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ABSTRACT

An analytical study of stresses in the blades recorded during the March 1971
tests of the DH 2011 jet flap rotor has been performed and presented. The main
objective of the study was to compare the experimental results with analyticaly
determined stresses. The comparison extended over 15 specific flight cases has
been only partially successful. In fact computed 3P and 4P stress components
showed only a poor correlation with the test data obtained. It is believed that the
gimplif ied model of aerocelastic effects used is mainly responsible for this
lack of agreement with test results.
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1. INTRODUCTION

The March 1971 Wind tunnel tests of the DH 2011 jet flap rotor have showed
high correlation between stresses and multicyelic control effects. By a suitable
choice of these multicyclic effects, reductions of 50% in stresses and vibrations
have been obtained. Though these results correspond to what could have been
expected, no reliable analytical methods exist to predict and explain the expe-
Timental phenomena. The purpose of the present study is to attempt with existing
analytical means the determination of stresses and their comparison with recor-
ded data.

The existing means consist of the computer program (Ref. 1), known as the
Evans - Me Cloud Program, EMCP, and an analytical method for determination
of stresses and vibrations on the rotor blades from known aerodynamic load
distributions (Ref. 2). The Giravions Dorand Stress Program, GDSP, is based on

transfer functions and transfer matrices suitable for investigation of complex
rotary wing problems.

The stresses will be analyzed at selected flight configurations, mainly at
advance ratios of 0.4, which have been used in the stress and vibration reduc-
tion study (Ref. 3).

2. SYMBOLS

Symbols of Ref. 1 are used throughout this document and will not be restated.

T period
Cn complex Fourier coefficient of n-th order

t /4 non dimensional time

N number of blade elements

o, tip mass of n-th blade element

m’n central mass of n-th blade element

kn equivalent spring effect between n-th and n. + 1st blade element
€ length of n-th blade element

On angle between n-th and n + 1st blade element

QTIDGEAY-{YO
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Fr shear at the end of the n-th blade element

G bending stress

Fh aerodynamic force applied on mp

5& ordinate at the end of the n th blade element

¥n angle between the n th blade element and the reference line
EI local rigidity of the blade

%’;'-1 mass distribution of the blade (blade density)

o blade longeron thickness

R rotor radius

0 rotation speed (rd/s).

Upperseripts ( ;.) and ( P ) indicates first and second order derivatives d_‘:
4%x
dE?

and

3. BASIC TEST DATA

The basic stress data has been processed to obiain their analytical content.
The following method has been adopted : the stress signals have been originally
recorded on photographic strips of CEC recorders (fig. 1), The period then has
been divided into 50 to 60 intervals defined by X , the corresponding ordinate

Y was noted. Traces n®'s 19 and 20 corresponding respectively to the stress
at 45% radius (4.2)and 70% radius (4.3), have thus been treated for 73 test points.

The Fourier analysis of the stress signals has been obtained at the Ames

Research Center by a standard computer routine.

In fact, only 15 of these analyses are of use for this study, since we have only
15 simulations. The simulations are defined such that the rotor is in the same
aerodynmamic configuration as in certain windtunnel tests. '

In particular, the cyclic and multieyelic pitch law was defined by Fourie'f
analysis of the flap deflection signal for these same tests. The deflection, produ-
ced by a CIMATRAN transducer, is given by trace n° 24 of the C.E.C. recordings.

- nar Sea
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These signals were first analyzed by Giravions Dorand, using a mechanical
harmonic analyzer and were then reanalyzed more accurately by NASA, usinga
computer.

We therefore possess 15 simulations giving the radial distribution of forces on
the blade as a function of the azimuthal position of the blade. These simulations,
numbered SIM 11 through SIM 25, correspond respectively to run-points 9-3, 9-4,
9-5, 9-6, 12-10, 12-11, 12-12, 12-13, 14-10, 14-11, 14-12, 14-13, 16-8, 16-9
and 16-10, for which we know the Fourier coefficients of stress at 0.45R and 0.7R.

4, CALCULATION PROCEDURE

The program described in the present note has been motivated by the need to
correlate the theoretical results obtained from the Evans - Mc Cloud simulation
program {(Ref, 1) with the experimental data gathered during the March 1971 wind
tunnel tests of the DORAND jet flap rotor. In the E. M. C. program, the aerodyna-
mic forces are computed at several stations on the blade and for several blade
azimuthal angles 4 . On other hand, blade stresses have been measured at 0.45
and 0. 7R, as well as the vibratory forces on the rotor hub, as a function of Y
{(Ref. 2 and 3).

The, purpose of the Giravions Dorand Stress Program is to compute the blade
stresses and vibratory forces from the aerodynamic forces. The method is based
upon the computation of transfer functions obtained from the dynamic and elastic
characteristics of the blade (Ref. 4 and 5), which are then used to compute the
Fourter coefficients of the stresses from the Fourier coefficients of the forces.

The G. D. Stress Program is composed of three independent programs.

1, BFHA (Blade forces harmonic analysis)

Computes the aerodynamic forces Fourier coefficients from the values of
these forces given for discrete values of

2. BSTM (Blade stresses transfer matrices)

Computes transfer matrices parameters from blade characteristics.

3. STRESS

Computes the Fourier coefficients of blade deflections and stresses and
of the vertical vibratory force on the rotor hub, using the output cards of
BFHA and BSTM.

In this chapter of the present note the mathematical methods involved in these
programs will be described. The following chapter will be devoted to the description
and use of the FORTRAN IV programs.

GD 005 GEN, EreTaSAY 30N
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4.1 The fast Fourier analysis (Program FHARM)

4.1.1 The complex Fourier serie

A periodic function F ( t), of period T , may be expanded in 2 com-
piex Fourier serie

FEYe = cp g " (1)

nag-~oo

The complex coefficients Cpn are given by

! —2‘ITJ has
Cn = F (a:)ﬁ dx {2)
o

where f(=)= F (Tx)
and o2 o= t/ T

These coefficients are related to the coefficients of the cosine/sine
expansion by the relations :

Ay =C,

A, = 2 x Raal part () 3)

Bn =-2X lmcug. pa"’i (Cn)

The computation of the Fourier coefficients amounts therefore to
that of the integrand in (2), which may be approximated, in the case
of digital computation, by the sum :

._21Tjn,x,P
Sp = Z Fp ¢ (:Cp-m - x‘p) (4)

The value of F s assumed to be known for N, points of the in-
terval (0, T ), so that

fo = Ft=p) = Flly)

0C1=O

X1 = 1

G D 005 GEN. PROTOmAY pran
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4.1.2

4.1.3

Principles of fast analysis

A direct computation of the sum in (4) is not desirable because :

1) it replaces the function F by a series of steps
2) the exponential FORTRAN IV function has to be called up for
each p and each n , which is a time consuming process.

The method of the fast analysis will consist in replacing the actual
function £ by linearly interpolated segments between two known
values fp and F p+1, and to compute the exact goiution for the
Fourier coefficients of this interpolated function { .

Also, a recursive algorithm is used which deduces the value of

the exponential function needed at a particular step from its value
at the previous step by simple multiplication, using the fact that :

¢(k+1)3 —ceF) x K%

The FORTRAN IV exponential function is therefore called up only
once, at the beginning of the program, and subsequent calls are
replaced by a multiplication, which is some 10 times faster.

Equation of the fast analysis

The function F is presumed known at equidistant points 2xp. If
D is the interval between two points :

p
DaeX g, ,-%xp = 1/N (5)
p = (p-1) D (6)
Equation (2) may be written as :
N7 " _2mWjna
Cp = o f(ac) @ doc (T
P=1 Pn'

Between :cpand Xp.1, the function F is approximated by the linear
function :

A f
Feoy= fpu Fforr=fP (oeioc)
Xps1 = Xp

G D 805 GEM.
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Replacing f by ? in Eq. 7, the integrand can be evaluated analy-
tically and ¢, is found to be equal to :

r

ZH p-1 il p-1
1 "o
Cn= 2mjn [A“ p=1 fo En +Bp p§=:! FP"” En ]()
where .
~-2T)nD
Epo=x @ ‘
2w ynD )
Ap= 1-(1-¢ )/ anjnD (10)
_2wjnd 2T{nD .
B, = -¢ I -e J )/ 2mwjnD

Since ND = 1, it follows that

En =1
Fn‘+1 = £,
Therefore
H’ H’ - H’
p-1 P o P
— — - E = Z E
Hence(9) may be written as :
P= "I
1 p_i
Cp = 2Tfn (Ap+Ba/ En) 51 Fe En
or, using definitions (10) :
p=N’
P-1
2Ch= 1 Qa.ale'arE { En) pz—q FP En (11)
T n_Q D -

This is the formula which is used in the program for computating
the Fourier coefficients.

The quantities £, are obtained recursively by :

En= Ey En_y (12)

G D O0s GEM. ERC sy |x¥an



GIRAVIONS Doc' DH 2011-C.E1 .
DORAND | Page____ -9 __ ___

4.2 The

The sum over p , by the recursive formula :
S, =0
{13)
Sp-l-‘l = E,Sp FHJ- P+t
giving :
pP=N"
p_1
21 fo En = S i1 (14)
P=

Finally, for n=0 , a separate computation is performed :
Ca =D 2. [, (15)

method of transfer

4.2.1

Principle of the method

In this method, the blade is replaced by an equivalent gystem of N
rigid elements linked to each other by an elastic junction. Assuming
small deflections and negligible structural coupling, the three deflec-
tion modes (flap bending, in-plane bending and torsional} are treated
separately.

For the bending modes, deflections occur in a plane and each rigid
element is constructed with three masses, my, mg, chosen in
order to reproduce the same total mass, center of grav?ty and inertia
of the actual blade portion this element represents. The elasticity
of the junction is modeled by a stiffness coefficient k relating the
local torgue to the angle between two adjacent elements

The equivalent blade is cbtained by linking these elements and adding
the masses at the junction

This system is defined by the ( N + 1) coordimates of the element tips.
The coordinate %o defines the posgition of the hlade root and is either
taken equal to zero for fixed hub conditions, or has to be defined by the
hub equations.

For computation purpose, it is convenient to consider that the equiva-
lent blade is constructed with two-mass elements ( m’; ; central mass
and m;  tip mass) as sketched infig. 4..

GD 005 GEN.
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+4.2,2 Definition of the blade elements

o
Let P . be the blade linear density ( &, = d—:‘ ). An element of
length 2 , representing a portion of the blade between R , and R,
( P = R, ~ Ry ), is such that :

Ry
- total mass equation
m1+m2+m3=./€r.ctr_l, ( q )
'e!. R' .
(%m1 + rn,_)?. =@ rdr =1, (center of mass equation) (1)

? AR
2 ] 2 .
( 4: m, +mg) €= _L @oride =T, (inertia equation)

The values of T, , T, and I, are obtained from the blade massdis-
tribution.Using the solution of system {1) gives :

m, = I,-31,/8 +21,/48°%
] m, = 41,/ 8 _‘4.'[3/15’-2 (@)
{ ma = -12/-0. +‘213/€2-

Central and tip masses of the ith element are finally given by :

3
0

M, (L) + Mgy (C+1)
. (3)

3
n

C M, (L)

4.2.3 Computation of the stiffness coefficient

The stiffness coefficient K. to be associated with the hinge between

element (t-9) and U is evaluated by equating the deflection energy
for the real and equivalent hlade.

/ ’
For the real blade, f r{_, and r; are the radial distances of
the centers of elements ( L-1) and L respectively, this energy is

r"-_ M
W = L T dr (4)
2/, EL

PHOTOGAY - v
G D 005 GEN.



G l RAV I O N S Doc'_DH 2011-C E1 .
DO RA N D Page_. _ 3 S

4,2.4

where ™ is the bending moment, T the section inertiz and E |
the Young modulus.

For the equivalent blade :

2

W¢ = ji. k GL (5}

L
where O isthe angle between elements (L-1) and L . It is
assumed that the bending moment ™ is constant and equal to k; 8;.

Combining (4) and (5) then leads to :

/
r‘b

k. = 1/f dr (6)
, T
T"L_

1

’

Knowing the values of ™, m’. (equation 3) and K ;. (equation 6)
completely defines the mathematical model equivalent to the real blade,

The calculation of integrais I, , T » and Ta and of equation 6
ig performed simply by the trapezoidal method, knowing the mass per
meter and the local section inertia at a certain number of points.

A sufficiently large number of points will be taken to ensure good accu-
racy for the blade data. For example, 19 data points are required toadequate
ly define the-section inertia and mass curves in the case of the
DH 2011 blade (see figures 2 and 3).

Dynamic_eguation of the equivalent blade

The motion equation of the blade subject to forces f_ and rotating
at constant speed JS2 is obtained by means of Lagrange equations.
See figure 4 for the notations and sign convention uged.

The potential energy U is givenby :

N
2
= 1 . h :
U =3 LZ= ko6,  where ©; L _y,

1

The kinetic energy T is given by :

N N .
. 2 ’ . -
T=-1 > m %, + 3 > m.: (at-1+5g) +
2 =1 - 2 (=1 2

G D 005 GEN.
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Since the angles are small :

sinY:. = Yo = _____B’L‘QE-LJ

L™

enabling ©¢ to written in the form :

0. - B¢ _ z. 4 4 Fi.a (1)
+ e, 5‘___1 (2‘ + el-‘.") e/.

c

It is also possible to write :
4

. 5 . 4 .z
"'L=Z Q’J“"S'KJ=E 9(4-5 ) @)
}:1 J=_1
. ‘ 2\ (3
\"*’L = ;g - %.‘:’ cos Yo o= fy - %(1_/2_‘{[)()

The partial derivatives of the Lagrange equations can be expressed as
follows, using equations 1, 2 and 3 :

ou ki 6; . 1 k- 26' »
05. = é.t "kt.+1 e{_.m (e‘ + 23 )-l- L—-}:—E— (4)
- - c+1 e+ 1
!
2 . 2 X, !
—OJT =St (erL+m£%)+£ L2+1 m”;_ﬂ F i1
5
0 N
! !
S (Fln -TE %M (mj+mjnj) (5)
J er“J.‘.mJ- '..J.
d T . l r o -
BT(5)5 )= mL%“+¢m°5 ‘-+“5 ""‘ L it M 1 ()
[

The writting of these expressions may be simplified by letting :

1 1
L D e— e e
L «
Lt—‘ e’L
) F"
A = MmN m(" ¢

GD 005 GEN BHO TOGAY - YON,
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The final equation may therefore be written in the form :

Equation 7 may be expressed in the following matrix form

po= X8k,
€
l 1 ae
+4 Mgl +
where
where
Fq
F= F.
FN

. 1 .
r bL‘= Tm"""" T‘L_._1
™~
! L
CL=Z mye; +myrg
J=L+'T
!!_ 1 |
L M = M+ ™M1

. K. N S 1 |
L+1 65.1-1 L+1 %‘{&2 + m-.rél. +a- mL 6{-1
: +
(7)
! L) 2 , 2 ) 2
_:f ml:+1 'bi.-ﬂ + B/LQ-L 2+ K‘C.M b & -(a}_,_,-h’;_)cg-ﬂ-
Yo =(3-%:1) / el
6. —3 -& p— . u" + E'L‘z
¢ e 6&.-1 - £¢ 1

F_LEM.Z + EK.Z + n%°Ec.z (8)

51

i

%

B

G D 005 GEMN.
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F being the column vector of the forces and 2Z that of the displace-
ments.

EM, EK and EC are square matrices ( N x ™ ) which represent
successively the effects of mass elasticity and centrifugal forces.

The elements of these matrices may be calculated from the following
formulas ( Hz being the term inthe 1{th line and jth column).
r .

-1 1 '
Eslvii - :; fY\c
Matrix 4 EM = mi+1 (MI'vi-m" ) (9)
E-M L L 4. | L+
E Mi.+1 = 1 m.r.
\, N :;‘ L4
s L]
-2 ke
EK: © = ¢
."1 2 €
EK}" - o _KiYi +kigt Uiiq
| e';
C : 2 K
Matrix{ EK, =&t k. u,  + 2= (10)
EK < - g2 L1 el e S
L+ . .
EK? — de-‘\ Ucst + ki_+a U'L_‘,a
v o+t
L EKE’+2’ — k(.-i-?. .
L = : -
P’H-‘l e‘t.+’2.
( t- a: .
+c
BCL 3 - (11)
N [N
Matrix et _ ad b .
§ETL T g Sl iy
EC - L+9
gttt _ bi-cL
|
y € v

Remark : The non-defined terms of these matrices are zero.

it may also be seen that these three matrices are symmetrical (since
Ci-by = Q{41 * C L ) which simplifies calculation.
Equations 9, 10 and 11 thus enable the blade motion equation to he ex-
pressed in linear differential matrix form, which relates the Flapping
displacements of the N points selected on the blade (at the junctions
of the equivalent blade elements) to the aerodynamic forces applied to
these points.

F=EM.Z + [Ek+0°Ec].z

PHOTOUGAY - | YON
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This equation is easily resolved with the Fourier coefficients of the
displacement forces, since this amounts to a matrix inversion.

Thus we can write :
' 2
Fa= [ - A Em+ ER + 2 EC | 2,

where f3, isa vector containing the n-order Fourier components
(sine or cosine) of the forces on the various points,

Z, : same definition for the displacements

The n-th harmonic is thus given by :
-1
Zn= [-nPR%EM ek« 2 EC] F,

Remark : This equation should be applied twice for each harmonie,
once for the sine and once for the cosine.

4.2.5 Calculation of Flapping natural Vibration Modes

Taking the basic matrix equation :
e . 2
F= EM.Z + [EK+Q EC] z

it is seen that the resonant frequencies can be easily calculated by
writing that for these frequencies this equation cannot be inverted.

Let wg bea resonant pulge , giving :

2
F=[-wq eEM+er +0%eC] 2z
The conditions of resonance impose :

a

2 .
REM,E!« +_SLE<:] =0

determinant [.. [PE)

z
This equation is true if wg isa eigenvalue of

EM™ = +.Q.2EC]

GD 805 GEN. PHQIDGAY-{YON
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4.2.6

The various natural frequencies are obtained by calculating the eigen~
values of E M =1 (EK «+ n2EC].

It is apparent that the number of values obtained is finite and equal

to the number N of elements of the equivalent blade, whilst in
reality it is infinite. This raises a problem of accuracy and therefore
of convergence of the method.

We have, for example, evaluated the rate of convergence by calcula-
ting the natural frequencies of the first three modes of vibration of

a uniform bar, for differept numbers of elements constituting the
equivalent bar. Two cases of calculation were considered : zero speed
of rotation and a rotation of 33.3 rd /s.

The results are shown in figures 5 and 6.

Since we theoretically know the required values for a uniform bar,
we note that :

- the method provides good accuraey for the first 3 modes with a small
number {approximately 6) of elements.

- convergence is more rapid for zero rotational speed than for
SL =33.3 rd /s.

The application of this method to the DH 2011 blade enabled us to
determine the first three modes (flapping and the first 2 bending modes)
and to compare them with the values calculated previously. The calcu-
lation was made for a 6-element equivalent blade. See figure 7.

Caleulation of blade bending stresses

The blade motion equation enables us to know the Fourier coefficients
of blade distortion.

Knowing the cross-section thichness of the blade spar ig therefore
sufficient for determing local stress in this spar.

See figure 8 for the following calculation.

If kh; 1isthe half-width of the spar, we can express the stress 6
as :

Ae
G"L = E -

.
[

GD 005 GEN,
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For small angles, however, A¢; = WO,

whence O, = EO_ . h;:
e
Since 6, = ‘{L - ¥l = E'LEZ’L-—: _ 'c’IE.-eTfac.-?. ,
. -1
then finally :

G-' = - L ._5_;-_'_1 a 1 5(—2
= e (g % (e ) v e

This equation can be written in matrix form :

G = ES.Z

where G isa column vector containing the stresses at the N points
on the blade.

This equation can-also be written using Fourier coefficients :

Gu= ES . Zn

giving finally the Fourier coefficients of the stresses.

Matrix ES is defined as follows :

r ‘L—a 1
ES, =~ E .h:

- AR
ﬂ Es o _ E.h. %t

. 8 EL'

L

. 1

LES —3 'E ch'_ s T

The stresses can therefore be easily calculated by simple matrix pro-
ducts. ’

4, 2.7 Caleulation of hub vibrations

Vertical hub vibrations are determined by calculating the blade hinge
force. In order to obtain the total force, both blades must be considered,
which results in doubling the even-order Fourier coefficients and eli-
minating the odd-order coefficients. Odd-order vibration harmonics

G D 005 GEM, EHOTOGAY-| YO
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5. DESCRIPTION AND USE OF THE FORTRAN IV PROGRAMS

cannot occur in a two-bladed rotor.

The force applied by one blade is written :

Kk, O
= O, F. - 272 (1)
F A >

where F¢ is the centrifugal force.

Equation 1 can also be written in the form :

K k k %2
F = EJ. F +--—2-- + g - 2
e, ( c e, 61 ¢ P,a

Since the Fourier coefficients of ‘5.3 and %2 are known; this
equation gives the coefficients of the force applied to the hub by the
blade.

The constant term corresponds to lift.

5.1

As already stated, the computational program consists in fact of three indepen-
dent programs :

BFHA : Blade forces harmonic analysis
BSTM : Blade stresses tranfer matrices
- STRESS Computation of blade deflections and stresses.

The following is a brief description of each of these programs, for which the
listings are given in Appendix 1.

BFHA : Blade forces harmonic analysis

The distribution of forces along the blade is given at a certain number of
points on the blade (17 in the present case) and for different azimuthal
positions {24 in the prescnt case, i.e. every 15°). The purpose of the pro-
gram is to provide the Fourier coefficients of these forces (at the same
radial points as the data).

PROGRAM INPUTS : Read operations are performed in the following order :

- commentary cards : the number of cards is not limited (format 20 A 4),

- 3% INPUT DATA : this card (punched starting with column 1) indicates that
commentary is complete and that computing data will follow.

G D 005 GEM,
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5.2

- the next card contains in order :
simulation identification n°® in F 6.2 format {column 1},

number of azimuthal positions where the forces are given, in
I3 format (column 26),

mimber of radial points in I3 format (column 37},
number of harmonics required in I3 format (column 47),

unit (Newtons per meter in present case). This enables a factor to
be given for changing from the forces as given by the simulations
to forces in Newtons/meter. NW/M is contained in column 68.

-  the next cards define the positions of the radial points (values in frac-
tions of radius) measured from the blade roct. Format F 10.4 is
uged. Seven values are given per card (columns 11, 21, 31, 41, 51,

61 and 71).
-  Set of cards corresponding to one simulation (from EMC program).Put

the last 4 cards of this set of cards ahead.
- Card % END (column 1) indicates there are no more cases to be
treated.

If this card is not present, the program starts reading new data {same
presentation as before : commentary cards, etc.}.

PROGRAM OUTPUTS ;

-~  line-printer cutput containing input data, and the Fourier coefficients
harmonic by harmonic for all the radial points defined by the input data.

-  punched-card output containing the same data and directly usable for
computing stresses.

This set of cards is entitled PUNCH 1.

BSTM : Blade stresses transfer matrices

The purpose of this program is to compute the transfer matrices EM, EC,
EK and ES defined in § 4.1.2 and the natural vibration modes.

Since there are a greater number of inputs and outputs for this program,
the following description refers to A-pendix 1, which gives the listings.

PROGRAM INPUTS

1}y -  Two cards containing : blade identification, rotor radius, distance
between the axis of rotation and the blade root, unit of length,

GD 00§ GEN.
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material modulus of elasticity and its unit, and the number of
data points of the blade characteristics (FORMAT 501),

-  the next cards contain the radial positions of the blade characte-
ristic data points (FORMAT 502),

~  the next cards contain the blade longeron thickness (FORMAT 502).
- card containing the units of mass and inertia (FORMAT 500).

- option 1l card :
Two possibilities : COMPUTED BLADE ELEMENT PARAMETERS
or GIVEN BLADE ELEMENT PARAMETERS

~ option 2 card :
Three possibilities : CONSTANT VALUE OF ELEMENT LENGTHS
GIVEN VALUES OF ELEMENT LENGTHS
OPTIMIZED VALUES OF ELEMENT LENGTHS

= if option 1 is "COMPUTED", the next cards contain the mass per
meter (density) and the cards contain the blade section inertia
(FORMAT 502).

2) - card NBE containing the number of equivalent blade elements
(FORMAT 503)

= if option 2 is "GIVEN", the blade element lengths are read
(FORMAT 502)

=  if option 1 is "GIVEN", the spring constants and the masses
assumed to be concentrated at the center and extremity of each
element are read (FORMAT 504)

- opticn 3
Two posgsibilities : PRINT BLADE ELEMENT PARAMETERS
- NO PRINT
- option4
Three possibilities : PUNCH AND PRINT TRANSFER MATRICES
PRINT ONLY
NO PRINT NO PUNCH
~  option 5
Two possgibilities : CONTINUE

EIGENMODES

=  if option 5 is "EIGENMODES", the next card gives the speed of
rotation in radians/second (FORMAT 505), and option 5 is reread.
This loop repeats until a "CONTINUE" card is encountered.

- option 6
Three possibilities : NEW BLADE CONFIGURATION
CHANGE VALUE OF NBE
END OF COMPUTATION

G 005 GEM. EHDTOGAY-(YON
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= if option 6 is ""NEW BLADE CONFIGURATION", the sequence
returns to 1.

= if option 6 is "CHANGE VALUE OF NBE", the sequence returns
to 2.

NOTE : Cards or groups of cards marked in the margin by "-" are
" necessary, whilst those marked by"=" depend on the contents
of certain options.

PROGRAM QUTPUTS

The line-printer output is shown in figures 9 through 12.

- the first page lists the mechanical characteristics of the blade :spar tick
ness,mass distribution and section inertia, followed by the total mass
average section inertia and the 1st resonant frequency of a uniform
blade having the same average characteristics.

- the second page lists the characteristics of the equivalent blade, i.e.
the masses constituting each element and the spring constants linking
them. The four matrices EC, EK, EM and ES are then printed out.

- the third and fourth pages gives two examples of natural mode compu-~
tations (EIGENMODE option) for rotational speeds of zeroand 318 rpm.

The punched-card output contains matrices EC, EK, EM and ES, in addition
to certain characteristics such as radius, the number of elements, ete.

This set of cards may be directly used for the third program and is
entitled PUNCH 2.

It should be noted a punched-card output is obtained only if the PUNCH
option has been requested. :

STRESS : Stresgs and vibration computation

The purpose of this program is to compute the rotor stresses and vibration
due to the applied forces (output of program BFHA), using the matrices
defining the equivalent blade (output of program BSTM).

PROGRAM INPUTS

The input cards are stacked in the following order :
~ PUNCH 2 {cards produced by BSTM)

- a punch option card :

GD 005 GEN,
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PUNCH in column 1 : punched-card output of the blade
distortion Fourier coefficients

PUNCH incolumn40 :  punched-card output of the blade
distortion as a function of blade
azimuth ( § )

unpunched card : neither option selected
- PUNCH 1 (cards produced by BFHA)
Three cases are posgible following this computation :
1) There are no more computations and computation therefore stops :

add the following input cards :

1 unpunched card
1 s END egard {column 1)
2 unpunched cards

2) It is required to enter another computation which uses the same matrix
data for the equivalent blade, only the system of applied forces being
changed.

In this case add the following input cards :

1 punching option card
the new stack of PUNCH 1 cards produced by BFHA followed by the
same procedure as before.

3) It is required to enter another computation with changing : the matrix
data for the equivalent blade and the system of applied forces.
In this case add following input card

1 unpunched card
1 #% END card
the new stack of PUNCH 2 cards produced by BSTM.

Followed by the same procedure as before.

PROGRAM OUTPUTS

The following data are printed out in succession :

- EC, EK, EM zand ES matrices

-  Fourier coefficients of the forces and coefficients C,, and M., (force
T T
and moment) for the rotor

- Fourier coefficients of the blade distortion

G D 005 GEN e gt
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-  blade distortion as a function of ¥ .
-  Fourier coefficients of blade stresszes
stresses as a function of ¥

Fourier coefficients of vibration (vertical force)

%
¥
- % Fourier coefficients of stresses at 0.45 R
¥ Fourier coefficients of stresses at 0.7 R
3 vibration as a function of ¥

¥ stresses at 0.45 R as a function of .
- various parameters of rotor operation with its cyclic control in parti-
cular (including multicyelic)

Results marked 3 are punched out onto carts independently of the PUNCH
option.

Remark
Certain results obtained on cards, such as the 0.45 R and 0.7 R stress
Fourier coefficients and vibration, have the same format as that used

for the input data of the multicyclic analysis program (see reference 4).

5.4 Conmclusions concerning presentation of results

This report does not cover all results cbtained on the line printer, but
tables have been prepared comparing real cases and simulations for the
stress Fourier coefficients.

In addition curves, obtained by means of a curve plotting program and
comparing stress curves for real and simulated cases, are presented.

6. SUMMARY OF RESULTS

The following presents the results of the stress calculations at 0.45R for the
15 stmulations at /u = 0.4 performed with the Evans -Mc Cloud program.

These 15 cases were computed with an equivalent blade consisting of 6 rigid
elements of equal lenght. It has been estimated from the natural frequency calcu-
lation that 6 elements provide sufficlent accuracy for computing blade stresses.

The Fourier coefficients of the computed stresses are given in Table I and shquld
be compared with the measured stresses given in Table I, In order to facilitate
comparison, measured and computed stresses have been plotted against Y on the
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same curve for each of the 15 cases.

Examination of the results leads to a first remark concerning the radial dis-
tribution of the blade stresses. The stresses measured during the runs are
maximum at 0.45R. For example, for the 15 runs analyzed, the mean stress ©,
is approximately 7. 75 hectobars at 0.45R and&0hectobars at 0. 7R. The computed
stresses, however, show a maximum at 0. 7TR. For example, the mean stress Go
is approximately G0 hectobars at 0.7R and 4. 8 hectobars at 0.45R. (See Figure 13,
where these distributions have heen plotted for Run-PT 9. 03).

Since total blade lift is the same in either case {measured and simulated),
there are two main reasons for this anomaly :

- the distributions of aerodynamic loading are certainly different for the real
and simulated cases,

- the mechanical characteristice of the blade, i.e. section density and inertia
are not accurately known.

This remark led to plotting the measured and computed stresses as ratios of
their mean values in order f{o be able to compare the two curves.

Comparison of computed and measured results does not allow positive conclusio
to be drawn. It is possible, however, to state that the simulated cases contain very
small 3rd and 4th harmonic componenis, whilst on the contrary the real cases
contain high values.

Correlation for the 1lst and 2nd harmonics is much beiter, as shown by
Tables I’ and II;, in which the relative amplitudes and signs of the coefficients
are very similar. For example, it is interesting to note the variations of the 1st
and 2nd harmonic coefficients for runs 14-10 to 14-13, i.e. decreased 1st harmonic
and increased 2nd harmonic. The overall correlation remains nevertheless rather
poor, as shown in Figures 14 to 28, because of the absence of higher harmonies.

When this was noted, simulation with 2 smaller airfoil stalling angle was
requested (12° instead of 16°) in order to attempt to introduce larger lift discon-
tinuities, which would therefore contain greater values of higher order harmonics
of aerodynamic force. This change did not produce the expected result, the 3rd
and 4th harmonic contents remaining far too small. This is explained that the
stalled sector for the blade at u = 0.4 occupies only a very small part of the
disk. The value of stalling angle was therefore returned to 16°.

7. CONCLUSION

The purpose of the work described in this report was to create a program for
computing helicopter blade stresses from a knowledge of the local forces applied
to the rotor disk
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L.ocal forces can be computed by means of the Evans - Mc Cloud simulation
program for the DH 2011 rotor.

During the DH 2011 rotor runs in the 40' x 80' Ames windtunnel in March 1971
the blade bending stresses were measured for various aerodynamic configurations of
the rotor (in particular, multicyclic control). Fifteen of these configurations were
selected and simulated with the Evans - Mec Cloud program.

GD's stress program enabled blade bending stresses to be computed for
these 15 simulations, the purpose being to examine the correlation between mea-
sured and computed values.

Comparison showed fair agreement for the 1st and 2nd harmonics of stress,
but very poor correlation for higher order harmonics (the computed values
containing only very small amplitudes).

Consequently, although the Evans - Mec Cloud program produces good results
for rotor performance, it cannot be used for analyzing dynamic phenomena, such
ag vibration or stresses.

In order to obtain a better description of blade dynamic loads, several
effects need to be included in the simulation program :

-~ unsteady aerodynamics
- blade flexibility
- wake effects

= Mach number effects.

It is, however, difficult to state which of these effects has the greatest influen-
ce on the 3P and 4P harmonic contents of local aerodynamic loads.

Notwithstanding the inclusion of these effects in the simulation program would
certainly improve the accuracy of aerodynamic force computation.
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APPENDIX 1

e T ST T e TS T2

This appendix contains the listings of the FORTRAN IV programs used for the
stress computation.

The three main programs are :

1) BFHA : Blade forces harmonic analysis ; which requires the subroutine
FHARMS3.

2) BSTM : Blade stresses transfer matrices ; which requires the subroutineg
ATEIG, B2C, CLEAR, EIGMOD, HSBG, IPOL1, LICOM, MINV, MOMENT,
PRODI1 and STRAM.,

3) STRESS : Stress computation
This program is composed in fact, of a short MAIN program and of a
subroutine named STRESS, The other subroutines required are B2C,
FSUM3, IPOL1, LICOM, MINV, MOMENT and PROD,

The listings of the subroutines are also joined to this appendix.
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C BLADE FORCES HARMONIC ANALYSIS

DIMENSIOCN H{2) s TYPELZ2) sUFL12)+T(20)+R120),DELTALG) COMLT)
COMMON FO{20)+FN(1242002)+sF 12442042}
DATA He TYPE,DATINLEND/ YA o "By *FZ","FX*y **INPY, "#END' /
500 FORMAT20A4)
501 FORMAT(FEe2e@Xy TRPM=,FEe 1y *NPTS=9,413,2X,*NPOST="41341Xy
19NHARM=® 13 41X FACTOR=?,E1Oe3:2A4/7(* X/R = ", 7F10e4))
502 FORMAT(13,6Ell.%)
503 FORMATU{TAG, 12X4F9,2419X%+F542/10Xs9F1a2//
1 3XeF€a2+6XeFTe2+8XsF60396XsF10e7)
600 FORMAT(*1SET NUMBER".13/)
&01 FORMAT(10X.20484)
602 FORMAT(//' RUN IDENTIFICATICN® 42X ¢Fba2¢5Xs *RPM=", FG.1//
' 11X, 13, *POINTS PER STATION®,110,4% STATIONS AT X/R =%//U{1X,18FTa4)}
603 FORMAT(1X4A2413,17F7e4}
612 FORMAT(/* FORCES VALUES MUSY BE MULTIPLIEC BY*41PElle3,
1' TO OBTAINY, 1X,2A4//% AMES DATA CARDS INPUY oee'/)
604 FORMAT{'LFOURIER COEFFICIENTS FOR ",A2,110+* HARMONICS ANALYSED? /|
605 FORMAT{IXsA2+1XeAlsT1294X,1P10E1143/(11Xs20E11a31)
700 FORMATIGOX,"OPTION CARD x%&adiixxl)
701 FORMAT(FGaZ v4Xs® ALPHAS=Y ¢F6e24® CJUR=",F10sT»Y MU=?,F6,3,4" SL=",
1 FS542Z24? THETA-‘-"|F5a2.’F6.2"UELT'|9F7.3’
. T05 FORMAT{A241X+11413+43X41PTEYC3/{10X,7EL0.3))
‘ NSET=1
6600 WRITE{&6,600)INSET
WRITELTT0O0)
5500 READ(S5,500}7
WRITE(G6,601L7
WRITE{T7.50017
IF(TC1}.EQ.END) - STOP
IF{T(1)aNE«DATIN] GO TC 5500
READ(5+501) RUNsRPMyNPTSyNPLSTyNHARM,FACTORyUF, (R(I},I=1,NPOST)
READ(5,503) COMySLs THETA,DELTA,ALFAS,EMR,AMU+CUR
WRITE{6,601) COM
RAD = 19G.68
OMEGA = OMR/RAD
RPM = 9.,549%(0MEGA
FACTOR = (Q.9&25%0OMEGA*%X2%(RAD*0.3048)%%3
WRITE{T7+501} RUNyRPMsNPTSoNPOST+NHARM,FACTOR UF{R(L)}+I=14NPOST}
WRITE(6+602) RUNSRPM NPTSNPOST(R{T I I=1 . NPOST}
WRITE(6,612) FACTOR.UF :
NC={NPCST-11/76+1
1001 DOl K=1.NPTS
‘ I1=1 ' '
: {2=6 - '
1002 D02 J=14+NC
1003 D03 NTYPE=1.2
3 READ{5,.502) KPSIvlF(K 1. NTYPED'I 11'121
[1=I2+1
12=12+6 ,
 IF{12«GTaNPCST) I2= NPUST
2 CONTINUE
1 CONTINUE :
WRITEC(E 603} (LTYPE(NTYPE)y KydF(Ky Ll NTYPE}+I=1+NPOST) +K=1LNPTS)}
1 NTYPE = 1.2)

C START THE FARMONIC ANALYSIS
NTYPE = 1
C STATEMENT 10C4 SUPPRESSED FOR ANALYSING FZ ONLY (NTYPE = 1)

£1004 DO 4 NTYPE=1.2
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L=}
N=0 i
CALL FHARMI (NPTS +NHARM, NPCST.NTYPE)
WRITE{ 6, 6040 TYPE(NTYPE) 4NHARM
WRITE(6,605) TYPEINTYPE}) jHILD+N+{FO{K)K=1,NPGST)
WRITE(T+7058 TYPEINTYPE} +L oN+(FOLK)+K=1, NPOST})
2004 DO & N=1.NHARM
3004 DG 4 L=1,2
WRITE{T+T705) TYPEANTYPE) sl obho{FNINKoL}oK=1,NPCST)
4 WRITEC(GE2605) TYPE(NTYPE) sHI{LY g No{FNEINs KoL} 2K=14NPOST)
WRITEL7.701) RUNLALFAS CJIR, AMU.SLy THETALRUNLCDELTA
NSET=NSET+1
GO TOo 6600
END
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‘505 FORMAT( "OMEGA=",F5, 1} o o '

BLADE STRESSES TRANFER MATRICES PROGRAM B
COMMIN/BLADE/BELT20 )4BER(20),8ECM{ 20) ,BETM{20) 4BEK(20) )
1 A{20),8(20)
COMMON/TRANS/OMEGA L E S(500 »EMI 605 +ECL50) «EK{100) _
COMMIN/HORK L2001, 420200 +H3(20} oW 4( 4000 ,H5{ 4000 ;
DIMENSION Tethlqa.CGDEl7i.304301.Brtaol.HEtaol,asraol. ;
L ULL3).UHI3}. 054 3),UEL3),BLIDIAS :
DATA CODE/*GIVE® y*OPTI®, "PRIN', *EIGE"s *NEW 1,°PUNCY, *CHAN®/
500 FORMAT{2044) : :
501 FORMAT{T1BLADE *¢4A%, TXe*R=1,1PEL1 003+ 1Xo*RO=' 4E10uT 41 X23A& /1 Xy :
1TE= yELOs301Xs3A444X 4" NINBER OF BLADE DATA POINTS®,13) :
502 FORMAT(10X,1P TEL Ca3) . -
503 FIRMAT(*INJMBER OF BLADE ELEMENTS =*,13). .
504 FORMAT(10K¢3E1De3)" ' :

506 FORMAT{AG,1X. 111} _

600 FORMAT(/* &PROGRAM OPTION® *,20A%4) :

601 FIRMATL/® RADIUS', IPE1243+1Xe38477 TOTAL MASS® ,EL2.341 Xe3 A%/
1* AVERAGED SECTIONAL INERTIA®,E1543¢1X.3A4/
2% UNIFDORM BLADE FREQUENIY'",EL12.3,* RAD/SEC")

502 FIRMAT( * ELEMENT?,T7X,'LENGTH®,3X, 240, DIST. SPRINS CTE. CENTRAL
1MASS TIP MASS'//(&X413,4Xe1P5E1243}14 ‘ '

603 FORMATI{/' BLANE STRUCTURAL DATA' /Y ELEMENT®,7X"RAD.DIST®,4X,*THIC
lKNESS'vZX-'HASS((G/W"!ZX:'SECTQINERT'II(4th3v4xplpﬁE1203” '

1 NJIPT = 1}

READING OF THE FOLLOWING DATAS=
BLID=BLADE IDENTIFICATION -
BRAD=BLADE RADIUS,RO=DISTANCE FROM THE ROTOR AKIS T3 THE/
BEGINNING OF THE BLADE. .
UL=LENGIH JUNITS, E=ELASTICITY MIDULE,UE=MODULE UNITS.
NR=NUMBER OF BLADE DATA POINTS.

READ(5,501) €BLIDI(I) +1=1,4)}4BRAD, ROy JILVEsUELNR
HR[TE‘ﬁ,SDl’(BLI](I.QI“I QJQBRAD RO+JL+E+UEN NR
F=1{1 4 E+0T }%E

READING JF RS AND HE. .
HE=THIZKNESS OF THE BLADE LONGERON,

RS =RADIAL DISTANCES WHERE BLADE CHAI&”TERISTI S
ARE MEASURED, .

READ(5,502) (RS{I)I=14NR} ;
READ{ 5, 502) (HE(I),T21,NR)"

READiNGrDF MASS UNITS (JM) AND INERTJA UNITS (UI)e
READIS,500} un.u: t
READING OF OPTIDN 1= . = o :
THO CASES - COMPUTED BLADE ELEMENYS PARAMETERS
: : | GIVEN BLADE ELEMENTS PARAMETERS

. READ(5.500) OPT1,TEXT
HR!TE(G;GOO) GPTI'TEXT

" READING OF OPTIIN 2= o . B
THREE CASES CONSYANT VALUE OF ELEMENT LENGTHS

3 . L3 -
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c - il " GIVEN VALUE OF ELEMENT LENGTHS
C OPTIMIZED VALUE OF ELEMENT LENGTHS
c .

READ(5,5008 OPT2,TEXT
WRITE{ 6,600} OPT2,TEXT

MO OD

C ‘
C RESET TO ZERD {(Se.P. CLEAR )
c ' L

CALL CLEAR(1)
c
c I¥ OPTION 1 NOT EQUAL *GIVEN®' READ BLADE DENSITY (8D} AND
C SECTION INERTIA (81).
c ‘ |

- IF{DPT1.EQ.CODE(L}) GO TO 2

READ(5,502) (3D(Id,I=14NR}"

READ{5,502) (BI{L}.I=1,NR}

WRITE{ 6,603) (1,RS(I)HECL) ¢BDET}4BICL)oI=1sNR)

NBE=EQUIVALENT BLADE NUMBER OF ELEMENTS,
2 READ( 5,503}  NBE

c
C RESET TO ZERJ.
G .

CALL CLEAR{2)

[F{OPT2.EQ.CODE(L I} 60 TC 5502 ,
c _ .
c IF JPTION 2 EQUALYGYVEN®READ THE LENGTHS JF BLADE ELEMENTS,
C

IF(DIPT2.EA,CODE(2)) 53 TO 30
c IF OPTION 2 NOT EQUALYGIVEN® OR *OPTI®*, COMPUTE THE LENGTH
c OF THE BLADE ELZMENTS.
C

BELS = (BRAD~RO}/FLOATUNBE)
1003 DO 3 I=1.NBE
3 BEL(I) = BELS
GO TC 4 :
5502 READ{S5,502) (BELIT1},I=1,NBE)

c
C IFf OPTION 1 NOT EQUAL *GIVEN* COMPJUTE THE MASS,GRAVITY
C CENTER AND INERTIA OF EAC+ BLADE ELEMENTS,
(o ;
4 IFIOPT1.EQ.CODE{L}) " GD YO 20
C COMPUTE INVERSE VALUES OF SECTION INERTIA AND STORE IN W2

1005 00 5 E=l.NR :
' 5 HZII?Bl.IBI(I!,'

- COMPUTE BLABEVELEHENT TOTAL MASS, CG AND INERTIA (54,SM1,5M2) "
A SSUME ' FREE HINGE BLADE {BEXK{11=d.) '

BEK{1)=0s

9] OO0

- X1 = RO
Ki =1 ;
XM1=RO+BEL(1) /2, S :
KM1=1 o -
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LI 7Y

1006

- LBOP - FRON 1206 T3 & COMPUTES BLADE ELEMENTS PQRAMETERS=
BECM=CENTRAL MASS
BETM=TIP MASS
BEK =SPRING CONSTANT,

D0 6 I=1.NBE

BEREI} = XL + BEL{L)

X2 = BER{I}

CALL MOMENT (WL ,s2+RSeX1sX29X19BDeK1oNRHKO)
84 = W14l ,

SM1 = Wi(2)7BELIT)

© SM2 = W1{3)/BEL{I)*%2

BNeleNeNel OO5 0

xBeNel

izl e NeNekKe BN

20

1021

e TaNa e

e EaRg

21

30

40

COMPUTE THE EQUIVALENT MASSES iEMl'EHZoE‘BJ.

SHM ~ F,%5HM] & 24 %SM2
e ®¥{SHML~5M2)
2e¥3M2 ~ SM1

E¥1
EM2
EM3

COMPUTE BLADE ELEMENTS CENTRAL AND TIP MASSES¢ BECY,BETM)

BECMII)
BETMI L)

EM2
EM3

IF{1eEQall} GO 10 7

BETMII=1) = BETH{I-t} + EV1 .
COMPUTE BLADE ELEMENT SPRING CINSTANT BEK

XM2=BER{I-1)+BEL{I) /2.

CALL MOMENTIW1s0eRSy XMLy XM2 XML, W2,KM1,NRoKO)
BEK({I)=E/vl{l)

XM1=XM2

G2 T3 6

BETMO = EM3

X1l = X2

GO TO 40

IF OPTION EQUAL 'GIVEN?,
READ GIVEN VALUES JF BLADE ELEMENTS PARAMETERS

BRAD=RO B s o ~ : ;
DO 21 J=1.NBE - - . .

READ(5+504) BEK{J)4BECMIJ]BETM(Y)

BER{J) = BRAD + BEL{Jl

BRAD = BERIJ) -

COMPUTE AVERAGED PARANET ER'S

G0 TO 40
CONTINUE

CALL V&RBEL(NR NBE) IN CASE OF OPTIMIZATION OF THE LENGTHS

IF(NOPT.EQ. 00 GO TO 41 - S
BMASS = O.K . 5 3:.!'
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o0

1050

50

OO0 O

[N EaNaleNe N

41

200

OO0 OO0

aNaNale)

(]

207

BRAD = BERINBE}

BIAV = Qo

DO 50 T=1.,NBE

BMASS = BMASS + BECM(I} + BETMII)
IF{1.E0.1) GD T3 S0
BIAV=BIAV+BEK {1} &(BEL(I-1)+BEL(I}}/2.
CONTINUE ‘

BIAV=BIAV/{ FLOAT(NBE=1}%E)

BMAS S = BMASS + BETMO

COMPUTE THE EQUIVALENT UNIFOM BLADE EIGENFREQUENCY
OMUB = 15,4%SORT{E*BIAV/(BMASSE{BRAD~RO}2E3))

WRITE{6+601) BRADyUL.BMASS,UM,BIAV,UI,0MU3

READ THE OPTION 3.

TWwl POSSIBILITIES PRINT BLADE ELEYMENTSS PARAMETERS,

NO PRINT.

WRITE{6.503) NBE

READ(5.500) OPT, TEXT

IF(OPT.NE.CODEI3}) G3 TO 200

WRITE(6,600) DPT ,TEXT

WRITE{64602) {1+4BEL{I},3ER(I}LAEKETILBECM{I)BETMLI) oI=1,NBE)

READING OF THE OPTIDN 4

THREE CASES PUNZH THE TRANSFER MATRICES
PRINT ONLY
NO PRINY OR PINCH

READ(S5+500) OPT,TEXT

WRITEL 6,600} OPT,TEXT

IS =0

IF{OPT.EQ.CODE{3I}Y [5=6

IF{OPTLEQ.CODE(B)} [5=7

COMPUTATIIN OF THE BLAJE STRESSES TRANSFER MATRICES EMy £y EC

CALL STRAMINBE NR2IS+RO+BLIDy HEy RS+EM4ESy EC, EK)

READ THE OPTION 5 CONTINJE ;
EISENMODES

READ{ 5, 5000 OPT.TEXT
WRITEL6+,600) OPT,TEXT

IF OPTION 5 EQUAL "EIGEN®' o READ THE VALUE OF (OMEGA , -
COMPUTE EIGEN MODES OF T+HE BLADE,AND READ OPTION 5 AGAIN. !

[F(OPT.NELCODE(4)) - GO TO 210

. READ{5,505) OMEGA

CALL EIGMIJ{EMLECEXK,OMZGA,OMUB,NBE) .
GO 1D 207 ‘

READ OPTION 5 | | | 7y
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c
210 READ{5,500) OPT,TEXT
MRITE(6.,600) OPT,TEXT

C
C THREE CASES NEW BLADE COMPUTATION
c , SHAMGE THE VALUE GOF NBE
c END THE COMPUT AT IONS
c 3 :

1F (3P To EC.CODE(S D 60 TO 1

NOPT = O

IF (0P T.EQ.CODEC T)) 60 TO 2

sTIp ;
END '
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COMMDN CFQBBQRO
DIMENSION BER{LS).ECE15,3),EK{L1S, 5!'EH[15g3loES(I5!3'vT‘20|tRlZD't
1D2(2)+I01{20e IWL (15}, IﬁZflS'vSIGHAl15!213vF2R1‘36'31fFC(3t21't
2WLE20) s W28 200 yHIL20) ¢WEIZ20) +HEL225 ) oAb {225 )4 WTL225),F2R1{B4 151},
ABELL150.,102122.8L:1D1 4)
5700 READ{(5,700) BLIDsNBEsCF+BByROs(BER(I )y I=1,NBE)
T00 FORMAT{*IBLADE IDENTIFISATION 9 o5A5 42X " NBE=7, I3:3K,*'CF=?
L1PEL QW3 BB, El043/1 10X, 7E10:.3)) .
HRITEL{6,7001 BLID!NBE.CF,BB:RO!‘BER'[lyl 1+NBE)
IFINBELEQ. O STGP ’ ‘ , o ;
NBE2=NBE*%2
CALL STRESS(NBE;NBEZvBERcEﬁ,EKoEMtESvBELo[H1|132931GNA FZ2Ry ‘
IWLle WZ2e W3y WG S HOLWT) ‘
GO 7O s700 ' ’ ‘ :
END - , - ?
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SUBROUTINE STRESSINBENBE2,BERQEC ¢EK4EM ES4BEL Wl 41 W2, SIGMA+F2R,
LWL o¥2 o W3y Wty WS K6 oW T)
COMMON CFB8B4R0O
DIMENSION BERCNBE ), ECIN3E,3), E((YBE.S);EM{NBEv3!-ESlNBE;3)-
LT(20) oR{200) 402423 oI01€23 o INL(NBE), T2 INBE),SIGMAINBE, 21},
2E2R1436+3)oFCE34210 ¢ 818 1 D oW20 1 FoH3{ 1 JoWal 1 )} ,H5(NBE2),
IHWE (NRE2 ), WT{NBE2 ), F2R{B,NBE),BEL{NBE }s1D212) :
DATA DATINJEND,ID2,VYES /7 &INP® ,*#END® ,°A®, *B %, * PINC®/
599 FORMATI® X/R = *410FTo&/(10Xs10FT.601) .
600 FORMAT(IX+*Z .2 ' +ALs1242Xe10F7437010Xs10F743})
601 FORMAT{®* PSI=%,F5.0.,'DEGREESY/{10X,10F7.3}) .
602 FORMAT{*1Y) _
603 FORMAT{//*' DIRECT INTEGRATICN OF FORCES'/* 1000%CT=%,FTe3,
1 *  1000%MT=',FT, 3)
606 FORMAT{(*1 BLADE DEFLECTION (100%Z/R} RADIAL DISTRIBUTION FOR DIF
L1ERENT AZIMUTHAL ANGLES®)
605 FORMAT{1X,2044)}
506 FORMAT (1X»284¢1Ke1P7EL043/{10XeTELIDL3))
607 FORMAT(®*1 BLADE DEFLECTION (100%2/R) FOURIER CCEFFICIENTSY)
510 FORMAT{'1 STRESS (10000%SIGMA/E) FOURIER COEFFICIENTS?) .
611 FORMATI*1 STRESS (10000%SIGMAZE) RADTAL ODISTRIIBUTIDIN FOR DIFFERE
1T AZTMUTHAL ANGLESY)
620 FORMAT{1X,?SIG * +Al,12y2Xs 10F743/1 10X, 10F7,3})
70l FORMAT{* ECY 47X 1P3E1D,43}
702 FORMAT(® EK*,TX¢ 1P5E 10, 3}
703 FORMAT(® EM',7X,1P3E10.3)
704 FORMATL(? Es'.7x.1P3510.3n
705 FORMAT(20A4) 3
706 FﬂRMArtzna,zx.1p7E1o.3f{1ox.7510.3;1
708 FORMAT{F6e2s4X " RPM=? ,Foo1, "NPTS=" ,13,2X 4" NPOST=", [3,1X,? VHAM=1,
11341X+* FACTOR=',E12.3.284/{ % STATION®, 2X, TF10, 4} )
750 FORMAT{*1 HUB AXTAL FORCE CCGEFF. (1000%CFZ) HARMONIC ANALYSIS®
1/F6e2¢%CFZ3%, 10F7.3/(10X, 10F T3} }
751 FORMAT{' 0.45R STRESS FDURIER COEFFICIENTS{100Q00%SIGMA /E)®
1/F6e24°SI5 " 31 0FTa3 /{10Xs10F7e3))}
752 FORMAT{(* 0.7OR STRESS FOURIER COEFFIZIENTS{10000%SIGMA/E)?
1/FBs247SI5TY ,10F7.37 (10X, 10F7.3)3
753 FORMAT(Y FORCE COEFF.{1000%CFZ) VERSJS BLADE AZIMUTHAL ANGLE BY I
LCREMENT DF 10 DEGe*/{? ZFZ{PSI) ", 10F7.31)
754 FORMAT(® 0.45R SIGMA VERSUS AZINUTHAL ANGLE BY INCREMENT OF 10 OE
1o' /70" SIGO.45R "4 10F 7, 3))
800 FORMAT(B80{%493/" RUN NUNBER=%,F6,2s5Xs % STRESS PROGRAM QUTPUT CARD
1}
READ{S, 701} ((ECCT4d)yJ=1430,1=1,NBE}
ARITE(6+701) ((EC{TodY93=143)y121,N33} ‘
READ( 5+ 7021 ({EKCEeJ}sd=1,5),1=1,NBE} :
WRITE(6,702) ((EK{Todded=1a5)4l=l,NBE}
READ(S5+703) 4UEMET+Jd) s I=1+3)e Is1,NBE)
WRITE(64703) {{EMII 4Jd) yJ=1430e1=1,NBE)
READ(54704) ((ESUTsd)ed=ly30,I=1,NBE}
WRITE(6,705%) (IESII'JQ'J=113IsIﬂlyNBEl
NO4=NBE+1 = -
NOT=NBE+2
BRAD = BER{NBE)
‘RO%4=0e 45*BERINBE} -
RO7T=0.T#*BER{NBE)
BEL{11=BER{1}=RD
DA 6 I=2,NBE
6 BELT{I}=BER({ I1}~BER(I-1) , - ‘
1 WRITE(6,602) be
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READES.T05) OPTLo T boi=1, D OPT2,{T(I},I= 103185
WRITE(G,605I0PTL, ITAT) eIl o908, 0PT24(T(I:,1=10,18) -
1000 READ{(S,705) 7
WRITELG.,605) T .
IFIT{1) LEQ.END) RETURN .
IFITO1).NELDATING GO TO 1000
READ{5.,708) RUN' RPM oNPTS NPDBSToNHARM,FACTORD24(R(T) 31=2,NPOST} 4
1RADRUS :
WRITE(6,7T0B) RUNo RPM JNPTSNPOISToNHARM,FACTOR D2 ¢ R{T Y o1 =2, NPOST}
1 yRADIUS ‘
OREGA = RPH*3.14159/30..
ORZ2=0MEGA (%2
C ‘ FACTOR = D.9625%D4 EGA%*¥2+#B8ER{NBE 1 %%3 . (0,9625 = PI*RHD/ 4}
C MULTIPLY FALTDOR TO OBTAIN Z/R IN Z
FACTOR = 1004.%FACTOR ‘
QR = 0,9625%0M2%BRAD*%3/250, |
WRIYTEL 7, BOO) RUN
NLHARM=NHARM +1
R(1}=R0
NPOGSTI=NPIST+1
RINPOSTI )=RADIUS
D0 tB0O I=2,NPDST1
180 RUTI=R{TIDI*BER{NBE)
NHARML =2%NHARM+]
CALL B2C{WT+EKyNBE+5,3}
CALL BZ2CIWS,EC,NBE, 3,2}
CALL LICOM{WO oWT +1e oW5 4 OM2 4 NBE, NBE )
CALL B2Ci{WT<EMNBEy3+2)
Wl{1i=0a
NR==1

1002 D0 2 NMHA=),NHARM]
READ{5,706) 101 4(Widld,+1=2,4NPOSTL}
WRITE(64+606) IDL (WI(E},1=2,NP3STL)
IF{NHALNEL1) 63 13 220
K1 = 1
CAll MOMENT(D?2y14R4RO+BRADy Do oWl KL NPOSTL (KO)
CT = 0,02%FACTOR*D2{1}/({QR&BRAD)
CMT =0, 01*FACTOR*D 2L 2} /UL QR*BRAD®E%®2)
220 Ki=
DD 3 I=1.NBE
Y2=3ERLI)
Yi=yz-BEL{I)
CALL MOMENTID2 +1 +Ry Yl.VZ.Yl.Hl K1 NPOSTL KO} -
Walll=0D20(2} /BELLT) .
W3{I}=D21{1)~H4lI} o ’
IFt{I+EQ.Y) &GO TO 3
H2(1=-1)={W3l F) vl i~ lii*FACTDR
3 CONTINUE
- W2INBE}= H#(NBE’*FAC70R
NOH=NHA/2 i i
IF(NOH.EQeNR) GO YO 10 o |
- M2ZN2Z2==NOH#DM2 ’ !
 CALL LICOH(HS.H&cl-al?.DNZNZ,NBE.NBEl - |
c ELIMINATE FLAPPING ANGLE UNDETERMINATION AT ROTOR FREQJEVCY
IFENDH NEL 1) G0 TDO 210
. NBE2S = NBEZ~NBE ‘
D0 200 I=)1,NBE
W5 {I®NBE} = Oy
200 WS{T+NBEZS) = Q. : o ) - |
WSINBE2) = 1. - . {1 |
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210
10

77

78

51
50

49

52

60

186

CALL MINV(ESeNBEvBE? IWl, IW2)
WS{NBE2) = G.

60 70 10

CALL MINVI W5 oNBE 4DEY 4 lilIW2)
CONTINUE

CALL PRODIWS.NBE, NBE W2+ 1sUW4)
DO 11 I=1,MBE
SIGMA(I;NHAI=H4(EFIBER{NBE!
NR=NOH

ﬁRIIE(&!éOB' CT . CMT

DO TT I=1 NBE |
HI‘I,=BER§"/BER(NBE'

N=1

NHA=0

HRITE{6.607)

WRITE{6¢599) {WL{I) I=1LsNBE}
IF{OPTL.NELYES) GO TO 78

WRITE{T 6071}

WRITELT7+599) {WL{I).[=1,NBE]}
CONTINUE

DO 50 K=1,N1HARM

Ki=xX-1}

DO 51 J=1N

NHA=NHA+1

IF{OPT1.NE. YES} GO TO 51

WRTTELT 26000 ID2{J) KL +{SIGMA{TI,NHA)YI=14NBE)
HRITE(6:.600) ID2{J)K14{SIGMALL yNHA) 1= loNBE’
N=2

CALL FSUMI[ 8 +NHARML F2R, SIGMA, NBE)
WRITEL£,604)

WRITE(64599) {W1{I),I=1,NBE}
IF{JPT2.RELYES) GO TO 49

HWRITE{ 7,604}

WRITE{7 599} (Hl(liol“l!NBEl
CONTINUE

PSI=Da :

0O 52 I=1.8

WRITE(H:+601) PSI+{F2R{14+J} s J=1,NBE}
IFIIPT2.NELYES) GO TO 52
WRITE{T601) PSIJ{F2R{I+J},sJd=14NBE}
PS1=PSI#45,

CIZ1L={BB+CF*0M2)/BEL {11+BB/BELL2) .
CZ2=~B8B/BEL(2)

QR = 100, *%0R

Dpa &0 NHA*I,NHARH!

Nl=NHA /2

FCll-NHA)=!Cll*SIGHAtl N153+512¢S!GHACEQNHAID*!l*( =ll&xNL) /QR -

CALL BZC(H5oESyNBE.3o2I
f04=1

“107=1

D3 15 NHAﬂquHARHI
. STORE Z/R IN H4
DO 16 I=1.NBE
H#{I) SIGMALT 4NHA) 7100, :
© COMPUTE THE STRESSES IN W2

- CALL PROD(WS s NBEsNBEsWGy1 W2
" T1=104

CALL IPOL1IC(H2, BERoVALvRﬂﬁqNBEu!IvIOG!
FC{2Z. NHAF=VAL
11=107



o

' ' ME. ﬁE4m11C-E1
- GIRAVIONS DORAND : : S ' Page : 39

CALL IPGLIEHZaBERwVAL9R07’N8E|1193073
FCi3.NHAR=VAL
DO1T7 E=1,NMNBE
17 SIGHA(TINHA)=W211)
15 CONTINUE
N=1
NHA=D
X04=0+45
X0T=0s7
WRITE{6,610}
WRITEL{6+4599) (W1 (1D I=LeNBE},X04,X0T7
DO TOK=1.NLHARM
Kl=K=1 ‘ ‘
00 Tl J=1.N
NHA=NHA+1
2 T1 WRITE{D,622) lDZlleKl:!SIGHA(I;NHA!;I Lo NBE} o FLIZoNHAY »FCU 39 NHAYS
TG N=2
CALL FSUM3{ B4 NHARMI1,F2RsSIGMA.NBE)
WRITE(G.611}
WRITE(T611)
WRITEL6,599) {Wl{I),I=1,NBE}
WRITEIT599) {Wl1 {1),I=1,NBE)}
PSI=0,
DO 73 I=1.8
DO 74 1I=6.7
T4 WRITE{I1,6013 PST.(F2R{i,J)+J=14NBE)
T3 PSI=PS[+65,
DO 100 I1=6.7
WRITELIL, 7508 RUNS(FC{ I NHA) JNHA=]1 4NHARML ),
WRITE(TI+751) RUNs (FCL2.NHA) NHA=1,NHARML)
100 WRITE(TI+752) RUNGIFCi34NHAY}, NHA=] ,NHARML }
CALL FSUMA{ 36, NHARM 1, F2R1.FL,3)
DO 101 1I1=6+7
WRITELIE,+753) (F2R1{1+1),1=1,35)
101 WRITE{II,T754) (F2R1{I42)+1=1,36}
DO 102 I=1,2
READIS,705) T
WRITELG6,705) T
102 WRITE{IT 705} T
GD T 1
END
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SUBRGUTINE ATE1G .

PURPOSE
COMPUTE THE EIGENVALUES JF A REAL ALMOST TRIANGULAR MA TRIX

USAGE’
CALL ATEIGIM¢A,RR,RTyIANA,TA}

DESCRIPTION OF THE PARAMETERS

M ORDER OF THE MATRIX

A THE INPUT MATRIX, M BV M

RR  VECTOR CONTAINING THE REAL PARTS OF THE EIGENVALUES
- ON RETURN

RI ~° VECTOR CONTAINING THE IMAGINARY PARYS OF THE EIGEN-.

VALUES ON RETURN

TANA VECTOR WHOSE DIMENSION MUST BE GREATER THAN OR EQUAL
TO M, CONTAINING IN RETURN INDICATIONS ABOUY ' THE wAY
THE EIGENVALUES APPEARED (SEE MATH, DESCRIPTION) .

IA SIZE OF THE FIRST DIMENSION ASSIGNED TD THE ARIAY &
IN THE CALLING PROGRAM WHEN THE MATRIX IS IN DOUBLE
SUBSCRIPYED DATA STORAGE MIDE.
1a=M WHEN THE MATRIX IS IN SSP VECTOR STORAGE MODE. .

REMARKS
THE JRIGINAL MATRIX IS DESTROYED
THE DIMENSION OF RR AND RI MUST BE SREATER DR EQUAL TO M

SUBROUTINES AND FUNCTEION SUBPROGRAMS REQUIRED
NONE

ME THOD _
OR DOUBLE ITERATION

"REFERENCES

" - JeGaFe FRANCIS =~ THE QR TRANSFIRMATION=-=-=THE LOMPUTER
JOURNAL,s VOL. 4y NDo 3, OCTOBER 1961+ VOLe & NDo %y JANUAR
1962 Jo He WILCINSOIN = THE &LGEBRAIC EIGENVALUE PROBLEM -
CLARENDON PRESS+ OXFORDs 1965

L IR R RS AR EEREERER L R EARERERE R NENERZSEZNSRR}] ....C...'....'l..,‘l.I...“I‘.-.“.-..-

SURRDUTINE ATEIG{M.A,RR,RI,IANA,ILA)
DIMENSION A(L),RRALILRI{1),PRRE{Z}I,PRI{Z2)yIANA{]L)
INTEGER PsP1+Q
- ET=1.0E-8
Eb=1,0E~-6
E10=1.,0E~10
DELTA=045
MAXET=30

INITIALL ZATION

N=M -
20 NI=N~1
CIN=N1=IA
NKH=IN+N
IFINL) 30.1300 30
30 NP=N+1



GIRAVIONS DORARD

Doc?

LTty

OO0 o0

oMo

aEzEe

[z Eale

40

&0

65
67
68

70
15

a0

100

110

120

130

140

ITERATION COUNTER
IT=0

ROOTS OF THE 2ND ORDER MAIN SUBMATRIX AT THE PREVIOUS
IT BRAT 13N

D0 40 I=1,2
PRRUTI=0.0
PRI(T}=0.0

LAST TWJ SUBDIAGONAL ELEMENTS AT THE PREVIDUS ITERATION

PAN=0.0
PAN1=0 0

DRIGIN SHIFT

RxG. 0
52040

ROOTS OF THE LOWER MAIN 2 BY 2 SUBMATRIX

N2=N1=1

INL=IN-TA
NN1=INl +N
NI N=TN+N1

NINI=IN1+NL

T=A{NLNL)=A{NN) A ,
U=T%T

V4o O%AININ F*AINNL )

IFLABS{VI=U*ET) 100,100,+,65

T=U+V

IFtABSIT)I-AMAXE{ UsABSIVII*ES) 6T7+6T+68
1=0.0

Us{AINLINLD+AINN]} ) /2.0
V=SQRTLABSET ) 1/2 .0

{IF{TI140,70,+70

IF{U) 80,75,75

RRENL ) =U+V

RRUNY =U-V

GO TO 130

RR({NL }=U=-V

RAINY =U+V

GJ 7D 130 e

1IF1T)120.110,110 - . . .
RRINLI=A(NINL) S

RRINI=AINN)

GO TO 130

RRONTI=A(NNY &

RR{N} =A{NIN1) "~

RI{N}=0.0 .

RI(N11}=0,0

60 70O 160

RR{NLI=U

RRINI=Y

. RI&ANLI=V

160

RI{N)==V |
IFIN2)1280,1280,180

TESTS OF CONVERGENCE

DH-2011 C - B 1
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180 NINZ=NiNl~IA

RMOD=RRENL}¥RRINL PRI (N1 ) =R I{NL1 D

EPS=E10%SARTIRM3D)

IFL{ABSCAINLNZ) I=-EPS)]1280,1280+240
20 IF(ABS{A{NNL})-ELO®*ABS{A{NN})) 1300,1300.250
250 IF(ABS{PANLI-AININZ2)J=-ABS{A{NIN2)I*ES}) 124041240260
260 IF{ABS{PAN-A{NNL DI-ABS{A{NN1II*XES)1240,1240,300
300 IFCLT=-MAXET) 320.1240,1250

e NeNyl

- COMPUTE THE SHIFT

320 J=1
DO 360 Isl.2
K=NP=-{
IF(ABS{RRIK)I~PRAL I} ICAISIRTI{K]~ PRI![i)-DELTA*lﬂBS(RR(KiI
1 +ABS(RI(K)II)IY 340,3560+360
340 Jd=J+1
360 CONTINUE
GO TO (440,460,460+480),J
440 R=0.,0
5=0.0
GO 1O 500
460 J=N+2~J
‘ R=RR{JV%=RR{4)
S=RR{JI+RRL S}
GO T3 500
480 R= RRIN!*RR(NII-RI(NI*RI!Nli
S=RRIN}I+RRIN)

SAVE THE LAST TWD SUBDIAGONAL YERWS AND THE R30TVS OF THE
SUBMATARIX BEFIRE fTERATION

OO0

500 PAN=A[NNL)

- PANl=A(NINZ )
DO 520 1=1+2
K=NP-I
PRRITI=RRIK)

5§20 PRI{I}=RIIK]}

SEARCH FOR A PARTITION OF THE MATRIX, DEFINED BY P AND Q

iaNekel

P=N2
IPI=NLN2
DO 580 J=24N2 ‘ .
IPI=IPI=-[A=1 :
IF(ABSIALEPI) I-EPS) 500+5600,530 "

530 IPIP=IPI+IA
IPIP2aIPIP+IA’
D=A{IP!P!*1A¢lPIPl-SI+A(IPIPZ!#AIIPIP#I!#R
IF{D 5404560540

540 IF{ARSLACIPII*A{IPIP+1))*{ABS{AL{IPIP I+ACIPIP2+1)~SI+ABS{ALIPIP2+2

1 1) =-ABS{DIREPS) 620,520,550

560 P=N1-J g

580 CONTEIMNJE

600 Q=P
G3 TD 680

620 P1=p~1
Q=p
00 &60 I=1,P1 t , i !
IPI=IPI~TA-] :
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IF(ABS{ALIPI) I~EPS 680,680,660
660 Q=0-1

QR DOUBLE ITERATION

oo

68G II={P-1)#*1AsP
DO 1220 1=PsN1
11=11=-1A
I11P=11+1A
IF(I-PIT20,700.+720
700 1PI=11+#+1 :
[pIP=11IP+1

INITIALIZATION OF THE TRANSFORMATION

(e Enlinl

¢ Gl=A(TTI®(A(TTI)=-SRALITIPI#ALIPI}+R
G2=A(IPTI*{ A IPIP)+A{IL}=S)"
G3=A(IPYII*A{IPIP+]1)
A{IPI+#1)=0.0
GO T3 T8O
720 GL=A{II1)}"
G2=A{111+1)}
IF(1-N2)740, 740, 760
740 G3I=AL1T111¢2)
. GO TO 780
760 6G3=0.0
780 CAP=SORT{(GL*GLl+G2*G2+G3%G3}
-IF1ZAP} 800,860,800
800 IF(G11820+840,840
820 CAP=-CAP
840 T=Gl+CAP
PSIL=6G2/T7
PS12=G3/7
ALPHA=2o0/(1,0+PSIL*PST14PSI2%PSE2)
GO TD 880
860 ALPHA=Z2,0
: PSTIL =040
PSI2=0.0
880 IF{1-Q03900+960,900
900 IF(1-P)1920+940,920
920 A{IIL1)}==-CAP
GO T¥O 960
340 A{II1)=-A(II1)

ROW OPERATION

OoMmaO

960 1d=11
00 1040 J=1.N
T=PSIT*A{TJ41) "
1F{ I-N11980, 1000, 1000
980 1P2J=1J42 |
T=TeP SI 2541 1P2J)

1000 ETA=ALPHA®{T+ALTJ})
ACTJI=ACTSI~ETA
ACTI+10=AC1J611-P SIL¥E TA
IF(1-N111020,1040, 1040

1020 ALIP2J)=A(IP2J)-PSI2#ET A

1040 H4=1J¢lA" -

COLUMN OPERATION

[aNgNg
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IF{I-Ni)1080,1060,1060

1060 K=N
G3 1O 1100

1080 K=l+2

1100 P=11P~I
DO E180 J=0eK
JIP=IP+y
JI=JIP=IA
T=PST1*A(SIP)
IFLI~N1)1120,114540+1140

1120 JIpP2=JIP+1A
T=T¢PSI2®ALITIP2)

1140 ETA=ALPHAX{ T+ALJT}) .
ALJIN=RALJT)=-ETA ,
A{JIPI=A(IIPI-ETAXPSIL

g {F{I~N1)1260, 1180, 118D

1160 AC(JIP2)=A{IIP2I-ETARPSI2

1180 CONTINUE
IF{I~N2)1200,1220,1220

1200 Ji=11+3
JIP=JT+14
JIP2=Jip+]A
ETA=ALPHAXPSI2%A{ JIP2)
A{JT)=-EVA
ATJIPI==-ETA%XPS I

R A{JIP2)=ALJIP2)-ETA®PSIZ

1220 Ii=1IP+1
SIT=1T4#+1
GO T0 &0

END OF ITERATION

e Nelal

1240 IF(ABS(A(NNI!D-ABS(A(NINZ!)I 1300, 1280,1280

TWO EIGENVALUES HAVE BEEN FOUND

laNeNg!

1280 IANA{N}=
IANA(NL )= 2
N=N2
lFINZIlQODol#OO.ZO

UNE EIGENVALUE HAS BEEN FOUND

SoOn

1300 RRI{K)=A(NN}

: RIINY=0.0 : : : o
IANA{N)=1 ‘ : ' :
IF!NI!I#000140011320 : :

1320 N=N1
60 1O 20

1400 RETURN
END

A



'Doc{f:DH-2011C-E1

GIRAVIONS DORAND Page a5

SUBRIDUTINE B2C{AR.BsNsMeN1) .

c CE SoP. PERMET DE PASSER DYJUNE MAFYRICE BANDE A UNE
C MATRICE COLONNE,
C N=NOMBRE DOE L IGNES DE LA MATRICE BANDE. .
C M=NOMBRE DE DIAGONALES DANS LA BANDE.
c M1=RANG DE LA DIAGONALE PRINCIPALE,
C A=MATRICE COLONNE DE DIMasN&®2 (SORTIE)
C B=MATRICE BANDE DE DIiM.=N&M (ENTREE}

DIMENSION AQ¢1),BINM) :

N2 =N#%%*2

DO 1 I=t,N2

1 All)=0,
Kl =1
DO 2 [=1.N

7 J1=MAXO{Ml~I+1el)
IF{14.GTaM1l) KL=K1l+L
K=K1
D3 2 J=JleM
IK=(K=1)%N+1
TF1IKLGToN2Y GO TO 2
ALIK)I=B{1.,J)

2 K=K+]
RETURN
END
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: F§/360 FﬂRTRAN H

r“PILER DPTIONQ - NAME= MAIN,0PT=00,LIMECNT=56,SIZE=0000K, "'

a2

€3
04

Y

G5 T :
CCe

0CT v, o

€09 o

0107 T
011

012"

CT{1)=0."

SIRCE, FBCDI(,NWLIQT,DcCK,LGAD MAP, NOEDIT,V“ID,NUXREF
SUBROUTINE CLEARIN)  © : SIAr EELI
INITIALISATION DES CB A O ST N= '\ By DES CT A o 51 N 2. -
COMMON/BLADE/ZCBL140Y ~ -+ - . e o =om i .
COMMON/TRANS/CTU281) -~ owm e e
GN TO (1001,1G02),N S

B O IR

CBIT)=0. . ¢ -
RETURN: ST
DO 2 . '{ = 1 ' 2 8:!‘ ‘VIA::':' - __ {‘ ."-.'.':'.:."". L. ._: t‘"‘ 2

RETURN -

END

A
k)
L
* - .
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500

501

1001

SUBROUTINE EIGMOD{EM, EC, EX4OMEGA,BHUB, NBE)

COMMONZWORK /WLL{Z0) o W2{200 4 W3(203 +We1%00),W5{%00])

DIMENSTION EMUILILECE1 ) EXLL)oIWLI200,1W2020}
DOUBLE PRECISION DEFMODI(2},DH
DATA DEFMQ)/*FLAPPING,*BENDING. */

FIRMAT{'iBLADE E IGENMBDES AT OMEGA ='4FT.2y°*
1% ROTOR FREQUENCVY ¢FTe2+% CPS%, 83X, ROTOR RPMY,FT,1//% *3RESINANCE
2 FREQUENCY OF UNIFORM BLADE (FUBJ' FT7e24! !
33X+t MODE® ¢ IX o * EIGENVALUES? » 12Xy YEIGENFREQUENCIES®y 33Xy *F/FUBY/

1TXe YIRAD/S) k%29 F1G Xo*REALT oBR4° IMAG" /7 }
FﬂRMAT(leAGpIZ-IPZEIZ-B'BX;OPFT.ZoBKvF6.ZB
FUB = DOMUB/6.2832
FROT = OMEGA/6.2832
RPY = 50.%FRDRT
CALL B2C{ M4 +EKNBE+543)
CALL "B2C(WS,ECyNBE, 3y 2}
X2 =+ OMEGA®*2
CALL LICOMINS ¢HS o+ 14 4454 X2y NBEs NBE)
CALL B2C{W5+EM,NBE. 2,y 2)
CALL MINV(WS«NBEsDELTs IW1l, IW2)
CALL PRODLIWS5.W% +W1loNBEsNBE)
WRITE{6+,600) OMEGA,NBE.FROT4RPH,FUB
CALL HSBGINBE. W4 JNBE} ‘
CALL ATEIGI(NBE+WoyWLl,wW2IWLNBED
DM = DERM3D{1)

DO 1 I=1.NBE

MOJE = -1

K = NBE - MODE

FREQD = SORT{ABSIWIIKIN1/5.2832

FREQR = FREQ/FINM

WRITEL(B,601) DMy MOIEKL{K} W2(K),FREJyFREQR
OM = DEFMODI2) '

RE TURN

END

cpscrz7/

!
l
47 {
|

FOR? 413 ,' ELEMENTS'//
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SUBROUTINE FHARM3(NPTS,NHAR# NPOSTNTYPE)
COMMON FO{20) +FN{12,20,2)+Fi 2442042}
COMPLEX EJD+EJND.CN
Nl = NPTS + 1
PI=3.141592
PIODX=PI %2 /NPTS
EJD = CMPLX{ Doo =2+ %PI/FLOATINPTS))
EJD = CEXP{EJDI}
1010 PO10 I=1,NPOST
FO{1)=0.
1001 DO1 K=] ,NPTS
1 FOUTI=FOLTII+F{Ks T+ NTYPE)
10 FOULI=FO{1)/NPTS
. EdND={1la+0ad
1002 D02 N=1,.NHARM
EJND=EJND*EJD
COR = (ls = REALUEJND)IIZ(PIDX*FLOAT(N®SXx2)}
1011 DO11 I=1.NPOST
CN={0De¢Qsl
1003 D03 K=]14NPTS
3 CN=CNAREJND+FIN]I-K; I .NTYPE)
CN = COR=%CN
FNEN«I»1)=REAL{CN)
11 FN(Ns I521==AIMAGI{CN]
2 CONTINUE
RETURN
END
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oad

s eyl

LR Nl NN elsleFele e Rala N e Ne R e R N N e N e e X2k kala e ina e R e

20
%0

L R ] ....CQV..."-..‘ ...-.' ﬂ‘."‘.’ .r.‘. * .‘ .-‘ .‘.‘. .’."‘i-. [N % ¥ | .7"030 [ 2 X X} ‘-. .A.....‘CO L .7.-... L]
SUBROUTINE HSBG

PURPOSE
TD REDUCE A REAL MATRIX INTO JPPER ALMDST TRIANGUL AR FI3M

USAGE
CALL HSBGIN.A,IA)

DESCRIPTIGN OF THE PARAMETERS

N ORDER OF THE MATRIX
A THE INPUT MATRIXe N BY N

IA SILE OF THE FIRST DIMENSIIN ASSIGNED TD THE ARRAY
: A IN THE CALLING PROGRAM WHEN THE MATRIX IS IN
DOUBLE SUBSCRIPTED DATA STORAGE MODE. TA=N WHEN
THE MATREIX IS IN 5SP VECTOR STORAGE MODE. .

REMARKS
THE HESSENBERG FORM REPLACES THE ORIGINAL MATRIX IN THE
ARRAY A,

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
NONE

METHOD
SIMILARITY TRANSFORMATIONS USING ELEMENTARY ELIMINATION
MATRICESy WITH PARTIAL PIVOTING.

REFERENCES
JaHs WILKENSON - THE ALGEBRAIC EIGENVALUE PROBLEv -
CLARENDON PRESSs OXFORDe 1965, .

.....t.‘...l...‘.o..'..O.....i...ﬁ-..ClG......O.i'Q.!QQ.-DI‘&:QQID.BIO!

SUBROUTINE HSBG!N;A;IA}
DIMENSION AL1)

DOUBLE PRECISION S

L=N

NIA=L %A

LIA=NTA~IA

L IS THE ROW INJEX JF THE ELIMINATION

IF(L=3) 36044040 =
LIASLIA~IA . :

S Ll=t-1

50

60

L2=L1-1
SEARCH FOR THE PIVOTAL ELEMENT IN THE LTH ROW

ISUB=LT A+L
IPIv=iSUB~-1A
PIV=ABSITA{ IPIV})
IFIL=3}) 9090 .50
M=IPIV~1A

D 80 I=L.M,1IA
T=ABS(ALL))
IFET-PIV) B0, 80,860
IPIVsl
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(N xNal

OO0

OO

a0
90
100

120

140

160

180
200

220
240

280
300

PIV=T

CONTINUE

IF(PIV}) 100,320,100
IF{PIV=-ABSI{A{ 1SUB})) 180,180,120

INTERCHANGE THE COLUMNS

M=ipPIVv=L

00 140 I=1.4
J=M+1

T=41{ J¢
K=LTA+1
AlLJl=ALK)
ALK)=T

INTERCHANGE THE ROWS

M=L2=M/TA

DO 160 I=L1,.NIA,IA
T=441)

J=1-M

ALTY=ALS)

ALJ)=T

TERMS OF THE ELEMENTARY TRANSFORMATION

DO 200 I=L.L1A.TA
A{TY=AlI)/2L15U8)

RIGHT TRANSFORMATION

==f A
DO 240 I=1.12
J=J+1A
Li=L+d
No 220 K=lsL1
Kd=K+d
KL=K+LTIA
ALK I=A(KI)-ALLIY=A LKLY
CONTINUE

LEFT TRANSFORMATION

K==1A

DC 300 I=1.N

KzK+1A

LEK=K+L1

S=A{LK]

Li=L~IA

Do 280 J=l.Ll2

JK =K +J '
LJ=LJ+Ia .
S=S+A{L AP *ALIK)®1.000
ATLK) =5 :

SET THE LOWER PART OF THE MATRIX TO ZERQ

DO 310 I=L.LIA,TA

310
320

Atl11=0.0
L=L!}
GO 70 20
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360 RETURN
END
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SUBRDUTINE IPOLI{Y.X,VAL,ARGoNa11,12)
SOUS PROG. D* INTERPGLATICON LINEAIRE DTUNE FINCTIINY DINVES
PAR Y(I)} ET X{I},ARG=ABSCISSE D'INTERPOL, ET VAL LA VALEUR
CORR ES PONDANTE «
N=NOMBRE DE POINTS DEFINISSANT LA FONCTION,
T1sVALEUR DE DEPART DE LA VARIATION D INDICE.
12=INDICE DE LA PREMIERE VALEUR $JP. DU EGALE A ARG, .
DIMENSEON XE1)+¥{l) -
00 1 I=11.N
12=1
IFIX{I)4GEL.ARG) GO TO 2
1 CONTINUE
GO 1O 3
2 IF(12,EQ.1) GO VO 3
. VAL= (Y (T2 ARG=X{ 12=1) oY (12-1) % X{ 12} =ARG) }/{X{E2)=XCE2-1D)
RE TURN
3 VAL=Y{[2}
RETURN
END

IzEaNeRaNale
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SUBROUTINE LICOMEXaX1oCleX2,C2cNeMi
CE SeP. EFFECTUE LA COMBINAISON LEINEAIRE DE DEUX YATRICES
CILONNES X1 ET X2 DE DIM.=N®M,AFFECTEES RESPECTIVEMENT
DES COEFFe C1 ET C2.LE RESULTAT EST DONNE EN Xe .

DIMENSION XLE10,X2{13,.XC1)

L ELE 3| '

DO 1 I=l.HN

XETR=CLe)1d )+ 20X2{10

RETURN

END
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aNaleNoEnRslsicisNsialalslalslaRalale el s iala el RalalaNa N aRe)

OO0 OO0

06 88000088000 000000600000C00 G000 0sotEIENseseD PP
SUBROUTFINE MINV

PURPOSE
INVERY & MATRIX

USAGE
CALL 'HlNViﬂfNﬁD_vL'F‘"

OESCR!PTION ‘OF PARAMETERS
A - INPUT MATRIX, DESTROYVED IN COMPUTATION AND REPLACED BY

RESULTANT INVERSE.

N - ORDER DF MATRIX A

D - RESULYANT ODETERMINANT

t =~ WORK VECTODR OF LENGTH M

M - WORK VECTOR OF LENGYTA N
REMARKS

MATRIX A MUST BE A& GENERAL MATRIX

SUBRDUTINES AND FUNCTION SUBPROGRAMS REQUIRED
HONE

- METHOD
THE STANDARD GAUSS~JORDAN METHID 1S USED. THE DETERIMINANT
1S ALSD CALCULATED. A DETERMINANT OF' ZERO INDICATES THATY
THE MATRIX IS SINGULAR.

.lll.ﬂ......O.‘?OQ..Q‘..B‘....I.‘..D.I'O..‘O......'Q.“.......O‘.

SUBROUTINE MINVIAN,.D.L,M}
DIMENSION a{B),LL{1) ML 1)

..G‘..l."‘..a....ﬂ.‘....Q.'.-‘...C..'...I....I..‘.‘..‘O..llt.

1F A DOUBLE PRECISION VERSION OF THIS ROUTINE IS DESIRED, THE
C IN COLUMN 1 SADULD BE REMOVED FROM THE DOYBLE PRECISIIN
STATEMENT WHICH FOLLOWS, .

DOUBLE PRECISION A.DsBIGA,HOLD
THE € MUST ALSO BE REMOVED FROM DOUBLE PRECISION STATEMENTS
APPEARING IN OT4ER RIUTINES USED IN CONJUNCTION WITH THIS
‘ROUT INEw |
THE DOUBSLE PRECISION VERSION OF THIS SUBROUTINE MUST ALSO

-CONTAIN DOUBLE PRECISION FORTRAN FUNCTIONS. . ABS IN STATEMENT
'10 MUST BE CHANGED TO DABSe . :

I'CI.C.'.-...‘...I..!.O.......I..O....'.......I..'..O‘.‘0..'..

SEARCH FGR LARGEST ELENENT

" D=1l.0

NK =N

DO B0 Kzle¢N
NK =NC+N
LIKE=K
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YOO

zNeEeNel

OO,

10
15

20

25

30

35

38

40

45
46

48

50

55

60
62

65

MI{K)=K &

K =NK +K
BIGA=A(KK]}
DO 20 J=K.N
[Z=NEtI~1}
DO 20 I=K.N
Id=[2+1

IF{ ABS{RIGAJ= ABS{A{IJD3) 15+420,20
BIGA=A(IJ)
Le{K)=1
M{K)=J
CONTYINUE

I NTERCHANGE ROWS

J=LIK}

IFLJ=-K) 35,35,25
KI={=K

D0 30 I=1.N
KI=KI+N
HOLD=<A{KI}
JI=KT~K+J
ACKE)=A{JI)
ACJI) =HOLD

INTERCHANGE COLJMNS

T=MUK)

IF{I-K} 45,45,38
JP=N®{I-1}

D0 40 J=1leN
JK=MK+J

JI=Jo+)
HOLD==ATJK)
ACICI=ALJT)
A(JI) =HOLD

DIVIDE COLUMN BY MINUS PIVOT [VALUE OF
CONTAINED IN BIGA)

IF(BIGA}) 48446448
D=0.0

RETURN

DI 55 I=1N

IF{I-K) 50,+55,50
IK=NK+]
ACTKY=ALIK)/{-BIGA)}
CONTINUE

REDUCE MATRIX

D) 65 I=1leN

IK=NK+I ‘

[J=f-N

DD 65 J=1sN

IJd=IJ+N

IF{I=K} 60.65,60
TFIJ-K) 62,65,62
Kd=1J=1+K
ACTII=AC I *A (K Y+AL 1)
CONTINUE

PIVOT ELEMENT IS
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gNuNal

oMo

70
75

80

100

105

108

110
120

125

130

150

DI VIDE ROW BV PIVOT

KizaK=N

DO 75 J=1.M

Kd=KJ*N

IFUJ-K2 707570 C
A(KI)=AIKII /BIGA S
CONTINUE :

PRODUCT OF PIVOTS
0=D*BIGA
REPLACE PIVOT BY RECIPROCAL

A{KK)1=1,0/BIGA
CONTI NUE

FINAL RJIW AND CILUMN INTERCHANGE

K=N .

K=[(K-11} .

IFIKD 1504150,106
I=L{K) ’

IF{I~K} 120,120,108
JO=N®{K-1}

. JR=N%(I-1)

DO 110 J=1.N
JK=JO+J
HOLD=A{ 4K}
JI=JR¢ 3

AU )=-ALJ 1)
AtJT) =HOLD
J=MiK})
IF(J=K) 100,100,125
KIzK=N

DO 130 I=1,N
KI=KI+N
HOLD=A{KL}
JI=KI=K+J}
AlKI)=~AfJ1}
A{JTI) =HOLD
GD 1O 100

RE TURN

END
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SUBROQUTINE MOMENTIF XNeMsXeX1oeX2 e XORF ¢KL o K2.K0 D
C TO CDMPUTE THE MOMENT UP T3 THE NT4 DRDER DF A MONOTONICALLY TABULATED
C FUNCTION FeIN THE INTERVAL (X1, X23eLEo {X{K1),X{X2)) WITH RESPELT TO PO
DI MENSION Fll!vFKNllioKlil LIONT XOR
Nd=N&] .
1001 00 1 K=KleK2
C SEARCH FOR FIRST VALUE OF X LESS THAN X1
IFIXEK)aGTu X1) GO TO 2
Il =K
I2=11 "
C SEARCH FOR FIRST VALUE OF X LESS THAM XZ
2 IF{XIK}jalTaX2) GO TD 1
[2=X=1
X GO TO 1003
1 CONTINUE
1003 D3 3 M=1,N9
‘ 3 FXNIM)=0,
1004 DO & I=11,12
J=1+1
XI=x{I}
XJ=X(J}
IF{I1.EQeI2) XJ=X2
A=F{1}
C={F{MI=-A/IXCI)=-X{LT )}
Zi=XI1-X0OR
‘L 22XJd-X0R
Az A« Cx{ XOR=-X( I} )
2004 DO & M=]1,NM
212=21%{ X1- XOR}
122=72%({XJ-X0R1}.
FXN{MI=FAXN{M+AR(Z2~-71L) /MeC%{ 222~ 212]/(M+ll
Z1=112
4 12=722
Ko=11
Kl=12
RETURN
ENDC
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SUBROUTINE PROD{A.LyNsBsM.+AB)
DIMENSION A{l) ,BEL) ,ABI(L}

DO 1 I=1,M

IM = {I~-]1}%*N

DO 2 J=1,lL

JI = J + {I-1)%L

AB{JI)} = Do

DO 2 K=14N

KI=X+{M

JE=Je {K=1 ) ny

ABLJT ) = ABLJI) '+ A(IK)®RBLKI)

CINTINUE
RETURN
END
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SUBROUTINE PRODY (A, ByXseNeH)} ;
C COMPUTE THE PRODUCT A.B OF TWD N=N AND N%M MATRICES
c STIRED COLUMNWISE AND STIRE IT IN B
DIMENSION A{1),B41},%x{1}) .
DD 1 I=1l.M
M= (=1 )%M
B0 2 J=1l.N
X( 4220,
DO 2 K=14M
Ki =K+ 18
JK=Je(K-TbEN
2 X{2¥=X0S) R0 IKDOCREKT Y -
DO 1 K=1sN
Ki=K+IM
1 BLKII=X{K)
RETURN
END
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SUBROSUTINE STRAMENBE NRyISeROBLIDWHERSEMsES+EC+EK)
COMMON/WORK/HLE2D) ,H2420) 434208, {4000, C{(400)
COMMON/BLADE /BELE 20) +BER{ 200 +BECH{20) +BETML20) 4BEKE20D o ;
1 A{2D0),.8(20)" ,
DIMENSION ESIHBE,Bi'EMiNBEoSigEC(NBEaBloEKtNBE.SleHE(liaRS(lig ;
1 sLIDI%) |
600 FORMAT{/1X4A49%3* ELEMENTS's3Xy *LF="? .IPEIO.B.BX.'BB-',ELO.B) ;
700 FIAMAT(YIBLADE IDENTIFICATION 'v%A&;ZK.'NBE*'.I3.3X.' F='.lPE10.3.
1* BB=9,E10.371° BERY,6Xe TEL1 034 )
701 FORMAT{® EC? 47X, LP3EL10,3)
702 FORMAT(® EK9, TXy1P5E1043) .
703 FIRMAT(* EV°,T7Xy 1P3ELDe3)
7064 FORMAT{' ES'7X+1P3ELD.3)
NBE1 = NBE-1
NBE2 = NBE=-2
EMI{1.18% = BECMIL)/%.
BEL(NBE+1) = 1.
Ult) = 1./BELI1}

C . o :
C RADIAL DISTANGES FROM THE BLAODE ELEMENT CENTERS ARE STGRED IN ¥l
c ‘ ,

Wi{l) = BEL{1)}/2. + RO

IF{NBE.EQ.1) GD 1O 1203
1202 DO 202 1=2,NBE
' Wi{l) = BER(I-1) + BEL{(I}/2.
202 UGT) = 1,/78EL(I) ¢ 1./BEL{I~1)

COMPUTE A.B AND C. (STORE THE MIXRI IN W2: AND W3)

oDy

WI{NBE+1)=0.
1203 DO 203 I=1.NBE .
W21} BETM{ T)*BER(I}
Wi () BECM{TI*W1 (1]}
ACIY = wW2{I) + W3{(I) /2.
203 WL{E) = BEKC I¥»U{1}

MO0

W1 CONTAINS NOW FHE PRODUCTS BEK®U
W1{NBE+1) = O.
CINBE) = 0s
© IF(NBE.EQel) GO TD 1206
1204 DC 204 I=2,NBE
K=NSE-I+2
204 CIL=1) = CLK) + W2(K) + W3(K}"
c :
C COMPUTE . EM = - MASS MATRIX
c EC = CENTRIFICAL MATREX
c EK = " RIGIDITY MATRIX.
c | , :

1205 D2 205 1 = 24,NBE
ES{I~141) = 1o/ ¢BELLI)*BEL{I-1)]}
EStI-1.,2) = -ULI)/BELLTY
ES{I=1+3) = 1a/BEL(1)%%2

EK{I,1) = BEK{(E)*ES{I~-1,1) -
ECIT+2) = ~(WILII+W LR+ /BELED)
: EC(T4+1) = ~{ALT)®CLTD}/BELLTY
205 EM{L.1) = BECMLI) /3e
C FREE HINGE

ES(L+1) = Os .
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DO 226 I=1.KBEL
ELy1+3) = ECeTIeleld .
EM{1.,3) = EM{TI+l,1}
226 EK{1.%) = EK{I¢l,2)"
IFINBELLT. 3} G0 TO . 208
00 207 Isl.WNBE2 '
207 EKET +5) = EKLE¢2 o1}
208 CONTINUE
1206 DO 206 I=1.NBE
T BT =310l f2e ‘ 7
EK{I+30 = BEK( I} /BELEE}2t2 + HICIoL}®ULi+1) + BEK{I+2}%ES(I,3)
EC{ie2) = CLIDRILIHLY + ALT}/BEL{I) -~ BLIN/BEL{I®L])
206 EM{T1:2) = EMI{Io1) ¢ EMIL.3} ¢ BETMIE)

c COMPUTE T3ITAL CENMTRIFUZAL EFFECTY
c
N CF = C41) ¢ BECMIL)G(RERIL)=BELLL)/2.7 ¢ BETM(1)%BER{L)
o o
- I1 =1
ARG = RO
R104 = SO00%BER(NBE D
C COMPUTE THE ELASTICITY MATRIX ES.
C L0000%({ SIGMA /E} = ES¥{Z/BRAD)
c

1222 DO 222 1=1.NBE
CALL IPOLY{HE+RS:VAL ;ARGsNRyIL+12}
VAL = VAL®R104
EStT«1d ES{1.1)%sAL
EST{142) ES{I42)%VAL
ES(1,3) ES{1,3 %V AL N
ARG = BER{I)
222 11 = 12
C COMPUTE AXIAL FORCE COEFFICIENT DUE TO BLADE BENDING=BB
BR=BEK{2}/BEL{1]}

"

IF{IS«EQeD) RETURN"
WRITE{6,+600) BLID,NBE.CF.BB

c PUNCH THE RESWLTS
2223 DO 223 K=6.1S
IF{K.EQas &} G0 10 7701 ' ; :
. WRITE{XK.700) BLIDJNBE, LFy BB,RO,IBER{T },T=14NBE)
7701 WRITEIK T (AECILI+J) vJ=1+3)}41=]1 NBE)

WRITE(K,T02) ({EK{isJdYed=1,5)s1=1,NBE)}
WRITE(K.T703) ((EM{I,d)ed=1,3)4I=1,NBE}

223 WRITE(KT704) {{ES(I,4):0=143),1=1,NBE)}
REYURN _ !
END : o



AVSOLong

LT=2N

O.9d5RCOMPUTED STRESSES FOURIER COEFFICIENTS

6 1 heclobars

G -

' :
G, + G cosV &+ Gysian¥ + G, cos2V¥ + 6, sin2¥ +.. .

@

@

®

O,

®

©

@

®

v

Tl

ANVY0d

Jr379r |[SNOIAVHYID

.Simq[’a- Carr'd.s.- , , ,

ni;rzw zmd:;g G, G, G, C-S‘2 G'e 6—3 6"3 G4 G,
11 39.03 4,8 0.9l | co% | 0.29 | 025 | 0.22 | -0.21 |-0.006 | 0.116
12 2.04 5,12 0.9 039 |-0.04 | 0.14 2.1 |~a28 |-0.03 |-0.004
13 7.05 4.8 n.06 | 028 |-038 |_0.05 |+0.06 | -0.35 |.0.04 |-0.11
14 ?.06 4.45 | pgs |—014 |-068 | 0.21 2.7 |-~0.32 |-0.2 003
15 12,10 4.6 076 | 05%¥ | 006 | 009 | 0.07 |-0.25 |-0.0l | 0.02
16 12.11 4.6 1.04 | €08 | 036 |-0.2 0.7 |.035 | 0.1 0.2
17 12.12 4.8 | pgo |-024 | 0.3 1.0.56 |-0.1T |-045 | 038 | 0.03
18 1213 4.8 0.75 | -a36 | 0.30 |_0.81 |-0.15 |_0.5 0.46 |.0.02
19 14, 10 sp2 | 0.74 0.65 |-004 | O o011 |_p2 g.04 | d.006
20 | 14.11 5.06 | 06 | 0.12 |-0.09 |_037 [ 0.25 |.04 | 0.73 |-0.14 g1
21 1412 s02 | 033 | 013 |.046 |_ 082 [+0.37 |-032 | 024 |.¢.29 ® | >
22 114 13 512 021 | o001 |.0.33 [-1.34 | 072 |-0.68 | 037 |-027 '
23 | 16,08 4.8 | 037| 082 |_0.72 | 0.08 | 0.04 |- 027 | 004 |-0.02 (.
24 | 76 09 471 | poda| 076 | 029 | 0.11 1-008 |-0.14 |_00¥ |.0.42 £y
25 | 16.10 462 | ptel 0.63 | 072 |0.05 |-o02 0.04 |-017 [-0.24 L

_’——[




SAYBOLONG

| NGA

0.45 R MEF)JL/.‘?ED STRESSES FOUR/IER COEFFIC/IENTS

G /1 haclobars

’ !
C= G, + G, cos¥ + &y sin¥ + G, cos 2¥ + G sin 2 ...

@

®

@

®

©

@

®

9

(2

)

ANVYOd
SNOIAVYID

N
7 ’ ’ ' %
RUH. PT] G, Gy G, G, 6, 6, Gq G, G4 N
N
9.03 x.93 1.64 | 0.025 | 0.1F3 | 0.497 | 238 |-o05eF| 127 | 0.647
9.04 8.25 1.96 | 0.389 |-0.225 | 0.224 | 2.40 |-0.775 |-1.7% | 0385
2. 05 .97 | 137 [ 0238 |-0.54F| 00866 | 2.24 |-106 |-1.36 | 0.468
9. 06 259 | 1.28 |-0198 |-0722|-0.1125 | 233 |- 142 |- 106 | 0.595
72.10 .77 | 134 |0 670 |-0.0219] 0.196 | 2.68 |. 0.084|-1.8 0255
12.11 7.65 156 | 0.213 | 0.396 |-0.116¢ | 292 |-0.323|-305. |_0.660
12.12 7.51 | 147 l-0.419 | 0426 |-0.429 | 71.87 |.2.82 |-2.12 | 0,928
12.13 7.5 126 |-0.536 | 0.350 |.0.775 | 1.24 |- 3.87 |-2.37 14
14.70 a.11 1215 | 0888 |-0333 | 00897 | 2.97 |-022¢ |-2.17 |.0.165
14. 11 7.03 | 126 (0008 |-0.168 |_02589 | 2.69 |-222 |-119 | 2./8 g | ¥
14. 12 775 | 1. o2y |-0.9M|_0.631 | 304 | 492 |_ 085 305 T’g -
14.13 7274 | 0798 |-0005 |-0.807|_1.01 |3.75 . 591 |~-105 3.0 o
6. 08 7.8¢ | 128 [0.558 |07/ | 0435 | 1.0¢ |-1.7/ |. 0566 | 2.15 o2
16.09 7.83 | 0911 | 0.924 |0.0515 | 0.260 | 0.923 |- 0.006 |- 0797 | 0.547 {EAES
16.10 7.73 | 0852 0.841 |0.556 | 0.115 | 0.718 |- 0.777 |- 0.633 | 0.823 :

—
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oo it R=-6.000F 00 RO= 3A50E=01-
:NUMBER UF BLADE DATA POINTS

MBLADE STRUCTURAL DATA-
_EUEMENTY -

:ﬁf;uB.150E~01;L'6.5005z02
1,0C0E_00.__ 645006=02

5 000E Ob - 59000E=06 - . simaion
L ) 5.000E.01L . _5-000E-06_ i
“ T 1.500E 00 6a500E=02 - 5,000 01 .. 5.000E-06"
_3.0C0E..00. _6,500E=02__ 5.000E 0. 5.000&-06 .
o _4.000E.00. .. 6.500E=02 - 5.000F 0L o Fe000E=06 - -
. Sa cooE_oo?,_arsons,qz_ifs ooos,011uks 000E-06. .
' 6. 0COE 00 6.500E-02 .7 5,000 Ol . 5.00086~06-

TS voaoe oo wetaed P TN T T T
____YOTAL MASS  2.842f 02 KILOGRAMMES .
-AVERAGED SECTIONAL INERTIA . .. 5.000E~ 06 METRES**4 R,

UNIFORM BLADE FREQUENCY 6.739E 01 RAD/SEC . .

'
- . -y -




__Ezﬁhm_w._mi 357'/‘{ __output R, b

T3.158E-01___6. 308E-01__“0 0. ﬁ_ﬁ;M1‘053E 01 . 5.264E.00
T 3. 15BE=01 - 9.467E~0L - 3 166E 06 . 1.053E_ 01 - 5.264E-00-

_1,262€ 00, 3. 166E_06___1.053E_01. __;if_;gge 00.
YL BABE 00 m3.166F 06 1.053E- 01 - 55264E6=00"

B let _ 0t ;a 166FE 06 ... 1.053E.01 .. 5.264E 00,
S 3.158E=01: 5222 10E 0052 35166E: 06:::21a063E 0144 532 64E-.00=
. 3.1B5BE=01 2.526E 00 __3.166E 06 _ 1.053E 01 . _5.264E 00
U 3,158E=01. 7 2.842E. 00 - 3.166F 06 - 1.053E_ 0l . 5.2646:00
. 3.158E=01 . 3.157E.00___3.166E 06 ... 1,053E 0l.._.5.264E._00.
 3.15B6-01  3,473E 0O ~33.166E106.mm1 083E 0l-.7:5.264E-00"
L .3.158E=01, _3.789F_00 . . 3.166F 06 .. 1.053E Q1. _.5,264E 00
3.158E~01  4.105E 00.. 3.166F.06. - 1.053F 01l--.5,264E-00-
3.158F-01  4.421F 00  3.166F 06. . 1.053E 01 . 5.264F. .00
3.15B8E=01 - 44737 00 _ 3.166F 06 - 1.,053FE .01 = 5.264E . 0C-
3,15%8E~01 5.082F Q0. 3.166F 06 .. 1.053F 0l . 5.264E Q0.
3.158E-01 S.368E 00 3.166F 06 1.053E 01 . 5.264E.00.
3.158E-01 5.684E 00  3.166F 06 1.0D53E 01  5.264E CC
3. 158E~01 6.000F 00 3.166E 06 1.053E Q1 2.632E CQ

CRPROGRAM OPTICN# NG PRINT - === 707 s
®PROGRAM OPTION* EIGEN MODES OF THE BLADE.




FSONANCE FREQUENCY OF UNTFORM BLADE.LFUBL:

L le48 ..

0 1‘ T 7‘:7 Friia
CE 1077

~ _8.645FE O1_
1. 4.576E.03.. .
2 .. 4.T780E .04
.37 2,€81E. 05, ..
... . BENDING & __6.C82FE 05 _
" ._BENDING 5 . 1l.415EF 06
6
7
8
Q

. 9

= B Y1 6.7
e 1280020 1L.57
- Ll 189.32 0 0 T 117465
_.268.LL .. . .25.00 .
. 360429 . :io 33059
_465.42 43,40
C.BB2,78 . . 54,34 o -
. 711‘ Og 66.33 e LIS
© B48.18 S 79,08 TR T
. 990.63 O 92.37 . . ..
L o.-1133.29 CL U 105.6T7 ST
. l26Bear _ .. 118.32 ___ . _
 1388.68 T129,48.° 07 o -
1482.74 , 138.25 .
L 1542.73 . 143.84 ...

CO0OQUOLOLOOURORODOCH

... .. _BENDING .2.838E 0
2. - BENDING 5.125€ 06
._.. BENDING B.552F 06
T U BENDING 1l.341F 07
 BENDING 10 1.996F 07

_ BENDING 11 2. 84CE 07

- BENDING 12 3,874 Q7

- 'BENDING 13 5.C70FE Q7
__BENDING 14 £.357€ 07
BENDING 15  7.€13E Q7
SENDING 16 R.ET79E 07

" RENNING 17 a,3$6E Q7

e R e R R e N - ==

4 4 & 8 b ® 3 B 4

£PROGRAM OPTICN® FICEN MODES OF THE BLADE . ... .




=% ROTOR. EREQUENCY.

X ESONANCE “FREGU Emv_*dé;uul EORM BLADE _[FUR}= 10272 CRS-.
 MODE ,WT,;;fEiéﬁﬁygiﬁﬁﬁ
S L ARADZS) wxD

“TRENDING.
BENDING

... BENDING
LS. Z BENDING
_ BENDING
ZJVBENDING
__BENDING
" BENDING
BENDING
BENNING
 BENDING
‘BENDING
 BENDING
BENDING
BENDING
" BENDING

%PROGRAM OPTICN*

| #PROGRAM OPTION%®

TELAPRING 0 :m

S HENDING.

“ 5.30 CPS T

1. 26OE

1.220E.
.. 6eS34E_04
. 2.521E

€. 841E
1.533E
3. CC9E
5.3€2E

B.870OE

1.382E
2+ C49E
2.506E
3.5855¢E
5.167E
Ga4ESE
Te 13SE
R.817E
S.563F

,L'; REAL
ol,f
04 . -

05 - .
05 _

06
06

Q6 .
06 .

07
07
a7
07

o7

a7
o7
07
0v

CONTIMUE

END OF THE CCMPUTATIONS

T ROTORCRPM 3

T BUADE .EIGENMONES AT OMEGA .= 33.30. FOR. 18 .ELEMEMTS. .

S318.0. .

CCOCO00OCOOCDOODODOO

s o

’ ' ; ;!|i
DOODOODOOCOODOOBOD | !
[ T ] o

¢« a b 4 3 0 § & 8 4 4 @

368.54

473,99
591 .74

T20.44
857 .98

1000.89
" 1144.00

1280,.08

“1400.12
1494446
. 1555.58

99,92 LT

. 131.64 .

197,05
276409 .

106.67 .. .
119.36
- 130.55 -
139.34
145. 04
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RUN 6.C2

CCMFARISCN BETWEEN CCMPULTED STRESSES(#)(FRCP EMC SIFULLATICAS)
STRESSES AT .45%R

0.C
PS1 1
¢ -1

ac ---1

60 ===1

0 -~=1

33¢ -==1

CCPPUTEL STRESSES ARE CIVIDED BY THEIR MEAN VALUE=
MEASUREDC STRESSES ARE CIVIDECD BY THEIR FEAN VALLE=

C.7C1E LC : Q0.140E C1

-‘_‘-M-P"ﬂn—-—--—&ﬂ-‘ﬂl;ﬂ—-’—m—-——-‘-—‘_‘*--‘D-l

I L2 |
1 + * i

_n———ﬂqao--—--m—-——————l—-p;-}-qn——w‘?——-—o?--—-l

T ¥ L

. D — A T T VID T Sy - .

}
§
I
4
I
'
]
8
i
i
]
{
E
1
i
i
i
i
1
i
1

*q—‘—*—to-----——--——‘a‘&l

|
¥
'

———— — -

e + ——

- — v W e i TR S-S SO S S A v v

- - T A o il ol sk wbr W W --—‘q—ﬂ““-‘-‘---*-“—ﬂi

. * 4 |
» 1

.—““‘ﬂ----—-‘—.-,'”-—l—+—‘-*---~-‘-m’q‘-—-ﬁ“-l

-

by iy pumy powd bt g et el pum) b Seed bl bl pey g Ry g
4
-

- - - P B T T adeadhudaade ot |

- —— - - ——

1 * ¢+ 1

4.7S0HECTCB2RS
- T«93CHECTICERRS

CCHPUTED

C.130t"
C.130€

0.128E

€ 123E

0.117€
0.111F
0.106E
C.103€
0.101E
C.10CE
C.985E
€.557E
C.S13E

- CaBBIE

C.8C3E
G.766C
C.T756E
C.117E
C.B24E
C.E81E
9.9345
C.SEIE
C.914E

C.?BEE*

C.S2EE
C.8917¢

O.B?GE'

C.872¢
C.E891E

" Ce%Z1E

C.911E
C.104¢
C.110E
C.118E

- 0a122E

C.127E

c1
01
¢l
c1
¢1
C1
Ccl

L5

€1
5]
¢0o
¢o

co

Co
GO
0
£o
e
co
Co
¢C
co
€0
¢o
L] v
€O
€0
£o
L¢] 4]
CC
¢
c1
£l
01
L 4 ]
c1

AND MEASUREL STRESSES (4)(MARCH 71 TESTS)

MEASURED

C.137E
C.140E
0.129€
0.132€
C.116E
0.1C2E
0.&SSE
C.166E
0.717€
0. ES3E
0.107€
0.122€

- CeleBE:

0.121E
CL.GC1E
C.718BE
Ql.4E4E

'0.326&

0.355E
0.543€E
0.82%€
O«111E
0.130F
0.« 134E
0.125E
0.1C7E
C.875€

C.783EF
C.708E"

0.7¢7€E
0.88SE
0.102€
0.113¢
0.122€
C.127€
01326

cl
Ccl
Gl
01

@Eod

SHOTAVYTD. -

: adeq

2 H40ZTBT * 7OOT

f‘

#lod |

-
-

baz



AWK S.C4 e
COFFARTISON EETWEEN CCMPLTECD ‘IRE‘SE‘('lIFR(? EFC SIMULATICAS) lht NEASUREL STRESSES(4)({MARCH 71 TESYS)
STRESSES AT J4%2R

£.c ' C.6¢1E CC U T To 1386 0y 0 T T T - '
PS1 i 1 1 CGRPUTED REASURED
¢ ---1 - - D T | C.118E €1  G.122F ¢}
-1 1 4 I C.117E ¢}  ©.123E ©1
-1 | R 1 C.116E €I C.1z%E C1
3¢  —=e] ek S B e S S Amm e | C.116F CG1  Go124E 01
-~ 1 34 1 ' 0.116E €1  0.118E O1L
-1 R 1 + i C.116€ €1 C.iC7€ C1
€C =—==] ecmcecemmmmm—cc—cacmeen]rmrrre e e e ] Coll&E €1 -~ Go.S44E GO
-1 1 * % o | C.114F €1 0.8%5E GG
~1 1§ + * 1 C.21%5E C1 0.8%2F €O
G0 —e=] cemmme—mmccmaa——— B T S Fomm e e -1 Ce113F Gl  Co.SELIE €O
-1 | TS i 0.10SE €3 C.112€ Ol
120 —w=] mmemm—mm e e —— c——————— e ——— frmmm e} C.S79E €0  C.138E 01
-3 1 * + ] C.S14E (€ 0.133E Cl
-1 1 ) + 1 . CeE%4E (G C<112€ C1
160 2 wm=] —e——m—m————— e free e e m e ——————— i C.EQTE CC  C.ECTE 0C
-1 + | S ) 1 C.7ECE €O O0.5€1E CC
-1 + 1 @ , & | C.T75E (€&  C.3(sE CC
18¢ ~==] =mm—mmmmeegu———ecvsawacm= [mmr e e ccmc s -——1 C.7S2E CCG OG.zEBF GG
- + 1 3 1 C.t2zE €O C.46CE GO
. -1 T+ = 1 C.856FE CC 0.756E CC
731 T SR D PEETES FEEEEEY RS 1 C.EEBE CC C.1CBE C1
“! I : L. - + l C-SU&E CG GGIEOE Gl
-1 1 ] ¢} C.SCSE €C  0.137€ C1
240 —==] e=w————- cm—rm————————— R R —————— toun] C.8G8E G G.1Z7E C1
-1 g * + 1 C.E82E CC 0.1C% 01
-1 1 e ' C.E6SE CC C.E26E €O
210  —mm] ——ee—seemem—————e—e e T e T TSR PP | C.ETIE CC  C.E6%E &C
. -1 +1 % 1 C.891E CO  O0.¢28E CC
-1 14 * 1 C.S2CE €C C.1:SE CC
0 ~---1 - . ——————— T 1 C.S8SE CC C.ES6E OC
-1 ' 1 e 1 €.104E €1  0.1CIE Gi
-1 1 _ o+ 1 C.1106 €1 C.120E €}
33¢ ———] =——ecccccccscarmsemmen=[ererer et e e ep o] C.115E €1 C.125€ ¢l
-1 1 3 e 1 C.117€ €1  C.12%¢ ©1

-1 1 * 4 1 C.118¢t: C1 G.lz3t Ol

" COMFUTEC STRESSES ARE CIVIDEC 8Y THEIR FEAN VALUE= S.114HECTUBARS

RESSUREL STRESSES ARE DIVIDED BY THEIR MEAMN VALUE= B.25CHECTOBAFRS

IXvEoa
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" afed
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t g~ 0 L02-HQ

St

4mm



RUN 6G.CS
COPFARISCN BETWEEN CCMPLT
STRESSES AT .45*R

€0 STRESSES(FY{FRCHF EMC STPMULATICNS) AND MEASUREL STRESSESU4)(HMARCH 71 TEEITS)

C.C {.6C2E (( , 0.138f 01

PSi 1 1 1
0 -] m—— e - Pmmmpme——==]
| 1 4 * 1

-1 1 * + I

e el | - - ———— e ———— e L et |
-1 : H L 1

-1 i + L |

£C =] wmm————— —————— —— J-=»r=— e it LR |
-1 A i + * I

-1 H + * 1

SC wra] mrmeesmee—————————— = | e et e mm e 1
-1 1 L

-1 1 % 41

140 -] e e el e i jrem——————— P - - +
-1 . | | L ] 4+ 1

-1 i * + 1

15C i | JESpEEEIERS § Y PEEEEES S84 e aahnd
~1 + I # i

-1 + o 1% i

180 —==] smcoemccssfmevmmcenmon~ R it D e LT LR |
-1 + I = 1

-1 i * |

z21C ———] m———————— e e e . w[ovmm - — o mam—— e |
-1 1 % + 1

-1 i * + 1

24C -1 e mr—a— e —————————— e — e e e mm s e ag e ]
-] * + 1

-1 1 ‘ + * 1

271C i | e et St et el
-1 1+ * 1

. -} 1 % » 1
ace ——— emm——————— - o e o [ e rommprraomn - 1
-1 1 8 |

o | 1 ¥+ ¥

3¢ ——w] emmece=— o o ——— | R it mefmpmmre]
| i * 4 1

-3 . 1 % . + ]l

CONPUTELD STRESSES ARE CIV

IDED Y THEIR FEAM VALUE= A.804KECTCBAES

MEASUREC STRESSES ARE DIVIDEC BY THEIR PMEAN VALLUE= TSTCHECTCEARS

CCMPUTED

C.110€
C.1CeE
C.104E

'0.1055

C.1CEE
0¢1135
Ca118E

0.122E
C.1eCE
0.11%€
C.1CEE

‘Cel01E
‘0052&&

C.E85CE

'G.??ﬁE

0. T49E

CTE4E

C.TZ1E
GQ?QIE

C.TT%E-

CoE26E
C.873E
C.SCSE
0.925E
C.93SE
C.92¢E
C.S41E

C.S&2E"

C¢.10CE

0.1C2¢E

0.112E

- Ce 11T
C.115€

C.118¢
C.118E

o1
¢l
¢l
c1
€1
c1
€1
C1
1
c1
c1
16l
Ci
- €C
€o
cc
0¢
0¢
0o
c0
ce
c0
6o
C
ce

‘€l
1

HEASURED

C.lz1E
C.120E

"Cel1EBE

C.114E
C.1C7E
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