAROD. .30 _
* ) .
s’ * ~ o .-...‘---.-:
7 ﬂ“é“ﬁ*ﬂﬂﬂhﬂﬁﬂﬁﬁﬁﬂﬂﬂ**ﬂﬁﬂﬂ“ﬂﬁﬂﬂﬂﬁﬂﬂﬁﬂ“ﬂﬂﬂﬂﬁﬁﬂﬂ*ﬁuﬁﬂﬂﬂﬂﬂﬂﬂ#*ﬁﬁﬂﬂ*ﬁﬂﬂﬂﬁﬁﬂ##ﬂﬂﬁ“ﬁ*“““ﬂ“ﬂﬁ“““ﬂ*ﬁ“ﬂ*ﬁQ“?ﬁﬁﬁ?ﬁr?g?!“?#tﬁ!tﬂﬂ!ﬁ!&ﬁggt - R
¢ m———— ) — i ———— —- - —— b b vy ——
s - T R . — . - - B b — i ———— .
+ R
e



%

T E R ET LR

tCssa s RFR ROt alt bt annRO RS

s T Be =

T T o =
LI I

#
#*
+#
#
#
L

— e e ————

*aasgesgpbatstdagpgeroe s . .- . .. Ve




73
N

98T

__‘_m_*f_“iﬂf;;éghuﬂCHHHNHH?NiﬂHHtiHHHiiﬂﬂﬂiﬁuﬁﬂ##ﬂ#ﬂﬂ'nﬂ-cHHHtiﬂlﬂﬂ#ﬂﬂﬂﬂﬁﬂ{_&#ﬂﬂﬂ;HHH@ﬁﬂ*nﬂﬁn{ﬂﬂﬂtGﬂ'C&ﬁuﬁ?ﬂﬂ-ﬁﬁ??hﬂﬁ-bﬂﬂ:ﬁ??i!??!‘?ie_!gﬁ-nﬁuiﬁu.“&Qﬁ_ﬁg

T T 7T 'MODE NUMBFR = 7 * FRFQ. RAD/SEC = ®41.7732 FRED, HERT? =  R6,2179 NOM-DIMEN, FREQs = 116,124
“-Xit:ﬁ:}"ﬂ-f_ﬂ_nﬁg?(_HHHHHﬂHtu&ﬂ#ﬂ*ﬂﬁﬂnuﬂ-nuﬂw#ﬁﬂ“ﬂiﬂ&éﬂﬂuntﬂtnﬁ!HHHHHHHHH:#intﬁ#ﬂ#ﬁq_ﬂh?ﬁﬂlﬁ_ﬁ'?“ﬂyﬁ#ﬁ&_&fﬁgfﬁﬁ{H.i{Ht!_H-O'hﬁ&ﬁf}fi}i&?ﬁ&ﬂ*ﬂ#ﬂ##b“ﬁﬁ*ii# -
. ' FLAPWISE DEFLECTION _ . _ _ 7~ S .
STA X/L NEFLN STA X/L ° DEFLN STA X/L DEFLN STA X/L _DFFLN __ _STA X/L__ _ DEFLN . STA X/L DEFLN
T L0000 t.n000 +1800 ABOR L3400 - 0919 Z5400 JA29 T L7200 | L6455 ____ 6000 _  =.5160 -
. le200 1 L0090 <2000 JSAES L3800 -,2496 .5600 3126 77,7400 7,475 .9200  Tn,3057 R
TTTTTTI0400T L0341 L2200 JHRAG «4000 - AHGS «5R00 L5332 ,T6DO T T,1822 7T L0400 e.0RB86 T T
T s0600 0 L0TH) «2400 LA9H1 L4200 ~ 4831 L6000 L7251_ _ _,7BOO -, 0695 " T 9600 eBO45
"" L0800 L1189 <2600 LG6H] L4400 ~.5331 .6200 LATIS_ _ ,B000 _ _=,3048 L8800 . 6424 -
T __.idpn 1742 L2800 L4945 L4600 - 6245 V6400 L0596  ,A200 -.5005 _ _ 1,0000 1.0300,_ "
T edz200 £2420 <3600 . IROA C4AND - 4572 L6600 .9811 LB400 - 6343 L
T s1400 +3197 3200 +?369 L5000 -, 31A7 L6800 ,9332 .R600 - 6859 o
12
" :.__..__r_._..,. R . - __......--......_.......__. -
T TTONR00 . .4019 23400 LAT40 LS00 -, 1345 L7000 LARIAS 8800 -64%3,___ . T T
L ]
» o .........-- n_-
? :_;‘G_“f_ﬁﬂ*_ﬂﬂﬂwﬂ“ﬂﬂ‘#*ﬂ-ﬂﬂ-ﬁﬂ“‘“““ﬂﬂ'ﬂﬂﬂ'ﬂ'ﬂﬂ*ﬂ'*i‘l’ﬂ“ﬂ'ﬁﬂ'ﬂ%ﬂltﬁ%ﬁ***ﬂﬁ*h%#ﬂﬁﬂﬂ'“ﬂﬂ““#ﬂ-ﬂﬁ#ﬂ‘ﬂ““ﬂﬂ'ﬂ'ﬂ“ﬂﬁﬂﬂﬂ“’“#ﬂ'*ﬂﬂﬂ'ﬂ-#'ﬂ'ﬁ?.“2#ﬂiﬂr_ﬁ.gil!?g.!ﬂ'?ﬁ'ﬁiﬂsﬁ*ﬂgi -
é ' i
s - ' oo T T
‘ — - N [PEpe——
? i o



it

[

e — -
- mman - -

-.c-oo-.-qo----oco----.oo”-IO.louOVlaOIOIOlQOODOU.I a . . Br e s m m ome ARty e e

a P

- +*

.- r & s P

. - _— - - e RS A et e e — kb i —
. - £l .- - - - - —
- - - . - - - - -
- . —— —— - —— -
” a - . o - .

L . . . . -
L] & — - -y - - - B ik e e—ee————— i —_ -
* - “ - » -
L4 “ - s e i - " 0 - — —
. # - e . Bt e et A A 4 e m—— 8
L4 . - A ——— —— - = e FEEE W pet y r—rr r—
. o . . e e mime m s ce—— ot —
L] . N e o 4 — - - - a———
.
- “ .
. . B, “ mm e mema— —



N\”

k)

88T

g . rinome 2z e e
B L L T T L A T T L L LY

MNDE NUMBER =

———

Y V-1 1
—“ o400
L .n6DO_
"‘"'"“'Zoano
T .idoa
1200
T .e1400

1 —

“ —— e N

w____«1600

ki

7 S——

‘ ——— —

H

‘ ettt -— -

D

DEFLM

0.0000

= 0612

=+ 1200

~+1749

- P2P7

= 27600

-.P949

- IPAN

~.35A1

FREQ.

8TA x/L

-

1800

«2000

« 2200

+ 2404

+ 2600

2800

3000

«3P00

«3400

RAD/SEC

NFFLN

-, 3BA?

- 4007

-2 4081

-,40733

-o JE4A

-.351%

-. 3050

-.247R

~-. 1831

541.7232

STA Xx/L
« 3600
<3N0
«4000
420N
4400
J4H0N0
«&ANN
L5000

L5200

FREQ. HERTZ = A6,2179

CHORDWISE DEFLECTION

DEFLN STA ¥/L PEFLN T STA X/L
~a1142 <5400 .2092 .iéh;
- D446 L5600 L1983 7400

.0273 5800 L1788 £T600

«OH3IP B0 L1618 . 7800

«13%0 +RBO0 W 1475 «8000

1752 L6400 L1373 . A200 _

2020 «6b0OD 1321 +B400

«2156 L6800 .1320 JBE0D

£2170 L7000 L1366 LBROD

B R T Y L L L R T T R ey e e e T Y T

"’“Baﬁiunnnnunnuuaununpnynnu»unqum.'mmmwwnnunuuuuuununnnnnwu#auhuﬁnwuau»annﬁ«anun«ﬁnauuqnunnuunnnunaﬂu_gg»g_!gniﬂuniﬂuinnnui o

_——— e e

116,1825

NON=NTMEN, FREN, =

e L i ———

~DEFLN__ | s TA x;. _“__DEF_..,N *_"5::— :_"'
i e
<1635 .9200 - 0470 e e e
21621 19400 _m'-.l_lfis—m - “_‘n___—_
L1672 ;_§m$ffgéﬁg;:::j::;ﬂ:.
,jﬁa;,“—ﬂ_.éa;ot?;;;;;;b.
+15A} '1.0009'.;_'__,".-.35111“ — —
L1396 T
21061 e _:,__ -
0671 STl




SdesssrgIs NN ERERERABTOIORSE

#
i
#

L

k-3
* s e 2w

A A panRRrrsetadddAngperaide




061

D T T Sea—— - — mrre r wer mnemm s . 4 e swme v e —
B R — A t—

nﬁggggguun#u#uﬂﬂgunnuﬁﬁéﬁnwgmt*uuauﬂ*ﬂmﬂwuﬂm}»iﬂmnﬁmmitn#nuumuwhnmﬂtﬂunnan#ﬁnnnnuunuummnauuuunﬂnbnuuunﬂuiﬂai“ﬂqgfﬁﬁﬁg?j!_

7T MODE MUMRER = T FREQ. RAN/SEC = 541,7237 FREQ, HFRT? =  R6.2176 NON-DTMEN, FREG. = 116.1824 .

*ﬂﬁ#‘tﬂﬁ.ﬁﬂﬂ-{}%ﬂﬂ-ﬁ#*ﬂndu#ﬁ*ﬂﬂ-ﬂ-ﬂ“h“{}ﬂﬁﬂ%ﬁ-ﬂ-ﬂﬂ‘ﬂi}##ﬂﬂ'ﬂﬂ-ﬁﬁituﬂi}*ﬂﬁﬁﬂ'ﬂ-n%h#ﬁ-ﬁh#ﬁﬂﬂﬂ#uﬂﬂﬂ-#ﬁ“ﬂﬁ#ﬂdﬁiﬂiiﬂﬂﬂiﬁuﬂnﬂQﬂﬁﬂ&ﬂﬁﬂﬁﬂﬁﬁﬂ*ﬁﬁﬁl’ﬁ#ﬂ-ﬂﬂﬂ#h—éﬁ —

e TORSTONAL NEFLECT TON .. T s —_
—— . STA X/I. DEFLN STA X/L DEFLM STA X/ DFFLN STA X/L NFFLN STA_X/L _ _DEFLN_ . STA X/L__ . DEFLN

7840000 w-,0202 41800 -2 0161 L3600 <0475 L5400 L1119 L7200 T L1697 T T edn0 T T T 1930 T —
L0200 " =.n2nl_ _ L2000 - 0134 .3800 0565 +5600 Jd188 1400 J1789 L9200 | Tli962] T T T
——nme o am . - fmnm e - .-
_TTTTLoA00T  -.0200 _«2200 ~. 0097 400D + 0649 L5800 12582 w7800 L1816 7 ,9400 _ ,2007__ "' ""7"C 7

L0600 " " ~,0199 «2400 - 0047 4200 1 L0778 +6000 L1316, _ L7800 T L1866 L9600 _  .2043 77T .
L0800 T -,0199 .2600 L0019 4400 0791 6200 L1376 @000 __.1%05,  L9m00 . ,2061
— w1000 | -,0197 +2R00 0103 (4600 J0R48 «A400  ,1438 _ T ,@200 L1932  _1,0000 Jedai v T T
771200 _=.0194 +3000 L0195 L4R00 0904 .6600 1502 +8400 (1944 ol I
_+l400_ -.n18A <3200 L 02HEK 5000 L0970 6R0 1567 +R600 21939 - R
12 e et ———— s
n T . e e
o7 1600 -.0178 L3400 .03A3 L5700 L1044 L7000 1632 JABOO L1926 LT
L
' o e
7:""i—'ﬁ'u»éuu_nummnunmmu«munummna#mmmwuannununndummnnuﬂ-ununuuﬁ?.Htu*nﬁnnqunuuuun#nﬂﬁ»auumwna*ngu*u*g?_gfi&_f&_ggpjg!_ﬁ_gg#?*fgggg_gggtn_ -
' ;
b s
R
- .. e e e
: - e e e Behbdebbcas



-4

L]

— s - .

PEsassaBrasegRensaa s

--o"’ooloano.-...o.l!ltb-..lo-l . - - — . . -~

+# »

M .- . _—— PN _.._......_.:-....... i r— v may e e —

. . woaem ma e PRI -

° B o - . - iieeee nam = n .

. T . "t e —

# ) T T T AT

" e e e

.“ - . e — e am e =

.“ - - e e Al s m me e m———

- * LET - - - - P ———————— . rEm— - = —_—

. * .. - - - - —

. “ .- . ) - - >

bd " ——— . € - ——

- ¥

. & , J— .

. # R - . - . e

. #

- o . _——— .o e ——

* “ - - - & ssmasrens v — B

* “ (R} "o —— T mwE o -

* # s - e mmree e tr e ————————t 4 —tian —

- # - . avarE - . Amamrs - AL o Wbt ey et e by

* # .

- # - EECE —_

. ® e —= am . B -
. . - - i e e e .



