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SUMNARY

An existing computer program, used for predicting the natural frequencies
and mode shapes of helicopter rotor bladkes, has been refined to improve program
accuracy and versatility. tThe program is based on the Holser-Myklestad approach
adapted for yotating beams. Coupled vertical (out-of-plane), hoaizontal (in-
plane), and tarasional mode characteristica can be determined for a vaviety of hub
and blade configurationa of practical interest. The resulting program ia docu-
mented by presenting the recuraion equations and techniques for determinimg
natural frequencies and mode shapes, input data requirements and deacriptions
of various program outputa. The accuracy of the program ia demoastrated by com-
pasing computed results with exact sclutions to classical problems and expet i-
mental data.

INTRODICTION

the calcoulation of undamped natural fregquencies and mode shapes Of ot
blades is an important first step in analysing the dynamic twhavior of helicopter
Fotcn systems. An exiating analysis and computer program fou datermining blade
mnvdes and frequenvies, which has been used by both government and industiy foe
a number of years, is described in reterence Y. This program also pruwvides data
on punched cavds for input to the flight simulation program described in refei-
ences 2 and 3. It is based on the Holzer-Myklestad approach adapted faw rotat-
ing beams and represents the helicopter blade by a lumped-mass system which
includes effects of yotatry inestia, blade geometiic piteh, and inettiral and
elastic coupling among the five dediees of freedom at each wass station (radal
motion ia not included).  Shear detormation, aevcdynamiv etfects, and the buile-
in contng  (precone) are not represented.  Oiscrete spanwise variatinis of blade
properties and varivus hub configuations are poadeled in the program. A unitgue
featute of the program of reference 1 13 the ability to include the eltects ot
suppoi t o system impedance an the blade natural firequencies amt mode shapes.  The
capability to represent both a varirety of hub contigutations and suppuut system
ettects ave features not Jgeterally tound th other compiiterl progtams of this
type.

Bevause ot the program's univueness, the present authors have made consid-
erable use of 1t.  Hhowever, experience has udentified a numbel of etlors amd
limitat tona in the computer program Inoanticipat ion of futule need v thae
mndal analysis progiam and possible tutther expansion of ats cagabilities, the
analysis has been tmprioved and all known sttors 1in the pregran have been vot-
tected.  Matot changes to the computational procedite invelved a ditfetent tteva-
tion scheme to Jetermine natural fregquencies amd a digtetent technujue o cowe
put iy mxsde shapes.  Othetr changes to the progtam wete made to teduce the =ice
of the soutve program aid cote tequitements deeded tor execution, inciesase tun
time etficiency, and expaint program capabiltties by 1ncteasing the allowed num-
bets of masa stat iong and totur vatat ional speeds. The tecutsion egquat tons,



relating the state vectors at adjacent stations, were changed in the new program
version and are substantiated by the work described in reference d.

The resulting analysis is extensively different from the original version
and has s.gnificant improvements in program size, efficiency, and versatility.
The purpose of this report is to discuss the equations and techniques used,
describe the final program, and present a program source listing. The accuracy
of the program is demonstrated by correlating predicted 1esulte with exact solu-
tions far classical problems and with experimental data.

SYMBOLS

Values in text are given in U.8., Customary Units and Sl units. The calcu-
lations were made in U.S. Customary Units. The computer program values and
related material are given in U.S. Customary Units. C(onversion factors for
these units in the computer output are given in appendix A.

a,b,c distances along A-, B-, and C-axes

B blade section constant, in® (cm6)

D horizontal force perpendicular to Z-axis, lb (N)

E Young's mxdulus of elasticity, b in® (N-m<)

ElX blade structural stiffness in bending, 1b-in (N-m?)

F centrifugal force, 1b (N)

Fy in~plane force due to centrifugal force acting through a center of

gravity horizontally offset trom pitch axis, 1b (N)

Fy in-plane moment due to centrifugal force acting thiough a center of
gravity horizontally ottset from pitch axis, in-1b (N-m)

Fy out-of-plane moment due to centrifugal force acting thiough a centex
of gravity vertically oftset fiom pitch axis, in-ib (N-m)
G blade structural stittneas in torsion, 1b-in< (N—mz)
. N il Al
3 acceleration due to gravity, in secs (m sec*)
1 segment second mass mument of inertia relative to piteh axis with

N . . + N “y Al
rotary itnertia ettects included, in-1b-gpc- (m-N-sece)

1 cross-sectional second mass moment of tnettia telative to center of
R ) -
gravity, lbh-gec+s (N-sece)

JHUB number Ot nontfeather ing hub segments

Ko blade pitch control uystem stittness, in-1b tad (N-m tad)
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hbd in=plane tranalational stiffneas per blade, 1b/in (N/m)

hud ocut-of-plare translational stiffneas per blade, lb/in (Nw)
rotor shaft torsional atiffness, in-lb/rad (N-m/rad)

blade flapping or rotor tectering spring rate, in-lb/rad (N-w/rad)
blade lagging apring rate, in=1db/rad (N-m/rad)

segment maas radius of gyration, in. (m)

vertical force perpendicular to 2-axis, 1b (N)

out-of-plane bending moment, in-1b (N-m)

hub in-plane translational inertia per blade, lb-sec2/in. (N-seci/m)
hub out-of-plane translational inertia per blade, lb-sec?/in. (N-sec/m)
segrent mass, lb-sec?/in, (N-seci/m)

number of zero frequency modes

in-plane bending moment, in-1b (N-m)

rotwr radiug, in. (w)

center-of-gravity offset from blade pitch axis, in. (m)

shear center offset from blade pitch axis, in. (w)

torsjional moment, in-1db (N-m)

torsional inertia term cepresenting ventrifugal stiffening, in-1b-sec?
(N-n--sec?)

blade tip weight, 1b (N)

blade segwent weight per unit length, 1lb/in. (N/m)

X, Y, 2, A,8,¢C courdinate axes (see fig. 1)

X,Y.%

-

2

diatances along X-, Y-, and %-axes

blade segment lemgth, in. (m)

radical distance tuo end of blade segment, in. (m)
elagtic bending rotation in vertical {(YE) plane, rad

determinant of boundary condition coefficient matiix



elastic deflection in x~dirvection (see fig., 1), in. (m)

elastic deflection in y-direction (see fig. 1), in. (m)

S & WP

geometric piteh angle between blade principal structural axis and
horizontal (X3) plane at a aegment end, deg

8 georetric pitch angle between blade principal structural axis and
horizontal (X1) plane at a segment mid-point, deg

8 rate of change of geometric pitch angle with span at a segment mid-
point, rad/in. (rad/w)

0o blade root collective pitch angle, deg

0, blade linear twist, deg

A auxiliary function associated with A

¢ elastic toraional rotation in vertical (XY) plane, rad

L elastic bending rotation in horizontal (X2) plane, rad

Q rotor angular velocity, rad/sec

w blade natural frequency, rad/sec (cpm in tables)

Subscripts:

ab,c rotating coordinate system fixed to local structural axes at each

station after detormation

"3'1'N:} blade station number
or N +1

X, Y. 2 rotating coordinate (reference) system fixed to hubd

NETHOD OF ANALYSIS

The method of analygias considers the rotor dlade as a dixcretized system
of finite elements with each element representing a segment of the blade., The
user-specitied input data pertaina to discretized atructural properties which
are average values over each seqment. The data are referenced to the local seg-
ment axis zystem and to either the sregment center of gravity (inertial proper-
ties) or pitch axis (elastic properties)., Since the pitch axis is the reference
axis in the analysis, the inertial properties are transferted to the pitch axis,
All properties are then rotated into a hub-fixed axiz rystem oriented s0 that
the vertical axis {a parallel with the axis of rotation. Details of the data
conversion are presented in appendix B. Figure 1 {llustrates the local segment-
fixed axis svatem (A,B,C) and the hub-tixed axis mystem (X,Y,?) with =ign conven-
tions, The ith segment ia shown in figure ! having a width ij and an inboard
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station 3y a8 measured from the center of rotation. PFigure 2 illustrates the
shear center and center-of-gravity offsets from the pitch axis in the (A,B,C)
and (X,Y,3) systems and the sign conventions. The positive directions for ryp,
fce and ry are opposite to the B-, C-, and X-axes, respectively.

The blade segments are converted to a finite-element representation with
all the inertia lumped at the inboaxd end and a stiffness element extending over
the segment length. By using the aign conventions for the displacements, forces,
and moments shown in figure 3, using the free-body diagrams of figure 4, assum-
ing harmonic motion, and requiring force and moment equilibrium and continuity
of displacements across the lumped masses, the following recursion equations
result:

i
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Dy = Dy + w2 + Q2 [(mry) j"j + “‘jsx,j] (n
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Ty o Tyer ¢ (R 08,5 = & gen) ¢ (RIgg, g ¢ Rirgy, oy
+ [(m2 + @ (“y)j] 8,y ¢ [w’(ux) j.]ﬁy.j (10)

where the coefficients in these equations are defined in appendix B.

Bquations (1) to (10) are in general agreement with the equations of ref-
erence (4), which presents a detailed development of these recursion formulas.
There are two significant differences, however, between the equations in this
report and the final equations of reference 4. The equations given in this
report are based on the assumption that cross-szectional principal structural
stiffness and mass axes are parallel. Therefore, the termz in the equatione of
reference 4 that arise by assuming they are not parallel are omitte? in eoua-
tions (1) to (10), Secondly, the term Fik§ § in equation (1) is not recained
in reference d.

Bquationa (1) to (10) are used to calculate deflections, slopes, forces,
and momenta at the inboard end of each segment because of the conditijons at the
outboard end of that segment. The calculation process begins by assuming a
unity value for one of the tip displacements and zero for all others. The cor-
responding tip forces and moments are not all szerc because a lumped mass is
allowed at that station (tip mass). Thus, for a unity value of the tip out-of-
plane slope, the forcez and moments are calculated from equations (6) to (10)
and yield

8“*‘ = | (Vla)
MyaY ® (02 + w?) ‘YYON*‘ {(11b)
OneY = w21xv,N§l (M)

where B, M, and Q represent the cut-of-plane slope and mament and in-plane
moment, respectively, with sign conventions shown in figme 3, All other foicex
and momentg at the tip are rero., By successively applyimg equationg (1) to {5)
to determine deflections and slopes at each mass astation and equationa (8) to
{10} to calculate the forces and moments actimg at the outboard end of the next
inboard elastic element, the conditiong all along the blade are determined for
specified valuer of coilective pitch angle and blade twist, rotar rotational
speed, and the aszzumed fiequency of vibration. This procedure is repeated for
the same vibratory freqQuency by individually assuming: unity values for the othex
tip displacements (Vyn,y, 6x.N+\o N+l and 5y.N¢1)'

To analyze a particular rotor blade, it is necessary to specify the geo-
metric and structural properties relating the manner in which the blade {s
mounted to the hub, The hud configuration and support syatem impedance charvac-
teristics are expressed as five boundary condition equations (n terms of the
displacement variables, forces, and moments at a pavticular station, To satisty
the presceribed boundary condition equation: with the conditionr calculated along
the blade by equatjons (1) to (10), the unknown « must take on only select val-
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ues. Thus, the eigenvalue problem is formed where the vibratory frequency lis
systematically varied, and the conditions along the blade are calculated far
each unity tip displacemert. These data are then used to see whether the bound-
ary conditions are satisfied.

In the analysis three basic sets of boundary condition equations are used
and the reaulting modal characteristics are designated as pertaining to collec-
tive, cyclic, or scissors type modes, depending upcn which set of boundary condi-
tions is imposed. The form of the boundary conditions for each mode type is
summarised in table I and the different spring and mass terms are shown in fig-
ure 5. Reference 5 presents a discusajon of these mode types and how they are
combined to describe rotor mode characteristics,

The collective mode is characterized by symmetric vertical or out-of-plane
and antisymmetric horizontal or in-plane deflections of opposing pairs of blades
on the rotor. The appropriate boundary conditions for the in~plane direction
are elewments 2 and 4 of the first column of table I and pertain to a spring-
restrained Ky pinned joint at the center of rotation. The first and third
elements give the conditions for a clamped joint attached to a movable hub,
where the hub impedance is represented by a single-degree-of-freedom mass-spring
system. These characteristics describe tbe boundary conditions for the out-of-
plane direction. The first four conditions of the first column are applied at
the center-line station. The torsional equation relates the twist and torque at
the pitch horn radial attachment point. The term K. represents the effective
spring rate of the control system.

The cyclic modes have symmetric in-plane and antisymmetric ocut-of-plane
deflection shapes about the center of rotation. The boundary conditions for
the cyclic modes are given in the second column of table 1. The first and third
elements of that column describe the flapping-spring-restrained Kg pinned con-
ditions in the out-of-plane direction. Elements 2 ard 4 are for the in-plane
ditection where the representation is a clamped joint fixed to a flexible hub
having lumped stiffness and mass charact- ristics described by Kjp and My,
respectively, The torsional boundary condition is the same for tﬁe cyclic and
collective modes.

For the scissors modes, the in-plane and ocut-of-plane boundary condi-
tions at the center line represent clamping of the blades to an immovable hub
(6 " S¢ 1y =By =) « 0), For a rotor having three or more hlades, the tor-
aional conéitinn is the same as for the collective and cyclic modes. For two~
bladed rotors, the torsional deflection is zero (clamped) at the pitch horn
attachment radial station. These conditions are shown in the third column of
table I. For the in-plane and ocut-of-plane directions, an alternate form of
the boundary conditions is used whenever it is desirable to represent offset
flapping and lagging hinges as in the case of an articulated rotor. (See the
fourth column of table 1.,) If the offset of the flapping hinge is not zero,
the zero slope condition is replaced by an equation relating the out-ot-plane
moment and slope at the hinge station using a flapping spring term Kq. Simi-
larly, for an offset laqaing hinge, the slope condition is changed to a mcdel
of a spring-restrained K; pinned joint at the lagging hinge radial station,



The values of deflection, slope, woment, and shear calculated at the ata-
tiona for which the boundary conditions apply and due to a value of unity for
one coordinate at the outboard tip can be substituted into t'~ left-hand side
of the boundary condition equations for a particular mode type. These equations
are then used to form one column of the boundary condition coefficient wmatrix.
By repeating the substitution of conditions associated with unity values ~i " -e
other tip coordinates, the complete coefficient matrix is generated. T: ..
terms may be thought of as partial derivatives of each boundary condit . equa-
tion with respect to an individual tip displacement. As an example, 1. a Hlade
having a pitch horn offset the coefficient matrix [c] for the scissors mode
would be (zee table I):

- N
%y, 3y, 3y, 3y, 3y ]
Beip N ip I, tip eip 3y, tip
AL 38y, 38,1 38y, 38,1
astip 3wtip aéx.tip 3¢tip a5y,tip
38, 38, 3B, 381 38,

(c] =] — - 02
astip awtip 35x.t1p 3¢tip 35y.tip
N Ay Ay 3y Ny
MBeip MNeip 3y, tip Meip 3y, tip
I(T = Ko®) (T - Ko (T = Kd) (T = Kd) AT - Ked)
3Btip Weip 3y, tip Meip My, tip

where the subscript 1 refers to the station at the center of rotation, The
form of the boundary condition coefficient matrix is dependent on the mode type
to be calculated. Because the boundary condition equations are homogeneous, the
following matrix equation can be formid to determine the tip deflections for
each mode:



rsup\ 0)

Veip 0
f°]<5x.tip>‘ \ © ’\ n3)
deip 0

\‘Sy'txpo \0}

For nontrivial values of tip deflection, the determinant of the coefficient
matrix must vanizh and yield a polynamial in terms of the squares of all natural
frequencies. In general, the variation of the determinant of the matrix with
frequency it such that only iteration techniques, where the frequency is incce
nented to find a crossover point, are reliable. Such frequency stepping tech-
niques, however, are inefficient. As shown in reference &, an auxiliary func-
cion can be generated which obviates the need for frequency stepping. The
auxiliary function has the desirable feature of monotonically decreaszing with
increazing frequency for frequencizs les: than the natural (reguency being
sought. (See fig. 6.) The tehavior of the auxiliary function {s due to the
removal of all roots of the determinant below that of interest and ailows
use of extrapolation techniques fuor convergence to each natural fregquensy e
auxiliary function is defined by the relation

5\(\\“
L R N U —— Ar}
‘e - . \: - \‘\l\\ ™ - \: Y
L 8\ WY )S\ WaT) e e e \\\ “i"

where the {th natural frequency iz desired, At the ith natural frequency, the
values of N\ and A are toth resos In the avwputer peogram the auxiliary func-
tion iz used to extrapunlate to the natural frequencies. Once the natural fre-
Quency is determined, that root is alzo removed trom the determinant before pro-
ceeding with the calculations for the frequency of the nexy mde, In practice,
the P zerc frequency tooig, which correspom! te the riqid-=bady modes, must also
be ramoved before thiz technique will wak propetly (a fact not mentioned in

ref, 6}, Thiz removal may bte acoowplished by noting the zlope of the auxiliary
function for values of freguency hear zere, If the magnitude of |\ increases
fgr increasing frequency, then \  is divided by successivle higher powetrs ot

«* at the trial point until convergence iz azzured, The P tactor ix main-
tained in tne denominator of the auxiliary function (eg. (1)) for all successive
moade calculations,

fSubstitution of the caleulated natuwral - quency inte the doundary oondi-
tion ocvefficient matiix leads to five hamoge @ oo eguationg in temms of the
five unknown digplacementa ao the cuttoatd tap (e (109, TV 2olve tot the
telative magnitudes of the tip deflections, an inverse itetation technique
(ref. 7)Y ir used, The {nvetse of the cvetficient matiin {8 uned to premultiply
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an initial trial vector. The resulting vector is used as the new trial vector
and is again premultiplied by the inverse matrix. Four iterations are performed,
each resulting vector being normalized by the largest element. The final vector
corresponds to the relative tip deflections for that mode. By using these val-
ues and the spanwise distributions of deflections, slopes, shcars, and moments
for each unit tip deflection, the mode shapes and associated shear and mament
distributions are calculated. The displacements are left in the X,Y,Z-axis
system. ‘The shears and moments are resolved back into the loca' segment axis
syatems, however, by using the twist and collective pitch angles,

DESCRIPTION OF (™MPUTER PLOGRAN
General Descriptiosn of Program

The analytical methods have been implemented as a digital computer pro-
gram coded in FORTRAN 1V language. The program is run on the Control Data
Corp. CYBER 175 computer system at the Langley Research Center, using an FIN
compiler and NOS 1.2 operating system. By comparing the new program with the
cne described in reference 1, the lengths of the source decks are 1222 and 2398
cards, compilation times are 3.6 and 6.6 CPU (Central processing unit) seconds,
and computer core requiwements in octal are 54000 and 112000, respectively. A
sample case with a 20-regment representation was run or hoth programs. The new
version required 25 CPU seconds for execution and the oid version required *7
CPU seconds. The new projram can calculate natural frequencies and mode shapes
for up to 30 blade segments (user specified in the new program), and up to 10
rotor speeds. All errors in the original program known to the authors have
been corrected in this program.

The computer program consists of a main program, called BLDANL, and eight
subroutines (ANPLTD, CARDS, COEF, INPT, PLOUT, START, SUMMY, and MODSHAP). A
listing of the computer program is given in appendix C. 1In «ddition, a library
subroutine, MATINV, is also required and is docuwmented in appendix D. The pro-
gram also uses a CalComp plotting packiage. A flow chart of the program is pre-
sented in figure 7. The various parts of the program are described in subse-
qQuent naragraphs.

Program BLDANL

The main program controls the computation of the blade natural frequencies
for all cambinations of collective pitch, rotor speed, and mode type. BLDANL
initially calls subroutine INPT to read the input data for each case and then
convert the input into the desired lumped-mass representation. The elastic and
inertial properties for each station are rotated from the local A,B,C-axis
aystem to the horizontal-vertical X,Y,Z-axis system. The program then c.mputes
the forces due to rotation at each station for each value of rotor speed.

The calculated characteristics in the X,Y,2-oxis system are input to
subroutine COBF which then returns the determinant of the boundary coefficient
matrix (eq, (12)) for each desired estimate of the natural frequency. In prac-
tice, the values of the determinant are used to extrapolate toward the point

n



where the determinant has a zero value. Once the program has converged on the
£first natural freguency, the process is continued for succeasively higher modes
until the specified upper frequency is axceeded. This procedure is followed
for each appropriate mode type: collective, cyclic, or scissocs,

After all desired natural frequencics have been determined, the associated
mode shapes may be calculated. A call to subroutine AMPLTD causes the mode
shapes to be calculated, printed out, plotted, or punched depending on the input
options selacted. Subroutine SUNMMY iz then called to print out a summary of all
calculated natural frequencies., Also, if requested, subroutine PLOUT is called
to plot the natural frequencies as a function of rotor rotational speed for each
collective pitch angle and mode type. The program then proceeds to the next
input case.

Subroutine AMPLTD

Subroutine AMPLTD is called by BLDANL to compute the mode shapes for the
previously determined natural frequencies. Subroutine QUEF is first called to
calculate the matrix of the root-boundary conditions for individual unit tip
displacements at the calculated natural frequency. The matrix is inverted by
using the library subroutine MATINV and an inverse metrix iteration scheme is
used to calculate the values of the deflections and slopes at the tip. From
the transformation terms computed in subroutine QOEF, the deflections, slopes,
moments, and shears at each station are calculated and listed. The part of the
generalized mass associated with each deflection or rotation cor- wnent is calcu-
lated and used to determine the principal deflection direction (.rat having the
largest generalized mass): vertical, horizontal, or torsion. The aumber of
node points of the mode shape in the principal direction is then determined.

If requested, the wmode shapes may be plotted or punched out through calls
to MODSHAP or CARDS. The generalized mass components are also printed., Finally,
a check of convergence for both natural frequency and mode shape is made b+
matrix multiplication of the boundary condition matrix and the matrix of tip
deflections and slopes. The reculting matrix, which should be a null matrix,
is printed out for each listed mode shape.

Subroutine CARDS

The subroutine CARDS is the only subroutine which produces punched output

for use as input data in the flight simulation program of references 2 and 3.
It is divided into three parts - the first punches the input inertia data, the
second punches the camponents of the mode shape, and the third punches the
cyclic detuning cards which are used te specify variations of natural frequency
with collective pitch and rotoxr speed. The first part, called by subroutine
START, takes blade mass and inertia data which are divideu into an arbitrary
number of segments and recasts it into 10 equal length segments. The second
part, called by the subroutine AMPLTD, takes the mode shape data and recasts
it into 20 equal segments as well. The first six natural frequencies for each
combination of rotor collective pitch, rotor rotational speed, and mode type
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are stored. These frequencies are used in the third part to compute inforwa-
tion for the cyclic detuning cards.

Subroutine CORFP

The subroutine COEF is uaed to form the root boundary condition coefficient
matrix tor a specified frequency. The five generalized coordinates at the out-
board tip - vertical slope, horizontal slops, horizontal deflection, torsional
rotation, and vertical deflection - are individually set to a value of unity
vhereas the remaining tip deflections and slopes are set to 2ero. By using the
eclastic and inertial properties or the X,Y,i-coordinate system and the apeci-
fied frequency, the deflection, rotation, ashear, am! momeont at each station along
the blade are calculated for each unit tip displacement. Fur the particular
node type and rotor configuration the combination of five root cordditiona to be
seroed are selected. The previoualy calculatod valuea of the comlitionzg on the
blade at the boundary atations are {nserted into the appropriate row and column
of the comfficient matrix. When the boundary coefticient matrix {8 completed,
aubroutine MATINV iz called to campute the deteorminant of the matrin or its
faveree.

Sabroutine INPT

The aubroutine INPT is called by BLDANL t2 read the input data from punched
carda.  INPY firat reads the program option card and then either a tull data
deck or chamnges to the previous case. For multiple-case runa, a nameliast tormat
may be umed for all cases except the firat. If demired, srubroutine CARDS may be
called to output the hlade inettia puoperties on punched carda.  Subroutine
START {2 aleo called trom INPT.

subrout ine PLOUT

The subrout tne FLOUT producea plota of the varfation of natural trtequencien
with rotor apeed. One tigure iz produced tor each type of mode. o each tig-
ute, data for all caombinat fong of collective pitch amgle and totar totational
speed are plotted. The maximum inertial plane azacwiated with each natural tre-
quency iz diatinguished Ly Jdifferent plotting aymbola,  Subroutine PLOUT ia
called by program BLDANL.

Subyout ine START

This subiout ine iz called By INPT.  The luocationa of the pitch hwan, tlap-
Fing, and laguing himnge ottaets are determined in terwmn of aegment numbet  and
locat fon within the appropt tate negment.  The centrifigal totce act g at each
atation is catculated along with bBlade mana and aecond Zaar moment of inertia
about the flapping hinge ot centet Line. By T{ineat twiat diatoibut tone, the
twint at each station iz al=o caleulated in aubrout ine START.  The tnput tnerta
data which pertain to individual aegmentz ate averaged to genetate ineytia prop-
ertien at each atation and producta and crosa-pradieta of ettt ia ate calvulated

R



for each atation as well. The input data are printed out for identification
purposes.

Subroutine SUMNY

Subroutine SUMMY is called by the main program BLDANL to list a susmary of
the natural frequencies for each combination of rotor collective pitch, rota-
tional specd, and mode type. Listed along with the natural frequencies are the
saximum inertial (principal deflection) plane pertaining tc each frequency amd
the number of node points of the component of the mode shape identified by the
inertia plane.

Subroutine NODSHAP

Subroutine MODSHAP is called by subroutine AMPLTD to plot out the mode
shape. The horizontal and vertical deflection and the torsional rotation are
plotted as a function of the blade radial station nondimensionalized by the
radius. Bach component is identified by a distinct symbel. For convenience,
the associated natural frequency ia also given in the plot.

Description of Program Input Requirements

The program reads the input from file $S. The format for the input data
deck is specified in table II and a sample deck listing is provided in table I11.
The program input and output ocata are expressged in U.S. Customary Units. Conver-
sion factors for obtaining SI Units are given in appendix A. *n table 1I the
program names are given with the symbols used in this report shown parentheti-
cally, where appropriate. A data deck consists of card types ! to 18. Multiple
casea can be run by placing the data decks one behind the other with no separa-
tora. For maltiple-case rung, the namelict format option can be used for all
cases except the first. The various inputs are described in the following

paragrapha.

In table 1I, the first card specifies the program options via descriptive
names which may be input in any order. The allowed names are DECK, NAMElist,
PUNCh, SHAPe, MODEs, ALLModes, PLOT, TORSion, and NLTWist. Only the first four
characters of each name are required. DECK instructa the program to read a new
case input deck. The NAMElist option allows the user to read in only the changes
to the previocus case by using a namelist format. PUNCh is used to generate
punched cards suitable for input into the computer program of references 2 and
3. The SHRAPe option causes the program to generate CalComp plots of the blade
mode shapes for the case with the reference values of rotor speed and collective
pitch angle. The MODEs input results in printouts of the mode shape data pro-
vided by SHAPe. ALLModes is used when mode shape printouts for all combinations
of rotom speed and collective pitch angle are desired. The PLOT option gener-
ates CalComp plotas of the variation of blade natural frequencies as a function
of rotor speed for each collective pitch angle. TORSion causes the torsional
degree of freedom to be included in the analysia. The NLTWist option instructs
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the program to redd in a nonlinear twiat distribution vaing card VY {cexd 1 is
omitted if NLIWiat is not ueed).

Card type ) is used to specify the reatraint conditiona imposed on the
blade motions by the pylon amd callective pitch control ayatems. The pylon
restraint is provided by lumped masser and apringe in the out-af-plane and in-
plane directions (NOR, MIP, KOP, and KIP) and a mast torsional wind~up spying
KT, The control aystewm atitfneas is vepresented by RC. The term KukTh aay be
ueed to provide a rotor teetering apring ot blade flapping apring in the case
of an articulated rotox. tThe laguing apring tate is input by KPS,

™e blade may be divided up to a maximum Of 30 seguents, the inboard JWR
sgments beinhy nonfeathering. It al) segwenta are of equal length, a nonsero
value of ARBAR ia input and card type 7 ie omitted. Noauniform segmwent lengths
are 1nput hy setting AZBAR to 3o . and apecifying the radial atation of the
outboard end of each seument on card 7. The 1otaa geometry ia apecified by the
Dlade TMIST o THRD, number of RLADES, and the vadial tocationa of the lagging
(CHOFF) and flapping (FMOPF) hinges, and pitch hoin (PHOFF).  To duelete spe-
eiftie hingea, a sorce input value ia used. The BADES teym i3 used cnly to suyp-
press the caloulation of collective and cyclic mode data when the input value
te greater than 2.0,

the program determinea ratural trequenvies below the upecified upper limit,
PLASY, foxr all combinationz of votuwr collective pitch angle (ROOLL) and votos
specd {(MRPN). Up to Y0 xotce speads (IRPM) and 3 collective pitch angles
(IRCOL) way be inveat igated for any one case. Howevey, if the PUNCh option is
uded, three collective pitch amplead amt thyee yotuor speeds muat e input, as
toquired by the puogram of vererencen 2 and 3, the second values of each pavam-
eter being the average of the fhat and third values, The SHAPe and NODEs
optione provide output data pertaining to the next to the higheat values of
Both votuar apeed and collective pitch angle if three or wore values ate ape ‘-
fied. A one v twd values of retun spead and 1 onllective piteh, the reter-
enve valuen are the fitat o second, veapect ively.

Bach segment {2 aspumed to have cwnstant paopetrties over ita lenath,  Card
typea B to 10 amt 12 to 18 are used to inpat wvelage aegment chavacter istics,
efuht valuea per card.  n card 10 the tip weight ia input atter the N values
of aegment weiaht per anit lemdth (WERLY. The masa smoments of tnettia (RYRB
and BYRC) are tepolved aboat the center of gravity.,  “te locations ot the sheal
veliter amd venter of dravity telative to the piteh axia ate ipgput baged o the
2igh onvent ivns of figute 2, Mte that the podttive ditections tan RB and RO
{Center =ar-grav ity oftaeta 1 D= amd c-ditect ng) are oppveaite te the B~ amd
C-ania convent ion, the N ¢ 1 ovalue of RB andd RO pertain to the eccentuicity ot
the tip weilaht yelative to the pitvh axia,

Peactaption of Program datpat Data

The nrotmat o acutput by the pragian i lades proanter List tiga and,
ot tvonatly, panchel cands an Calivompe plots depending an the progiam caoantvod
At fona anlected By the waet o vcard type 1o 8ee diacugs ton on apat data
tegquitementa. d The puaygtam generates a List g ot the wdent it icaton, geo-
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metric, and structural data that were input and a summary table of all calcu-
lated natural frequencies. Samples of these outputs, obtained from the input
data listed in table III, are presented in tables IV and V.

The input data list includes geometric and structural parameters in the
same units as originally read in, as well as segment lengths and valuea of blade
twist and centrifugal force at each station. The total blade mass and flapping
inertia are calculated by considering only the blade mass outboard of any flap-
ping hinge and are listed. The hub and control system impedance parameters are
also reproduced on the listing. The calculated natural frequencies are summa-
rized for each appropriate mode type (that is, collective, cyclic, and/or scis-
sors) and at each combination of root collective pitch angle and rotor speed.
The valu:s of natural freqguency are nondimensionalized by rotor speed prior to
being output or they are presented in units of cycles per minute for nonrotat-
ing cases. For each frequency listed, the plane containing the largest contri-
bution to the total generalized mass of that mode is identified and the number
of node points in the mode shape component associated with that plane are
listed.

If either the MODEs or ALILModes options is selected, spanwise distributions
of the mode shapes, moments, and shear forces at each station are printed out as
shown in table VI. When the ALLModes option is exercised, these data are listed
for all combinations of appropriate mode type, root collective pitch angle, and
rotor speed. PFor the MODEs option, data are printed for each mode type, but for
only one reference combination of collective pitch and rotor speed. The refer-
ence collective pitch angle is the last value input if only one or two input
values a e specified., If three or more collective pitch angles are requested,
the reference value is the next to last value input. The reference rotor speed
is determined in a similar fashion. The values in the mode shape columns corre-
spond to deflections in the vertical and horizontal planes. However, the asso-
ciated forces and moments are calculated in the local beam and chord axis system
and reflect blade built-in twist and collective pitch angles. When TORSion is
input on card type 1, the torsional rotations and moments for each mode aie also
listed. The displacements, moments, and shears are normalized so that the maxi-
mum def) ccion along the blade in either the vertical or horizontal plane is
! in., (2.54 cm) or the maximum torsional rotation is 1 radian. After the span-
wise mode shape listings, the parts of the total generalized mass attributed to
cach deflection plane, vertical, horizontal, or torsion, are printed. Finally,
a check is made to see whether the boundary conditions are adequately satisfied
and the calculated boundary condition values are printed. (See previous discus-
sion concerned with imposing boundary conditions.) Both the generalized masses
and boundary rondition values reflect the normalization process applied to the
myde shar s,

U - of the SHAPe option causes CalComp plots of the spanwise distribution
of + : mode shapes to be generated. A sample plot is shown in figure 8. One
plot is made for each calculated frequency for all the mode types but only for
the one combination of reference collective pitch and rotor speed. The differ-
ent displacements, vertical, horizontal, or torsion, are plotted individually
and reflect the normalization process applied to the listed data (maximum deflec-
~ions of 1 ir. (2.54 cm) or 1 radian). The abscissa represents the spanwise rta-
tions ror -he deflection values normalized by the rotor radius. For identifica-
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tion purposes, the mode type and natural frequency for each plot are given above
the figure.

The PLOT option produces separate plots of blade natural freQuency as a
function of rotor speed for collective, cyclic, and scissors mode types. For
each plot, a sanple of which is shown in figure 9, the natural freguencies for
all cambinations of collective pitch angle and rotor speed acte shown. The
plotted data distinguishes between modes having maximum generalized masses in
the three camponent directions (vertical, horizontal, or torsion). PFor identi-
tication p.:poses, the case number, title, and other information are given in
each plot,

When the PUNCh option is used, punched cards are generated by the program
compatible with the input requirements of the rotorcraft simuiation camputer
program documented in references 2 and 3. The format for the punched deck is
given in table VII and a sample output deck is listed in table VIII. The
punched output consists of four parts: a problem identification card, cards
containing the blade inertia characteristics, the mode shapes for the six low-
est frequencies associated with each mode type and cyclic detuning information.
When the PUNCh option is used, three values each of collective pitch and rotor
speed muat be input, the second values being the average of the low and high
input quantities.

Although the program has the capability of treating up to 30 segments of
urequal length, the simulation program of references 2 and 3 requires data for
only 20 segments of equal length. Therefore, the input rotor inertia character-
istics are converted by using linear interpolation. The moments of inertia in
both beam and chord directions are also changed to reflect a transfer from the
center of gravity to the feathering axis prior to being punched out. Bach set
of inertia properties is punched out in successive fields on three cards., The
calculated mode shapes for the reference values of rotor speed and collective
pitch have alsoc been interpolated to yleld values for a system with 20 segments
of equal length. The units of the wmode shape camponents are changed to feet for
the vertical and horizontal deflections and degrees for the torsional amplitudes.
For each of the first collective, cyclic, and scissor modes (up to six each),

11 cards are output. The first 10 cards define the three mode shape components
Sy 6,. and ¢) for adjacent station pairs starting at the center of rotztion.
The tip displacements are punched in the first three fields of the 11th card

with the next three fields containing the natural frequency, normalized by the
rotor speed, mode type designation, and an assumed modal damping ratio of 0.02,
Identification data are punched in the remaining fields of all mode shapes cards
for ease of handling. The mode type designations are ! (collective), -1 (cyclic),
and 0 (scissors).

One cyclic detuning card is generated for each punched mode shape. The
purpose of the cyclic detuning card is to specify the variation of mode fre-
quency with rotor speed and collective pitch angle. The first four fields of
each cyclic detuning card list the normalized frequency f a particular mode
for conditions of lowest values of rotor speed and pitch angle, lowest rotor
speed and highest pitch angle, highest rotor syeed and low pitch angle and,
finally, the highest values of pitch angle ard rotor speed. The reference val-
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ues of rotor speed and pitch angle are also punched on each cyclic detuning
card, as well as the case name, mode number, and type indicator.

PROGRAM CORRELATION RESULTS

The accuracy of the analyais is verified through correlation of computed
results for selected problems, having either closed-form solutions or accurate
solutions available in the literature. The correlation is based on comparisons
of natural frequencies and mode shape characteristics. The first case conaid-
ered is that of a nonrotating, uncoupled, uniform beam with pure bending in one
plane and torsion allowed. Free-free and clamped-free conditions are examined
and the lowest five modes in each direction and for each set of boundary con-
ditions are determined. The second case expands on the first by adding a tip
mass in a manner which affects the bending vibrations only. The third case is
for a simply supported, nonrotating beam having uncoupled torsjon and one bend-
ing degree of freedom. The fourth case adds elastic coupling between the bend-
ing and torsion vibrations for the simply supported beam. The fifth correlation
case deals with a rotating propeller for which experimental data were available.
Unfortunately, suitable data pertaining to e helicopter rotor could not be found
by the authors. The analytical representations for each of these cases are sum—
marized in tables IX and X.

Case 1 - Nonrotating Uncoupled Uniform Beam

The program input data for the nonrotating, uncoupled, uniform beam in
bending and torsion are presented as case number 1 in table IX. Although the
exact solution does not include the effects of rotary inertia, the computer pro-
gram does. Therefore, negative values of the sectional mass moment of inertia
(determined by eq. (Bl)) are input to the program so that the net segment rotary
inertia effects in the progroam are eliminated. Comparisons of computed and
exact results (refs. 8 and 9) for the first case are tabulated in tables XI to
X1V. The differences between the computed and exact natural frequencies for
both sets of boundary conditions are always less than 0.8 and 1.7 percent for
bending and torsion, respectively. The discrepancies increase with mode number
and the computed frequencies are always smaller. The trends of bending mode
shape correlation are similar to those for natural freguency. The computed and
exact torsion mode shapes match for all modes and both sets of boundary
conditions.

Case 2 - Nonrotating Uncoupled Uniform Beam With Tip Mass

Table XV illustrates the effect of adding a tip mass on the clamped-free
bending freguencies. The analytical model is shown in table IX as case num-
ber two. The torsion frequencies are unchanged from the values indicated in
table XI1V. The calculated bending frequencies vary by up to 1.5 percent rela-
tive to the values obtained from reference 10 (for the first vertical bending
mode). The trend of increasing discrepancy with mode order observed for the
previous examples is not present in this case. 1In fact, the smallest difference
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occurs for the third bending mode (0.3 percent). PFor the range of data in
table XV, the correlation is still good.

Cases 3 and 4 - Uniform Simply Supported Beam

Coupled bending-toraion vibrations are analyzed in reference 11, where equa-
tians are given for calculating exact natural frequencies and wode shapes. The
exsnple problem is that of a uniform, simply supported (pinned-pinned vertical
bending and clanped-clamped torsion) beam with a horizontal offset between the
canter of gravity and shear center axes to induce coupling. These boundary con-
aitions cannot be achieved at the cutboard tip by the analysis documented in
tr.is report without slight modifications, The required changes to the computer
program include replacement of the code generating the unity values of vertical
ant torsional deflections and all terms pertaining to shears and moments at the
outboard tip. Code representing unity values of the vertical shear and torsional
noment are then substituted into the program. These changes were made and the
analytical representation, given as cases 3 and ¢ in table IX, used for correla-
tion purposes. Tables XVI and XVII present comparisons for calculated and axact
results with and without the coupling added. Without the coupling the largest
discrepancies in frequency are less than 0.02 and 1.7 percent for the highest
bending and torsion modes, reapectively, thus verifying the reprisentation. PFor
the coupled problem (table XV1I) the differences between computed and exact fre-
quencies are always less than 0.7 percent with the difference generally increasa-
ing with mode order. The relative bending-torsion amplitudes for the mode shapes
show good agreement between computed and exact results.

Case 5 - Model Propeller

Exper imental vibration data, pertaining to model propeller blades, are
given in reference 12 and were used in reference 13 for correlation with the
analysis presented in that report. The structural characteristics presente’ in
these two references were used to obtain the representation shown in table X by
interpolating to intermediate atations. The effective torsional stiffneas which
was used included both the nominal value of GJ and the contribution of another
term dependent on the square of the twist rate as shown in table X. The second
term is included in the torsional equation of motion in reference 13 but not in
the equations given in this report (necessitating its inclusion with the GJ
values). The effect of this term is to increase all frequencies alike without
regard to the values of collective pitch or rotor speed. 1Its omission in the
present equations is based on its insignificance for the twist rates uased on
conventional rotor designs.

Experimental and calculated variations of natural frequency with collective
pitch angle and rctor rotational speed are illustrated in figure 10 for the
first and second bending and the first torsion natural frequeucies. Excellent
agreement between experimental and calculated results are achieved for the two
bonding frequencies. (See figs. 10(a) and 10(b).) A discrepancy exists between
calculated and measured variations of torsional freguency with collective pitch,
as shown in figure 10(c). As discussed in reference 13, the angle between local
structural axes on the blade and the plane of rotation is a function of built-in
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twist, collactive pitch angle, and ateady-state twist deflections caused by rota-
tion. The last item is not included in the linear analysis documented in this
report., However, this term ia not significant for conventional helicupter blade
designs.

CONCLUDING REMARKS

An existing computer program, used for predicting the natural freguencies
and mode shapes of helicopter rotor blades, has been modified to improve program
eofficiency, accuracy, and versatility. The equations and techniques used in
the original version were extensively changed. This program is based on the
Holzer-Nykleatad approach adapted for rotating beams and represents the rotor
blade as a series of lumped masaes connected by stiffness elements. Elastic
and inertia coupling between vertical, horizontal, and torzional deflections
are included in the analyais. Spanwise variationa in atructural stiffneas,
mass, blade twiat, rotary inertia, and center of gravity and ahear center offsets
from the pitch axis may be input. Provisions are also included for representing
various hub configurations and the effects of pylon impedance on blade modes.

The resulting program iz documented by presenting in thia report the equa-
tiona and techniques for determining nmatural frequencies and mode shapes, input
data v quirements, and descriptions of the various program cutputs. A source
listing of the program is alsc presented. The accuracy of the program is indi-
cated by comparing computed results with exact solutions and experimental data.
For uniform, nonrotating beam prodbiews, natural frequency predictions are within
2 percent of exact solutiona for the first five b+ Jing and torzion modes and
for a variety of boundary conditions. The predicted mode shapes closely match
exact answers. BExperimental data measured on a rotating, highly twisted propel-
lor were also used for correlation. The calculated bending frequencies showed
excellent agreement with measured data.

langlcy Reaearch Center

National Aeronautics and Space Administration
Ranpton, VA 23665

April 20, 1978
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APPENDIX A

CONVERSION OF U.8. CUSTOMARY UNITS TO SI UNITS

The input and ocutput data associated with the computer program are
expressed in U.S. Customary Units. Conversion factors for obtaining data
in 8 Units are given in the following table based on reference 14:

l Units Conversion
Physical quantity factord
U.8. Customary St

Force, Wedght . . « . ¢« v v v v 4 & 1 N 4. 4482
PLQQUENCY o + o ¢ « o s o ¢ ¢ o o+ o opm Ha 0.01667
Langth . . L. s e e e e e e e e in. n 0.02540
Linear apring « -« « ¢« ¢ 4 0 0 . 1b/in. N/m 175.13
Ma8® . . . .t vt s v e e s s o] lbesec?/in. | N-seci/m 175.13
NORENt . &+ . & ¢ ¢ ¢ o o o o o o o in~1b N-m 0.11298
Rotational speed . . . . . « .+ ¢ » rpm rad/sec 0,10472
Rotational spring « « o ¢ s ¢ o ¢ o in~1b/trad N-im/rad 0.11298
Second mass moment of inertia . . . 1b-sec? N-sec? 4.4482
Structural Stiffness . « « o o . o 1b-in2 N-m? | 0.28698 x 10-2

aMultiply values given in U.S. Customary Unit by conversion factor to
obtain equivalent value in SI Unit,



APPENDIX B

DEVELOPNENT OF TERNS APPEARING IN THE RECURSION BEQUATIONS

To determine the natural frequencies and wode shapel associated with a
rotor blade, the blade iz segmented, and average values of the structural prop~
erties of each of the N segments are determined. These properties are associ-
ated with the midpoint of each segment by the program and the cross-sectional
scond mass nmoments of inertia are related to the section mass centroid, PFig-
ure ! illustrates the local A,B,C segment-fixed axis system and overall %,Y,2-
axis system with sign conventions. The reference axis is the undeformed &
pitch axis of the blade. The jth segment is shown in figure 1 having a width
!3 and an inboard station 3y as measured from the center of rotation.

The mass moments of inertia of the segment cross section for the beam and
chord directions Ip, and Ioe are transferred to the reference (blade
pitch) axis and the rotary inertia for the segment is added, The polar moment
of inertia is also determined by the program. The relationahips are:

—,
™,
]

T, 20 « « <2 W) (B])

.. wifi?
Ioh,i ™ Iob,i% ¢ FEAtTY +rp,i

i (5.2
. - wWiky /3§ 2 ) )
Icc.i - xcc.i‘i + ";" ;"2"— + fe,i (i=1,2,...,N (B2
. R L T 2 ) 3
I..'i = ‘1&.1 * Icc‘i)‘i + ";"“‘ rb.i + xc'i’ (i bl " 2‘ « s ey N) (B )

2 Taa,19
ka.i -

e UW=1,2, ..., N (B
BV

where w; 1is the weight per unit length for the ith segment. The terms 1y, i
and ro.i are the center-of-gravity offsets from the reference axis and the
sign convention for these terms is given in figure 2(a).

Because the analysis represents each segment as a weightless stiffness ele-
ment with the inertial properties lumped at its inboard end, the inertias for
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adjacent segwment midpoints are averaged to determine the values at each jth

station. Thus,
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< quation (B5) represents the lumped mass ny at the jth statjon. For the end
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tee Bt w2 \
Tec,l ® + — ¢+ r§, (BY7a)

Ice, N4l = + — (B17b)

Tee Ny Wydn/En? \) W et
2 29 7

3 - -
(T5b,1 + Toc,1) . wm(

Taa,1 ™ > e21 + c3,1) (B18a)

o

(Top,N + Toe,N)in  Win

2 2 N/2 2
I“.“"‘ - P + 29 (tb'u + fc,N) *-; (!b'u.‘.] + tC,N'ﬂ) (B18L)

Bgquationg (B5) to (B18b) apply to the local axis system at each station.
Because the equations of motion are written for the horizontal-vertical or X,¥-
axes, the blade inertial prcperties must be rotated into the latter system using
the pitch angle at each station defined fram the twist 6, and collective pitch
angle 0..

6y =0 (3=1,2, ..., JHUB) (B19a)

8juuB+1 * e (B19b)
3

8541 = €4 + i- 8¢ (3 = JRUB4Y, . . ., N) (B19¢c)

where JHUB is an input quantity representing the number of nonfeathering hub
segments. Por geaeral twist distributions, input values of twist are used, and
the collective pitch angle iz added to those values, The inertic representation
in the X,Y,2-axis system is given by the following relationships:

(mr,,)j = (mc):l cos 64 + (mrb)j pin 6y (3 =1, 2, « « ., N11) (B20)
(uty)j - (m:c)j sin 84 - (mrb)j cos By (3 =3, 2, . « «) N¥1) (B21)
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Iyy.d ® Ibb,j 082 04 ¢ Lo,y 8in2 85 - 2(mepre) g 8in 05 cos O

(3=1,2, ..., W) (B22)

Ixx,j = Ibb, s sin? 85 + Icc, j cos? 84 + 2(-'brc)j sin 8§ cos 0

-

(=12 ..., 84)) (B23)

Iey,§ = (Ibb,j = Tec,j) sin 84 cos 04 + (-brc)j(cosz 85 - sin? 03

(3 =1, 2, ..., B4)) (B24)
Iu'j - J“,j (j = " 2' e » eop “4,) (st)

Te¢,5 = (Ibb,j - Iz, j) (cos? 85 — sin2 05) - 4(arprc) 4 sin 05 cos 65
(=1, 2, . .., N¢1) (B26)
where the last term pertzins to the so-called “tennis racquet® effect in the
equation for torsional moment.
The elastic properties are rotated intc the X,Y,Z-axis system, using the
total pitch angle "t the midpoint of each segment cbtained from averaging the

values of pitch at the segment endpoints. The shear center (elastic axis) off-
g 's from the reference axis (see fig. 2(b)) are found by

Sx,i = Sc,i cos B + Sp i sin §; (i=1,2...,N {B27)

Sy,i ® Sp,i 08 8; - S¢,; sin §; (i=1,2 ..., N (B28)
The structural stiffness representation in the X,Y,2-axis system is

] cos? éi sin? éi
= + (i = ‘, 2, PP “) (329)
(El)yy,i (Elp,i (EDlg,i

26
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1 sin? §; cos? §;
- *
(Blxx,i (Blp,; (RI)g,i

1 1 | _
- - sin 6§ cos §;
(B xy,i [(BDp,i (Bl)g,§

The torsional stiffnesss (GJ); is unchanged.

(‘ - ’p 2’ ¢ & ep ﬂ) ('”’

(i=1,2 .. .,N (831)

At each station the centrifugal force and associated mowents created by
the offset of the center of gravity from the reference axis are calculated by

using the formulas

| 23]
Ij - 2 :E: By Xk
kaj+l

N+

’B.j - Q2 Z (”x)k
k=j+1

N+

Px'j = 92 Z ("x)kzk
k=4l

N+)

Fy,3 =82 30 (my) x
k=341

where § is the rotor rotational speed and z)
station (figq. 1)

21 = 0.0
3

T4 = 2 zy

k=1

(3=1 2, ..., N (B32)
(=12 ..., N (B33)
(=12, ..., N {B34)
(3 -1, 2, ..., 0N) {B35)

is the radial distance to each

(B36a)

(RIER)

27



APPENDIX C

COMPUTER PROGRAM LISTING

The computer program listing is given in this appendix.

PRIGRAM BLIANLIINPUTOUTPUT »TAPESIXMUT ,TAPESG=DUTPUT»TAPET) SLOA

C 8LOA
[ THIS PROGRAR COFPPUTES THE NATURAL FREOUFMCIFS AND RODE SHAPES 8L0A
[ FOR A MELICCPTER PDTO2 BLADE. TEFTERING, ARTICULATED, AND 8LDA
4 HINGELESS BLADES CAN BE TREATED., FURTHER INFORWNATION 8LDA
[4 CONCERNING THIS PROGRAM NAY BF FNUND IN MASA TR 78470 8LDA
C 8LOA
CIMMON ZCORAZ JrBEsNLIsLOTPIUT, ITLECL10) ,MANE, DAY NPG 8LDS

1o JHUBLI,RRPACLIGIHRCOLLIIISZUIL) 5 INPUN, NDOPLOT,Ns TRSNS BLADES 3L0A
COMON/ COMC/ MTPLI3L)LEIBI30)»E1CL30).6J030),THDI3L) 8LOA
COMON/CONB/IRCOLIXRCOLIIDSIRPR,CRPW(10), 28AR(30},EYEB(30),S8{(30),8L0A

1 EYECH30D,SCU3DIsSN*3L)oREBEILISRCIILNILTHI3LDHUWT(30) 8L04
CINBON/CONDICMAT(S59 %2 SORNATLLIO00,3) s TPLNT100,3), INCDE(10G,3), 8LDA

1 *mI,rme5,CT 310, STUI2) I8 18T, 185(3510,30,18E(3,10,3) 8LDA
CORRONZ HZ VRXLEI)I o VAXLI0), YNY(300,FL30),FTX(30)FTY(30)»SX130), BLDA

1 SY(30),0PEGA2»FTH{30) BLDA
CINMON/CNNTZ EYSE31D0,EYCEIL)LEYREILNHENRR(ILILERRCIILIHENRR(IL), BLOA

1 EMRXCILILEPRYCILILENBBULILD EMPPU(IL ) THHALIL), ENBPUILIL) BLDA
COMNON 7COMEZ 28(155)»TR8155),20015S5),72L015%),28¢8155%),2Y(155), 8LDA

1 IMU155), 2001990, ZHELS5)ITL155) SLDA
LUGICAL LOT»TRSN 8LDA
DIMENSION PPI2),IN(3),XQSOM(2),SM2E31),SNZQX(IY),,SNZRYI3]) sLOA

1 o+ SMRX(21) sLDA

DATA CVRPS/0.1047198/ 8LOA

CALL PSEUDD 8LOA

Catl LEROY 8L0A

CALL DATE(DAY) 8LDA

10 CALL INPT(PLAST? 8L0A
LLELE) BLDA

LILL 0] AL0A

IFt TRSM ) G3 YC 20 8LDA

MM 3e2 BLDA

L1 -1 1Y 8LDA

20 NJBel 8LOA
DO 30 1e),3 8LDA
IN(I)epQ BLDA

DO 30 Je}l,10 BLCA

00 30 Ke}l,) 8LDA
185(1sdeK)e0 8LOA

I1BE( Ipdon)e=] 8LDA

30 CONTINUE B.OA
ENDXQe(PLASTOCVRPS)ee2 3L0A

03 25 1#15125,31 sLDA
1B(1)e0.0 8LDA
15(1)=0,0 BLDA
IY{i)e0,0 8LDA
IX(I)=0,0 BLDA
IH{1)®0.0 8LDA
Im{1)e0.0 8LOA
IQ(1)=0.0 BLDA
IT(1)e0.0 BLOA
L{t)=0,0 BLDA

25 20(1)=0,0 BLOA
18(1)=1,0- 8LOA
18(32)e1,0 . BLDA
1Y(125)01.0 ORIV iINAL PAGE IS sLoa
IH{94)e1,0 8LDA
Ix(63)e],0 OF POOR Qum BLOA
CAPOEINEININEILEEA0ES00IRE BLDA
C COLLECTIVE ANGLE SWEEP ¢ -8.DA
COOS08002000040000000000480 BLDA
DO 700 I5Tel,IRCOL ALDA

OO NP G L WM



APPENDIX C

COOOS08 0000080800 0030004000008000000000000000800000008008

€ CALCULATE COEFFICIENTS DEPEMODENT ON COLLECTIVE ANGLE ©
COG088000000008080000800008000080000880000000000¢0000000

80

85

DU 90 IskCI,N1
ITHeTHIL)

TFUL.GTodHYR) 20HeZ THORRCAL(IST)
STCIeCINCZTH) ORIGINAL PAGE 'S

CTIICUSLZTH) OF POOR QUALITY

SSTHeSTLI DO

CCIHel ~-%STH

SCTHaSTLINOCTLL)
E=AXLIImENRCETISCYLIDSENRBLIIOSTLI)
EMQAY(I)=EPRCUIVOSTUI)=EmRBLIIOCTL])
Cu3AN(IInEYBLI)OCCTHOEYCLI)OSSTH=2.N0ENRR(IISSCTH
ENOPUCIIEYILID O STHOEYCIIIOCCTHO2, 0%ENRRITIIOSCTN
EA3PJUI)nCEYBCI)-EYCLL)DOSCTHOERRRITIIOICCTM~-STTH)
THHICI ) m LEYBUII=EYC LI IOLCCIM=SSTHI =4, NOFE=RR(]1)ESCTY
IFtL.EQ,N1D) G) TO 80O

ITHRQ 58 LTHII) e THIL #1))

IFCI.GTJHUR) ITHeZTHOXRCOLLIST)

STHeZ IN[ZTH)

CTHeCISL2TH)

SSTrHesTHee2

CCTHe 1. -SSTH

SCTHaSTHOCTH

SRELDeSCUIIOCTHOSBILI)OSTH
SYLI)eSOLIYeCTH-SCLI)OSTH
VRX(IDaZBARCI)O (L. 0ZEI8C1))=(1.0/CICLI)DDOSCTN
VOXLT )= ZRARITIDI®LLSSTHZELBLL D Ve {CCTHIEICLIN D)
VNY(I)o2BARCIIO((CCTH/EIBLID IS (SSTH/IEICLIN))
CINTINLE

SHaAx(N]l)=0.0

€MZ(N1)=0,.0

SHNIRX(N]L)=0,

SAIRY{N])=0,

JaN]l [

03 89 Is),n

Ksj

d=J-1

SHAX(SIeSHRAXIK) +EMRX (N )

SH2tJieSn2i{x)eSniK)e2(X)
SHZRX(JIaSMIRY(K)+EMREI(KISZ(X)

SHIRY{JDIaSRIRY(K) +EMRY(K)OZIR)

LUELRI LTS

Coosrsstitrosetsdane

C RITOR RPY SWEEP #--

8LDA
SLOA
SL0A

sLDA
sL0A
8LDA
8LDA
8LDA
8LOA
8.0
8LDA
8L0A
3L0A
8L0a
8L0A
8tDa
8L0a
8LDA
8LDA
8L0a
8L0s
191 )
8LDA
8L0A
8LDA
BLDA
8LDA
8LDA
BLDA
aL0A
8LOA
3L0A
8LOA
8LDA
SLOA
sLD»
8LDA
8LDA
8L0A
8LOA
BLDA
BLDA
8LDA
8L0A
8LDA

Coedoo0ots0essoen

00 710 IB= 1,IRPM

CO00¢0035000030000030000000608000000080908000000060

C CALCULATE COEFFICIENTS DEPENDENT ON ROTOR RPm ¢
COPP0I00008000000000008000000000800800400000000000

OREGAZeCRPR(IB) 62

00 110 I=],N
FTH(1)OMEGAZ®SIRX(])
FCLIaONEGA2*SMZ(])
FTIX(I)nOMEGA2eSNZIRX(])
FTIY(1)eOREGA20S/PY{])

KAPSQo((EVEB(IDSEYECII))I®306.4/NTPLII))ORBITISRB(IIGRCCIIORT(L)

WT{1)e0.0
TF(TRSN) wT(1)eZBARIID/CGICIIoF(I)ONAPSQ)

110 CONTINUE
COP00S008000808 2000008000000 00000008000000 $00000000800008008
C CALCULATE THE FIRST MATURAL FREQUENCY FNDR EACH WRODE TYPE o
CO000000000000800000000080000000800000000000000008800000000800¢

¢

el
BYPASS COLLECTIVE AND CYCLIC MOOES FOR MORE THAN 2 BLADES
IF(OLADES NEL2.0) Jde)
00 200 I=J,3
IF(INCI).EQ.100) 6O TO 200

BLDA
BLDA

8LDA
8LOA
SLDA
8LDA
8LDA
8LOA
8LDA
8LDA
8L0A
8L0a
8LDA
BLODA
BLOA
8LDA
8LOA
8L0A
8t0a
8LDA
8LDA
8L0A
BLOA
8LDA

63
(1]
63

(1)
67
68
69
70
n
12
73
T4
141
76
1”7
78
19
80
81
a2
82
84
a5

87
88
89
90
21
92
93
9
95
9
7
99
99
100
101
102
103
106
105
106
107
108
109

110
111
112
113
114
115
116
117
110
119
120
121
122
123
12
12%
126
127
128
129
130
131

29
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APPENDIX C

RINNNLI V20, G0CVRDPS ) 002

R3S ML e300, 00CVRPS )00

SALL COFRUis oFALSE L2, XQ8ON.PP)
1ExPeQ

RATIDeABS(PPL2Z)I00 L)1)
TFERATIONT 1,00 GU TO 129
{5XPaliPe}

4dZPRALIZNENAT IS LIRE)

SR {2V1eRPPL2)INASIN(2)

od Tu 120
EXTRAPaPPL2I0( VL0 2)-AQSTVELIIZLPPLLI-POL2) Do xQSONE2Y
TEITaARS Lt xTRAP-RCSUMI2))2HQSORL2))
TFLTESTLLTL0LCO10 GO 1) 2 DO

[ PADLISERITEAL LY g ]

*2{iderr i)

XISONL2 Ve EXTRAP

CALL CPEFALaoFALSELoloXQSOINL2)00P(2))
PALI)ePP (2N IR L2 00 ERP

8 Ty 129

CANT AL

IntlicINt]Ide}

18SL1SYatBa1d0lntl)

LLAME LIRS

SORNATINRUDE, [ ) uENTRAR
XREFeSINNATINPOOE L 1D 22.0

RQOF aNNQDE

TF IO . EQ4100) GO TO 189

(0000030300000 0800000030000000000008030000000000000000000000000¢

¢

Ca

LCULATE MIGHER NATURAL. »REQUENCIES FOR FACM MODE TYPE o

(080088880 ¢00000000000300000008000000000085000000000000000000¢

C

1%

137

142

1s0

189

NQSUR{I Dt IWNAT (NG 1)0) .01
XQS(N(2)eSOMNAT (D0 1} 02,02

CALL COEFCLooFALEE. 1o RQSOMLL)2P ) ))
DENLMLeXQIN{L )0 1EXP

W TLTITI DADLINS LTS 14

39 140 ReNd]IE o N0D:
IFNNMLaDENINLSIRCIONL LI =SORNAT (R 1 )0],001)
JENDINde DENDNRO (NS INL2)-SONMNAT IR, 1D O) 000
CALL COLFUL»oFALSF o1 oXOSONL2)+PPI2))
FUNCLOPP L1 /0ENT™

FUNCRe®P{2)/DENINR

EXTRAPSLYQHIIN(2IOOQ S +FUNCROICINISORL ) -XREF) O], 50-(AASONLL )

1 RRFFIGEYSONILFURCL-FURCR) I )OO
LU YTRAP, LT ENDXQ) WO TO 190

TESToARS{ (e XIRAP-XNQSOANL>))INXQEON{2))
1F(TESTLLT,0.001) GO YO 180
PRLLldep Pt
YI30ML1VeuASO®(2)

RIS YaiATRAR

60 11 13?7

WHE DD e}
SOMNATIRAPE s [)einTRAP
AREFeSIMNAT (H0DE 1D 2240
TF{MODELEQ.1J0) GO TV 189
6J T 13s

CONTINUE

WRITF(rplns) 1

8LDA
{181
SLOA
(1§:7)
{187
[ 191 )
SLDA
SLCA
8i0..
8L0a
aLpa
sLta
(18:7)
| 187 )
AL0A
aL0A
sLDa
aLda
SLDa
8LDA
ailla
L 197
LYY
wi DA
804
aLla
sL0A
sL0a
sLDa
4L 0a
sLDaA
BL0A
8L04
aLda
SL0a
1187
SL0a
sLla
SLbA
8LDA
8iLDA
8L 0a
8LDA
alca

ALDA
SL0A
BLDA
8LDA
sL0a
8L0A
aLDa
sLDA
8LDA
SLDA
8L0A
BLDA
8L0A

183 FORXMAT(//¢ LTERATION STOPPEY #08 TYPE 6,(3,¢ MODES - 100 NATURAL FBLDA

19

200
cal

T

IREQUENCIES maN, @)

CONTINUE

IN(IdamQDy

IAELIST IR, 1)em]0g

CONTINUE
CULATE ANMD PRINTY QUT MODE SHaAPES ¢
CaLt ampPLT2

CONT INUE

8LDA
sLDA
8LDA
8L0A
LISA
BLDA
SLOA
8LDA

132
13
13¢
133
13e
13?7
138
139
140
1.3
142
143
140
14
leb
147
168
149
1%0
191
1%2
1%}

178

17e
ir?
178
19
180
181
182
183
18¢
18
180
187
188
189
190
191
192
19)
194
19%
19
197
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B
¥ *Fo0 CONTINUE BLDA 198
e PRINT OUT SUNMARY OF NATURAL FREQUEMCIES gLCA 199
CALL Sumey 8LDA 200
C PLOT NATURAL FREQ. VS ROTOR RPn o sLoa 201
IFILAT) CaLL PLIUT(PLAST) BLDA 202
60 TO 10 8LOA 203
END BLDA 204

ORIGINAL PAGE IS
OE POOR QUALITY

SUSROUTINE amPLTID ARPL 1
C0000000000000000000080000800600300000000008008088000300000¢ ARPL 2
C THIS SUBROUTINE CALCULATES anD PRINTS OUT MADE SHAPES ¢ ARPL 3
CO000000000060000000000000000000000000000000000004008000000¢ ARPL &

CO%NON 7COMA7Z JHUBI ML LOT,PTUT,ITLECLN) s NARE, DAY, NPG anpL -]

1o dUBLIRRPUIICILRCLLLIEIDISZEI1) o INPUN,PAOPLNT o N, TRSNSBLADES ARPL 6

COMMONZCONRSZIRCOLXRCOLEIN, IRPR,CRPIP(IO)IIRARIIODLEVYEDN(20),S8C30),ANPL 7

1 EYEC(30D,SCUL30),SMI31),RBE31D,RCEINDTHIILILUTLIO) ARPL ]
COMMON/COND/CRAT (S, 5)SOMNATIIO00» 3V IPLNLINN,3), INCDEC(L00,3)» ARPL 9
1 WMI,NNS,CTE310, ST I8, IST> 18503510530, 18E(3,10,23) ARPL 10
CORNON ZCONE/ 2381550, 2XL155), ZQU15S5), ZLELS55), 23(155), IVE1SS)IANPL 1)
e, I9C155), 2011550, ZML155), 2Y¥(155) ARPL 12
CIMON /HINGES/ LCHALCHPL,LFHoLFHPY sCHOFF,FHOFRFoFCMp FFN ANPL 13
1 sROAPUNSCIOLPUNSLPHILPMP L, PHOFF o FPM, 0TS ARPL 146
COMNON/CORT/Z EYBU3L1DsEYCLIL,EYRIILILENRBIILIPENRC(31D,ENRRIZL), ARPL 15
1 ENRXCILDILENRY(ILDLENBBNI3L)LENPPUIIL ) THHO(3]1D, ENBPULIL) ARPL 16

LOGICAL POUT,TRS¥LOTS, RODPLOT » INPUN ARPL 17

DIMENSION VECLS)oAUS)sB82531)50MATIS,S5)IPIVOT(S),IuK(10) ARPL 18

OATA CVCPN/9.5492977 ARPL 19
CO000000000800000000000000000200000000 ARPL 20
C P30E LOOP Me) FOR COLLECTIVE MODE ¢ ANPL 2]
C Ma2 FOR CYCLIC MODES L] ARPL 22
C Pe3 FOR SCISSORS NODES o ARPL 23
CO88000400000000000 0020228000800 0004000 ARPL 2&

00 227 Mel,3 ARPL 25
C BYPASS COLLECTIVE aAND CYCLIC MODES FOR A WULTISLADED ROTOR ARPL 20

IF(MN.NE.3.AND.SLADES.NE.2.0) 6O TO 227 ARPL 27

RODEND=0C ARPL 28

IFLIBSLIST,IB,M) . EQ.O0) GO TO 227 ARPL 29
C008040003000000000800000000000000000080000008¢ ANPL 30
C SWEEP MATURAL FREJUEMCIES STORED IN SORMAT ¢ AnPL 31
CRB00B0000000000 0000000008000 0000800080080000000 AMPL 32

NPT o 1+ IBECIST,I8oR) ~1BSCIST,1I8,M) ANRPL 33

00 223 NPe)l,NPT ANPL 34

NPS o WP +IBSUIST,I8,M) ~) AKPL 35

CALL COEF(Ny TRUE» Lo SOMNATINPS, ), DUNYY} ARPL 36
[ ARPL 37
c ITERATE TRIAL VECTOR FOR TIP DEFLECTINNS AMPL 34
C ANPL 39

00 & I=]l,mNS ARPL 40

D0 1 J=l,)NN5 AMPL &)

1 ONAT(I,J)sCHATLI,J) ANPL &2
4 CONTINUE ARPL 43

SORNAT(1.PSH)M, «CVCPHOSQRT(SOANATI(NPS, ")) ARPL &6

FNAToSORNATINGS,) M) ARPL &5

CALL MATINV(S»MM5,CMAT,0,888,1,DETERPM, ISCALE, IPIVOT, Luk) ARPL &0

VEC(1)=0.0 AMPL &7

VEC(2)120,0 ARPL 48

30 5 1e3,mnS ANPL &9

5 VEC(I)®1,.0/1.E50 ARPL 50

[TRY=Q AnpL 51

15 CONTINUE ARPL 52
ITRYs[TRY] ARPL 53
ANAX=0,0 ARPL 54

00 25 fe=l,nAn5 ARPL 55
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Atl1)=0.0
00 20 J=l,nS
20 ALRImAtT)eVECCIIOCHATLE Y )
TFLABSIACI) D GT.AB8S( AnAXN)) aRAXeatl)
25 CONTIME
DT 30 lel,umS
All)satldzanax
30 CONTINUE
IFLITRY . EQ.4) GO YO 100
0D 40 le=]l,nns
40 VEC(I)=sALI)/1.E50

6o 10 15
CALCULATE MODE SHAPES AND GENERALIZED IMEPTIA ARPL &9
ANPL 70
100 CONTINUE AUpL 71
20 60 Isl,nns ANPL T2
VECt1)e0.0 ARPL 73
DD 50 Je=l,nns ANPL 7o
VECUIIeVECTL)eINATLL ) ?ALS) ANPL 75
50 CONTINUE ARPL  To
60 CONTINUE anpL 77
00 70 Iel,%A5 AMPL T8
AtT)eatldZainns) ARPL 79
70 CONTINUE ARPL 60
LeNle] AneL 8l
61820.0 ANPL 82
GIP=0.0 ARPL 83
00 115 I=l,nl ANPL 84
Let~1 ARPL 85
GlBAsZBUII®A(L)oZBE3LoTIOA(2)028(126410020(62+100A(3) ARPL 86
GIPPo2SCINOALLYe2SU3LeldOA(2)¢25(12641)025102+1)0A () ANPL 687
8(3,L)=0.0 ARPL 08
BULloL)oZYLIDOACL) o2 Y 3hel)OAt2)2Y 12401002V 062¢])0A() ARPL 89
8(2oL) o ZXtLIOACL) o2XLILOTDOAL2YeTX L1280 02X (620])0A(3) ARPL 90
IFL.NOT.TRSN) GO TO 113 ARPL 90
G18B°GIBB+IBIIIeI)®ALS) ANPL 92
GIPP=GIPP+IS{93e1)0Al4) AMPL 93
Bllot)eB(loldelY(93e1)0n(0) ARPL 9%
BE2oL)2B(25L)+ZX(932100A(4) ARPL 95
BEIp L) ZHCTIIOALL) ¢ZHEIL L DOAL2D 2 HIL1240T) o 7HIC2+1)OALIIOZHIII+T)® ANPL  9¢
1 A(&) ARPL 97
113 CONTINUE ANPL 98
GIB=GIB+EMBBMILIOGIBE®®?2 ANPL 99
GIPeGIP+EMPPYILI®GIPPOS? ARPL 100
115 CONTINUE AMPL 101
A85CL=0. ANPL 102
00 120 I=1sHN3 AMPL 103
D0 120 Je=l.N] ARPL 104
ABSBaABS(8(1,J)) ARPL 10%
TFLABSCL.GT.ABS8) GO TO 120 AMPL 106
SCALE=8(1,J) ARPL 107
ABSCt=ABSE ANPL 108
120 CONTINUE ARPL 109
SCALE=1./SCALE ANPL 110
GIBeGIBOSCALESS? ANPL 111
GIPsGIPHSCALE®S? ANPL 112
00 150 lel,Nn2 ANPL 113
00 150 Jel,N} ANPL 114
150 BUIsd)eBlI,J)®SCALE AMPL 115
GIxX=0.0 ANPL 116
6Ivy=0.0 AMPL 117
G1T7=0.0 AMPL 118
D0 317 J=1,N1 ANPL 116
GIVYeGIYeSA(J)eBLLrd)0e2 ARPL 120

GIXeGIXeSN(J)OB(2,J)002 ANPL 121
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901 FIRMAT(IHLS18Xs4HPAGES I3525Xp34HAYRLESTAD ANALYSIS NASA TH 78670
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GITaGITeEYRLI)I® B(3,J)002

CINT INUE ORIGINAL PAGE Is
e OF POOR QUALITY
TPLNCNPS, K] )

IFIGTH.GTGIV +AKD. GINGGTGIT) IPLMNINPS,N)a2
IF(GIT.GT.GIV (AND, GIT.GT.GIH) IPLNINPS;N}=]
FREQPRsFNAT
IFIRRPRIIBI NEL.D.0) FREQPROFNAT/RRPRIIN)
CIMPUTE NUNBER CF NOOES
Ke[PLNINPS, %)
INIDEINPSI )y
KKeJHUB]
IFUINUBLEQ.0) XK=2
D9 160 IskK,N
PRODeB(N, [)0B(XK,1¢]1)
IFIPROD.GE.O0.0) GO TJ 160
INJDE(NPS )= INOQDELNPSsN) ¢
CONTVINUE
IF(LOTS) 69 TO 190
IF(.NOT,.PCGUT) GJ TO 225
TF(RCOLLUISTILNECOLPUNLOR.RRPH(IB).NE.RP*PUN) GO TD 225
PLIT MOOF SHAPE IF REQUESTED
TF(N00PLOT) CALL PODSHAP(B,RZCLLUISTISRRPN(IB),FREQPRyM)NP,NPT)
CONTINUE
PRINT OUT MODE SHAPE
NIGeNPGe]
WRITEC(6,901) NPGoOAYSNARE, (ITLE(S)»JI=]1510)

225X98105 /710X, SHCASE »16523X,1046/7)
WRITEL6,904) RCOLLUIST)IoRAPH(]IS)

ANPL
ARPL
ARPL
ARPL
ARPL
ARPL
ARPL
ARPL
ANPL
ANPL
ARPL
ANPL
aneL
ANPL
ARPL
ARPL
ARPL
ARNPL
ANPYL
ARPL
ANPL
ANPL
ANPL
ANPL
ANPL
ANPL
ANPL
ANPL
ARPL
ANPL
ANPL

904 FORMAT(ITRSF6.252X» 23HDEGREES ROOT CNULLECTIVE)10XsoF7.152Xp» 16HROTORANPL

1
902
903
916
920
309

1

2
3
&

1

235

SPEED, RPM)
I1F¢ ¥.FQ.1) WRITEL6,302) FNAT
FORMAT (36X, 27HCOLLECTIVE MODE OF BLADE AT »F9.2,4H CPN )
1f( ",EQ,2) WRITE(6,903) FNAT
FORMAT (38%,23HCYILIC WODE OF BLADE AT »FQ.2,4H CPR )
IF(MN.EQ.3) WRITER6»916) FNAT
FORMAT (38X,25HSCISSORS MODE OF BLADE AT , F9.2,4H CPH )
IF(RRPMITIBI.NE.0.0) WRITE(SH, 920) FREQPR
FORMATC1H*» 76X, 3IHOR »F7.3,8H PER REV)
VRITE(6,909)
FORMAT(/710Xp9HBLADE STA»BXyLIMDEFLECTINNS 19X, THACHELXTS ,20X,
12HSHEAR FORCES »12X»SHTWIST »6X,6HTNRQUE /13X, 2HIN, 16X»2HIN

25K» SHIN-L B, 26X, 5HLE 215X, IHRAD» TX» SHIN=LB, 726XK>»

SAHVERT ) 4X» SHHORIZ» 13X» 4HBEANS 8X, SHCHORD » 13X 4HBE AN, 6X» SHCHORD /

2Xr216(8HO* 000000 ))
LeNlel
D0 220 J=]1,N1
Lel-l
BRes(ZRIL)ISALLI+ZP(ILeL)OA(2)+ZM(1244L)2TN(62¢L)0AL3))OSCALE
QuiZQELISACL)+ZQ(31¢L)OAL2)+20012464L)+2Q0024L)8A(3))*SCALE
ELm(ZULAL)I®ACLISZLI31eL)*A(2)e2L(2244L)42L(62¢L00AL3))OSCALE
DEe(ZO(LIOA(L)*Z0(31¢L)OA(2)¢2D(1264L)+2D(62¢L)0A(3))*SCALE
IF{.NOT.TRSN) GO TO 235

ANPL
ANPL
ARPL
ANPL
ANPL
ARPL
ANPL
ANPL
ANPL
ARPL
ANPL
sANPL

ANPL
ARPL
ANPL
ANPL
ANPL
AMPL
ARPL
ANPL
ARPL
ANMPL
ANPL

T s(ZTILISACLIAZT(324L)0AT2)42T(1240L)42TIO24L)CA(D)42ZT( 934L)%A{4ANPL

}I®SCALE
BMeBNeZN({9I+L}®A(&)OSCALE
Q o0 +70(93+L)0a(4)eSCALE
ELOELAZL(93+L)sA{6)OSCALE
DEeDE*ZD(93+L)*A(&)*SCALE
CONTINUE
IF(PHOFF.NE+OsV o«AND, J.LE.LPH ) Te0,0
QBM=BNeCT(J)+QeST(J)
QCO=Q¢CT(J)~BMeST(J)
FBMELSCT(J)+DESST )

ARPL
ANPL
AMPL
ANPL
ANPL
ANPL
ANPL
ARMPL
ANPL
ARPL

122
123
124
12%
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
164
145
146
147
148
149
150
151
152
153
156
155
156
157
158
159
160
161
162
163
164
165

166
167
168
169
170
n
172
173
174
175
176
177
178
179
180
181
182
183
166
105
186
187

33
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FCOSDEOLTLII=ELOSTLI) ANPL
MREITELG29110 J» 2UJ4), BLYsa)d, BL2sJ)s OBN, QCDs FBN, LD ARPL

Q1) FORMATELOXNNIIsFB420F10.3sF8.3sF19,0,F12,0,F10.0,F11.0) ARPL
TFL TRSN ) WRITEL6,912) B8i3d) ¥ ANPL

912 FIRSATUIN+ 974, F15,3,F13,0) ANPYL
220- CINTINUE ARPL
MRITELO 910 ) ANPL

914 FORMAT{ 16 (8N 00000)) ARPL
NRITFL6s407) GIVIGIHIGITHIVECIL)sTa],M05) ANPL

407 FORMATC/10N) ISHGENERALIZED INERTIA CIN<LAF-SECO02), ISX,OHVERT,FOJANPL
1 SonNaSHHORIZpFO, 50 SNsSHTRISTHFB. 5079 10Xy 24HA0UNDARY CONDITION CHEANPL

20% 95X 5E12.5) ANPL

22% COnTINLE ANPL
IFULNOGTLINPUNY GO TO 223 ARPL
SUNCH QUT *JOF SHAPE ARPL
TF(NODEND LT &) CALL CARDS(MeNODENDINPS,B01) ARPL

223 CONTINUE ANPL
227 CONTIAUE ANPL
RETURN ANPL

END ANPL
SURRNUTINE CARDSIP,NODENTINPSs 8, IFIRST) CARD
COMSTOC ISR LO00¢00000R0200000800000800030 00000000000 84000 CARD
C THIS SUBRGUTINE  PUNCMEYS OQUY NODE SHAPES L] CARD
CO00000 0000000800000 000808000000000000¢00000000800000000000 CARD
CONMON /COMAZ JNUBINLISLOTPOUTHITLECLON, NANE,DAYINPG CARD

Lo JHUBL,RRPALLIODIpRCOLLEIINZUILI o INPUNSRODPLOTVoNs TRSN,BLADES CARD
COMNONY CONRC/Z TPLUILILELIBCI0)LEECI30),6J1(20),THOLIY) CARD
COMPON/ICOPS/IRCOL, XRCOL L3V IRPR,CRPN(10),» IBARIIODNHEVER(30),SB(20),CARD

1 EYECTI0NLSCII0N,SALILIHRBIILIPRCIINIHTHIILIHUT(30) CARD
COMMIN/ZCOND/CRAT(S525) »SONNATLLI002 30, 1PLNC1003), INODELL00,3), CARD

1 W3, Me5, CT(31),ST(31),1B8oIST»18S8¢351053),18E(3510,3) CARD
COMMON /HINGESZ LCHILCHPLILEHpLFHPL s CHOFF FHORF,FCHaFFN CARD

1 pRPMPUNSCOLPUNSLPH)LPHP L PHOFFFPMHy LOTS CARD
DIMENSION W(21),PHOIXX(21)pRHOTYYL21V90( 3031 0,PUN(22530,000+356) CARD

DATA WHRHOLIXX,RHNIYY/6300,0/7 CARD
IFLIFIRSTLGT.0) GO TO 3% CARD

CARD

RECAST BLADE RUNNING WEIGHT AND INERTIA DATA INTO 20 EQUAL CARD
SEGMENTS CARD

WRITECT751) NAMERLITLECI)»Lnml,10) CARD

1 Fiev ulinpe¥yluae) CARD
s{21)eulOL{N]} CARD

O JIXX{ Y JowT 2L (M) )OeRBINL)Oe?2 CARD
RSHIIYYL2I)edlPLINTI)ORCINL OS2 CARD

DL ANLY/2000 CARD

Jeo} CARD
wl1)e0,0 CARD

AN ARLL)=0,0 CARD
dHilYYLLNe g, 0 CARD

D 1% lele20 CARD
CTATN e[ ODF R CARD

9 COnTINUE CARD
TFLTCI*1Y 31 .STATC) GUL TO 1D CARD
Wildew(IdeqToLtJ)o, BAR(YS) CARD

A IIXRCL ) ORMOTYX( L) et YERCIIomTPLIJIORA())I002/3806,4)02BARLJ) CARD
RHAJIYY(IYaRHCIYYCT)SQEYECTIDoWTOLLII®RPCLII082/380,4)02BARLY) CARD

FLE LY CARD
TRO2EINLF Q.,STATI) GO TO 1% CARD

[2eln B2 Y CARD

1V FRACESTATL=2(J) CARD
dilled(l)*FRACO4TPLLY) CARD
ANOTYY (T D @HUIXNCIIOFRACOIEYFR(JIomTPLLJIORR(JI®O2/3u8,4) CARD

168
189
190
19
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

—
CODNYTWVPL WMNW

-
™

- ot Pt gt oo
~wo v rw

o
oo

20
21
22
23
26
25
26
27
28

30
3l
32
33
34
35
36
37
38
39
«0

LY3



[ X2 N2l

1%

20

30
35

4«0

A5

47
50

52
55

60

200

450
460

600
702

APPENDIX C

RHOIYYUI)SRHOLIYYLT) ¢ERACSIEVEC LI SWTPLULJIORCIJIIO2/3806,4)
FRACoZBAR(S)-FRAC

Wllel)aFRACOUTPLLY)

RHOIXXC I+ L) oFRACOCEYERLIIouTPLISIORB(IIO927300,4)
RHIIYV(I*L)nFRACO(EYECLID +nTPLIJIGRC(INO02/386,4)

Jejel

CONTINUE

00 20 Ie1,20

WeI)edlI)/DELR
RHOIXX{E)oRHOTXXC 1) /DELR
RHOIYY(I)=RHOIYYLI) /DELR
WRITE(7,30) (Wil)sle]l,21)
MRITE(T30) (RHITXX(I),Iml,21)
WRITELT7,30) (RHOIYY(I)yle},21)
FORRAT(7F10.95)

RETURN

CONTINUE

.A’\N{NAL PAGE B
& POOR QUALITH

RECAST MODE SHAPE INTOD 20 EQUAL SEGMENTS

MODENO=NODENG+)
TFIRCOLLEIST) ANELCOLPUNCOR.RRPRIIB) NE.RPUPUN) GO TO 702
00 40 Xe),3

PUNL1,K)eBiX,1)
PUN(21 K )eB(K,)N])
DELR=Z{N1)/720.0

Je}

00 55 12,20
STATOs(I~1)0DELR

CONTINUE

TFL20J+1).6T.STATO) GO YO 50
FLFLZY

IFLZ8I)LT.STATI) GO TO 45
00 47 K=1,3

PUNIIyK)eB({K,sd)

GO TO 55
FRACS(STATO-2(J))/7ZBARLY)

0d 52 Xel,3

PUNTI K)oB(K,J)+FRACH*{BIR, j*1)=BIK,J))
CONTINUE

DO 60 1s1,21
PUNCI»1)=PUNC(I»1)/12.0
PUNCL,2)ePUNLI,2)/712.0
PUN{L1s3)ePUNLT»3)057,2958

FNATaSOMNAT(NGS )
[F(RRPM(IB).NELQ.Q) FNAT=FENAT/RROM(IR)
PUN(22y))sFNAT
TFLM.Ede LIPUN(2202)% 1.
[F(M.EQ. 2)PUN(2242)m~1,
IF(M.EQ0. 3IPUN(22+2)=0.
PUN(2293)e,02
TFUABSIPUN{22510~140)4LECO.05.ANDM.EOQ,?) GN TN 200
62 TO 460
00 450 KNw],22
PUN(XN,3)e0.0
CONTINUE
CONTINUE
1SwaPUN{22,2)
00 600 KKKX®l,2),2
KKKPloKKK+]1
WRITE(T7527) (PUN(KKK,yT)ylo1y3)y (PUNIKNNPL,T)yT0l1,3),NAME,
1 MODEMD,1SW
CONTINUE
RETURN
CONTINUE
PUNCH CYCLIC DETUNING CARD FOR EACH MODE SHAPE

CamD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
caR)

43
(1)
45
4
47
8
49
50
%
52
53
34
59
+ 1
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7
72
73
T4
75
76
7
78
79
80
81
82
83
84
LH]
86

35
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APPENDIX C

IFLIB.EQuL«ANDLISTLEQ.L)D(LsMs MODENT) aSOMNATINPS, N)
TFCIB.EQ.loAND ISV EQ.3)DI2oMs NODENNIaSIMNATINGS , )
1FUI8.E0 3. ANDLIST.EQ.100(3» M) NODEND) e SIUNATINGS, 1)
IFCIB.EQu3oAND.ISTLEQ.INDLAs N, NODEND) o CAMNATINPS, H)
27 FORMATIGF1046,10X16,212)
T CONTINUE
Lal
TF{BLADESs6T42.0) Le3
00 8 IMsl,3
00 8 IJel,b
DS, 1M 1) (RCOLLUII-RCOLLELIIS.S
DUl6sIMs TJ)tRRAPH(I)=RRPN(L1))S,5
IF(IN.EQ.1) ISuwal
IF(IN.EQ.2) ISu4==)
IF(IN.EQ.3) ISw =0
IF (I8 EQa3eAND ISTEQ.3 ANDHODEND.EQ b ANDMEQL3)
INRITE(7,28) (D(IsIMslJddslmlpb)sRCOLLEY,RRPM(2), NANEST I ISH
28 FORMATIGF10.252F5.05160212)
8 CONTINUE
RETURN
END

SUBROUTINE COEF( IA DET, 1IMaX, SQSOM, #p)
COPOBBEIINIIOEER0000200004000408080000000000000090000004808008080800¢
C THIS SUBROUTINE CALCULATES THE DEFLECTION NF EACH STATION
C AS A FUNCTION 7TF DEFLECTIONS AT THE ROTOR BLADE TIP FOR

[Ae]l FOR COLLFCTIVE MODES
IAa=2 FOR CYCLIC MODES
IA=3 FOR SCISSORS ®ODES

DET=.TRUE. USED TO FIND MODE SHAPE FNR XNDWN NATURAL FREQ.

DETe,FALSE. USED TO FIND THE DETERWINANTS NF THE BOUNDARY
CONDITION MATRICIES
FRSE0R00000040000000880050008000000000000000808040080000000080000

COMMON /COMA/ JHUB»NLl,LOT»POUT, ITLE(LO)sNAME, DAY, NPG

[
[
c °
(o [
¢ .
¢ .
¢ .
¢ IMAXeND OF FREQUENCIES TU 8L CALCULATED 4
¢ SQSOM(1 TO IMAX) CONTAINES SQUARES OF FREQUENCIES i
¢ .
3 [
¢ [
c )
(4 .
o .

1y JHUBL,RRPM{10),RCOLL(3)»Z(31) s INPUN, MODPLOTs Ny TRSH +BLADES

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF

COEF

COMMON/COMB/IRCNL)XRCOL (3D, IRPM,CRPN(L0), 2BAR(30),EVEB(30),S8(30),COEF

1 EYEC(30),SCLI0D)sSME3L1)pRBEALIISRCIILIHTHIILIHNT(30)
COMMON/CORD/CHATI525)»SONNATI100,3)s IPLN(100,3), INODE(L10D53)»
1 MM3I,MNS,CT(31),ST(31),1B,18ST»1IBS(3510+3),18E(3,10,3)
COMMON/ H/ VRXL30),VOX(30),VRYL30),F(30)sFTX(30),FTY(30),5X(30),
1 SY(30),0MEGA2,FTH(30)
COMMON/ COMJ/7 KIPoNIP,KOPsMOP)KBETASKPSI,KTyKC
COMMON /HINGES/ LCHpLCHPL,LFH)LFHP]L »CHOFF,FMOFF,FCHpFFH
1 »RPMPUN,COLPUNSLPH,LPHPL,PHOFFsFPH,y Lots
CUMMON/COMT/ EYB(31),EYCU(3LI,EYR{IL))EMRBI21),ENRC(31),ENRR(3L),
1 EMRX(3L1),EMRY (1), EMBBWIIL)»EMPPW(3L),THHO(31), ERBPW(3]L)

COEF
COEF
COFF
COEF
COEF
COEF
COEF
COEF
COEF
COEF

COMMON /COME/ 28(€155), IX(155), 2Q(155), ZL(135), IS(155), IYV(155)COEF

®,IN(15%), 2041550, ZH(155), IT(155)

REAL KIPyMIP,KOP,MOP,KBETA,KPSI»KT,KC
LOGICAL DET, TRSN

DIMENSION SQSOMUL1)»PP(2),IPIVOT(5),1IWK{10)

C CALCULATE DEFLECTION COEFFICIENTS ¢

00 220 Ilel,IMAX

SOMSeSOSOM(L])

SOMSYesSONS+OMEGA2

IN(1)eSONSY*ENBBWINL)

IQ(1)eSOMS®EMBPWIN]L)

COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
12%
120
127
128
129

O®NOCOP I WN-



120

130
135

APPENDIX C

IR(3I2)=SORSYCERBPUINDL)
TACI2)eNNSOEROPU{N])
T0(63)eSUNSYOSNIN])
2T{63)aSUMSYSENRY (ML)
IN(I)e=UPEGA2OZ(NY)SENRL N])
TAU0&)m=(IMEGA2O2(N] )SEMRY(NL)
L( 96 )eSONSEFMRY(N])

IDC 94)sSOUSYSEMRY (N])

TVC 94)sSORSSEYRINL)+IREGA2OTHHOINL)
TLEL25)aSMINL)OSONS
TTC125)mSONSeEMRX (NL)

00 135 uele5

TFCLNUTLTRSN LAND, JJEQ.4) GO TO 135
MaN]

Llege31=-30

00 130 1le2,N1

L2st)

Listle]

Mala)

I0VTU=ZBARIN)Z2,0
TSASKeZBAR(M) ¢ 2/6,.0
VSHEAR=ZLIL2)~F(NM)O2B(L2)
HSHEARSZDIL2)-F(M)S25(L2)

DHoNT{# )¢ (HSHEAF®SY () = VSHEARSSX(N) o FTY(NIOZS(L2) + FTX(N)e

ORIGINAL PAGE
OF POOR Qumv]{rs

1 280L2) + 2HIL2DOSXIMIOFTHINY « 2TIL2))
DBa=ZUVVTOe (VMY {M)SYSHEARSVMNX(M)SHSHEAR) - VHY(M)E2M({L2) ~ VMX(M)® COEF
1 290L2) = ZHCL2)CCFTYINISVMX(N)eFTRIN)OVRY(R)I=TOVTOSFTHINISYNY N} JCOEF
DSe=ZOVTUS (VAX(M)OVSHEARCVQAX(MISHSHFAR) ~ VNXIN)OZR(L2) - VOX(N)® COEF
1 20412 = ZHILZ)SIFTY(RIGVOX(M)SFTR(M)OVHX{N)=-2OVIOMFTH{ MISVNX(N) }CDEF

DYsZSQSXO(VMY(M)LVSHEARCYNX(M)SHSHEAR) ~ 2BARIN)OZB(L2) + VNY(N)®
¢ IHIL2VSIFTY(N)*ZOVTO*VNXIN)

1 2OVTGOZN(L2) ¢+ VAX(M}OZOVTDe2Q(L2)

2 *FTX{M)I2IVIOOVIY(MI~FTHIM)IOZSQSXOVAY(RI) » SY(N)*DH

DX@ZSASXO(VOX(MISHSHEARSVMX (M) CVSHEAR) ~ ZBAR(M)OZISIL2) ¢ VNX(M)e
1 LOVTOSZM(L2) ¢ VOX(MIQIOVTOZAIL2) ¢ ZHIL2)I*(FTYIM)eZOVTOeVAX(IN)

2 *FTXIW)CZOVIOPVAX(M)~FTH(R)OZSQSXOVNX(N)) = IY(N)eDH

TF(RL He©.EQ.2.0) GO TO 120

lF(FHL4 P.EQ.0.0 o‘NDnCHOFF.E0.000’ Gg Tq 120

IFEZ(") LT.FHOFF) DBe=2B(L2)
TE(Z(N)LLT.FHOFF) DYe=2Y(L2)
IFC2(N)+LT.CHOFF) DSe=25(L2)
TFCTUN) JLTLCHOFF) DXa=2XLL2)
I8(L1)=28(L2)+08
ISCLL)eZ5(L2)+0S
TY{Ll)=ZYL2)00Y

IXLLL)wZX(L2)4DX
THILL)=ZH{L2)+OH

TLALLDOZL (L 2)+SONSO(ERRXIN)CZH(LL DeSHIMIOTY(LLY)
Z0CLL)oZD(L2)¢SOMSYS(ENRY(MI*ZHILL)OSAIN)I®ZY(L]))
TRALLISZN(L2D+F(M)IODY+ZBARIMICILIL2)+SONSYS(EMBPUWI(MIOISILL Y +ENOBUWICOES

1 MIGZACLY)I=0ONEGA20Z(N) GENRX(M)O2H(LL)

COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF

COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
COEF

COEf
COE"
COEf
COEF

COEF

ZO(LL)SZQUL2)OF(M)ODXCZBARINISZIDIL2)+SOMSE(ENPPUY(N)IOZSILL)SEMBPHINCOEF

21028{LY))=OMEGA2S2IM)OEMRY IN)SZHILY)

ZTALIIO2TIL2)+FTHIRDISDY+SONSYCEMRY (M) OZXLLL ) +SONSOENRX(NIGOZY (L)
2 *(SONSOEYRIM)+OMEGA2¢THHDIN))OZN(LY)

CONTINUE
CONTINUE

C CALCULATE RODT CONDITIONS PER INDIVIOUAL TIP DEFLECTIONS

¢

LeNl=-31

DO 200 J=1,NH5

Lel+3]

IF(,NOT,TRSN) GO TO 193

TORSION COMPONENT BOUNDAR. CONDITION
CHAT(S)JIeIT{L=LPH)=FPHOLZT(L=LPH)=2T(L=-LPHPL))=KCO(IH(L~LPH)=FPHOCOEF

LEZHIL=LPH)=THIL=LPHPL1)))
GO0 Y0 197

193 IF(JsEQet) Lol+3]

COEF
COEF
COeF
COEF
COEF
COEF
COEF
COEF
COEF
COEF
cotr

COEF
COotF
COEF

a2
43
L1
45

&7
40
49
50
L2
%2
33
54
35
56
57
5K
59
60
61
62
63
64
65
(1
o7
68
69
70
71
72
7>
74
75
76
77
78
79
80
81
82
83
84
85

86
87
88
89
90
?
92
93
9%
9
9%
97
98
99
100
101
102
103
104
105
106
107
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APPENDIX C

197 CONTINUE COEF
LFUIA=2) 470,520,000 (o 1133

400 CIONTINUE COEF

C  BIUNDARY CUNDITIONS FOR COLLECVIVE MODES COEF
CHATLL o2 L (L )=(KDP=SONSoNOPIETY (LY COEF
CraT(2,53) o 22tL) COEF
CUATt3,d) = Z8LL) COEF

CHAT G )o2QUL)=KTO2S (L) COEF

63 10 200 COEF

500 CONTINUE COEF

C BOUNDARY CONDITIGNY FOR CYCLIC MODES COEF
CUAT({1sd) = 2Y(L) COEF
CMAT(2,J)020tL)=tXIP=SONSONIP)O2XLL) COEF
COATU3»J)eZN{L)-RBETAOZA(L) COEF
CHAT(&sJ) = 251tL) COEF

65 12 200 COEF

600 CONTINUE COEF

¢ 8JUNDARY CUNDITIONS FOR SCISSORS MODE COEF
CMAT LA )oY L=LFRI=FFHOLZYIL-LFH)=2Y(L=LFHPY)) COEF
CHAT(25d )0 2X{L=LCH)=FCHO{ZXLL-LCH)=2X(L=LLHPL)) COEF
CMAT(3s9) = 28¢(L) COEF
CRAT(AJ) = 28(L) COEF
IFITRSN (aNDe BLADESEQ. 2400 COEF

1 CHATE S 2o ZHIL-LPHI-FPHO{ ZHIL~LPH) =2ZH(L~-LPHPL)} COEF
TFCFHIFFoGTa040) CMATL(3pJ) o2 M{L=LFHI-FFHO(IN{L=LFH)=IN(L=-LFHPY))} COEF

1 =KBEVAS(23LL=LFH)I=FFNO®(IBLL=LFH)=ZR(L=LFHP]1)})) COEF
TFICHOFF.GT 0.0 CRAT (A J) @20 L-LOHI=FCHOLZA(L=LCHI=2QLL=LCHPL)) COEF

1 «XPSIOL2S(L=LCHI~FCHOLISIL=LLHI=2S(L=LCHPL))) (4: 133

200 CONTINUE COEF
IFIOET) RETIRN COEF

CALL MATINVUS:MM5 ,CNAT,0+888,0,0ETERY, ISCALE,IPIVOT) IWK) COEF
PI{ITIMeDETER™®]1Q, 0001000 SCALE) COEF

220 CINTINUE COEF
RE TURN COEF

END COEF
SUSROUTINE INPTI(FLIST) INPT
COORAO R 0000020300000 0200 0020080800800 00000¢¢ 200000000 00000000 INPY
C TH1IS SUBRIOUTINE READS INPUT DATA INPT
COPBO8 00002000088 000080000000300300000000000000800080000080009 INPY
COMMON /COMAZ JHUBSNISLOT,POUTSITLECL1O0) s NANE, DAY, NPG INPT

1o JHUBL,RRPU(L10IRCOLLIIDILZEIL D2 INPUNMOOPLNT,N, TRSN,BLADES INPT
COMPON/COMB/IRCOULPXRCOLIIVS IRPHHCRPHM(I0)) 7BARIIONSEYEB(IONSBLI0)2INPY

1 EYECU30)SCU301,SMEIL1I,RBE3LIPRCIITIILTHIILIIHNNT{IO) INPT
COMMON/CORC/oTPLI3YYHLEIBL30)HEXCL30),GI(30),THD(3]) INPT
COMMON /HINGESZ LCHsLCHPLILFHsLFHP) oCHOFF,FMOFFFCHaFFN IN®T

1 »RPHPUNSCOLPUNSLPHLPHPL,PMOFF,FPH) Lovs INMY
COMRON/Z COMJYZ KIPH)MIP)XOP,MIPKBETASXPST)KT,)KC INPT

REAL KIPyMIP,KOP,NOPIKBETA)XPSI,KT,KRC INPY
LOSICAL LTWS, LOT, ¥OUT» TRSN,LOTS, %ODPLOT, INPUN IN®T
DIMENSION M{b) Inrl

NANEL ST ZINPUT/ NANESKTINOP,RIPKIP)KOP,KBETA,XKPSI, INPT

1 CaRpJHUR P ATIBAR)TWIST»BLADESsCHORDSCHOFF o FHOFFsPHOFF»PLAST, JRPM, INPT
2RRPH, IRCOLIRCOLLSZPEIBEICIWIPLITHOLEYEBSEVYECHGJ»SBy SCHRB,RE INPT

DATA CVR/040174533/ INPY

c INPT
¢ READ PROGRAM DPTIONS CARD NPT
c INPT
10 READ (35,901) M INPT
Q0L FORMAT(AG,OXo A0 6XsAG,OXsAM0Xs AG»OX) AL) INPY
TFLEQF(5)) 320,30 INPTY

30 CONTINUE INPT

K s ( INPT

198
109
110
11
1R Y
113
114
115
11¢
117
118
119
120
121
122
123
124
12%
126
127
128
129
130
131
132
133
134
139
136
117
138
138
140
14]
142

& W

o® ~wOo Vv

10

12
13
16
1%
18
17
18
19
20
21
22
23
24
23
26
27
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®ODPLOTe FALSE.
LOTSe FALSE,
LOT s FALSE,
®JUT » LFALSE,
INPUNB , FALSE.
TRSN = LFALSE,

00 303 iadse ORIGIVAL PAGE Is
. - K Ks o,
AP POOR QUALITY ~

TFEM(1)EQ.“HNDIDE) POUTe TRUE.
TFAM(I)LEQ ohALLY) LOTSe,TRUE.
TF(P(I) cEQ.4HALLM) POUTe.TRUE.
TFINCI)JEQ. 4HPLOT) LOTe, TRUE.
TFC(MCI)EQ 4HPUNC) INPUN=,TRUE.
IF(M(TI) JEQ.4HTORS) TRSNe,TRUE.
TFUM(I) EQ.4HNLTH) LTWSe . TRUE,
TFCMUI)oEQ.4HSHAP) MODPLOTe,.TRUE.
CONTINVE

IF(K.EQ.0) GO TN 319

IF K = 0 N0 INPUT SELECTED
K e} READ IN DECK
Ke -1 READ NAMELIST
NP Ge0

1F{K.EQ.1) GO TO 20

READ CHANGES TO PREVIOUS ZASE BY NANELIST INPUT

20
902
904
905

55

144
140

READ(S» INPUT)
NlsNe}
60 TO &5
READ INPUT DATA DECK
CONTINUE
READ(55902) N ME, (ITLE(1)»101,10)
FORMAT{1694X,104¢)
READ(59904) KTH)MOPsMIPIKOPsXIP)KBETApXPSI,X(C
FORMAT(3F10.0)
READ(5,905) Ny JHUBsAZBARs TWISTsBLADES,CHNFF)FHOFF, PHOFFsPLAST
EORMAT{ 2155 6F5.0s F1Cs )
READ(5»2) IRPMy (RRPMIL)yle]l, IRPN)
READ(5,2) IRCOLP(RCOLL(ID»I=1,IRCOL)
FORMAT(.5,10F5.0)
NlsN+l
1F(AZBARLED.0.0) PEAD(5,904) (2(1)s1m?sN1}

READ(%5,904) (EIB(I),I=1l,N)
READ(5»904) (EI {(I),slel,N)
READ(5,904) (WTPL{1)sIml,Nl)
TFCLTWS) READ{5,904) (THD(T)s1e1lrN1)
READ(559064) (EYEB(L)pIslpN)
READ(55904) (EYEC(I)sIm1lsN)
READ(52906) ( GJ(1),1m1,N)
READ(55»904) (SB(1), [=sl,N)
READ(5,904) (SZt1), Lle1pN)
READ(59904)(RB(I)»1n)yN1)
READ(55,904) (KC(I),Im]l)pN1)
JHUBLs JHUB+]

T61Y=0.0

TFLAZBARLEQ.0.,0) GO TO 140
DO 144 Jel,N
L(I+1)mZ(1)+AZBAR
IB8AR(I)eAZBAR

CONTINUE

60 V0 145

CONTINUE

00 147 [el,N
IBAR(I)2(I+1)=-2(1)

NPT
INPT
INPT
INPT
INPT
INP,
INPT
INPT
INPT
INPT
INPY
e
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INFT
INDTY
INPT
INPT
INPT
INPT
INPT
INPT
INe~
INPT
INPT
INPT
INPY
INPT
INPT
INPT
INPY
INPY
NPT

INPT
INPT
INPT
INPT
NPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPT
INPY
INPT
INPT

28
29
30
E}Y
32
33
34
35
36
37
38
39

41
€2
43
46
[}
(Y]
&7
48
49
50
51
¢
53
54
55
56
57
58
59
60
61
62
63
64
-3}
[.1.)
67
L]
69
70
71

72
73
T4
75
76
7
78
79
80
81
ee
83
84
85

PT
88
89
90
9
92
93

39
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147
1435

150

151
160

165

319

321
320
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CONYINuE

CONTINUE

IFILYNE) 6D TO 100

00 150 le=l,dHU8l

THOt(1)=0.0

TURATETULISTZ2(N])

00 151 leynysl,n
THOLI*1)=THOLI) e ZBARLID*TURATE
CaNTINUE

09 165 lel,N}

THLI)eTHD LT IOCYR

TFUINPURD CALL CARDSEN,MODENO,NPS,8,0)
capL Stamy

RETYRN

CONTINUE

e iTEle»321)
FARMATL QYo THME ITHER DECR OR MARELLIST INPUY QPYYONS SELECTED
ConTinNuE

CALt CALPLYILO0.0+»0,0,999)

Sror

€END

SUBRAUT INE PLOUTLPLAST)

CO000000000000000000080000000008000004
C THIS SUBRDUTINE PRODUCES FAN PLOTS o

Coeos

20
30

0000080000000000000030088000800000
COenOn 7COMAZ J1UBN1-LOT,POUT, ITLECLO), MARE, DAY, NPGC
LedWUS Lo RRPA{LOI»RCOLLEDIISZUIL) » INPUN,RODPLAT, Ny TRSN,BLADES

tuey
1141
11124
ey
INPY
ney
1L 14
ney
iNeY
0124
ney
(L 141
ney
INPY
et
11121
(121
et
(141
NPT
(121

PLOV
*LOU
Loy
rLOV
PLOV
PLOV

COWMIN/CONB/IRCIAL>ARCOLUID o IRPALCRPIILNDHIBAREIODLEVER(30),S8U30),PLOV

1 EYECU(30)oSCL300o5R0310oHBEILNoRCAITILTHIILI,WTL30)
CONRON/ZCORD /CRATLS+5)»SOPNATI100, 33, IPLNE100,3),IN0DEN10043),
1 MR ReSCTEIL ) STEILN o LB LSTHI8S(3010030,18E83,1053)
L0GICAL TRSN

ODINENSION XN(&),VYRLS)

IS12€Ee}

CALL CALPLT (0459040 ~3)

ANL1)=0.0

ARL{2VRRPACIRP®)100,

ANAR = &,

KNINe ,S5¢IFIX(I0,.1~XRAXD®,S5)

Xn{3)=0,0

IRPACSRRPNLIuPN)

00 20 1Y¥e1,10

TFULIYeZ00-1RPNC).CT.0) GO YO 30

CONTINUE

CONTINUE

IF(IV.E0.3 .OR, 1Y.EQ.6 OR, IY.EQ.9) 1Velvel
TFCIVLEQLT) 1YelYel

XN{4)e]1Ye50.0

YR{lliel.0

YR{2)ePLALY

NAXYSHINOCO, IFIX(YN(2)0.0120.9)-IFIX(YN{1)e,)140.9))
YHAX®HAXY

YRAt3)}=0.0

YRlAYe4 0XN{4)

00 435 1e1,3

IFLIuNE.3.AND.BLADES,NEL2.0) GO TO 439
NBLu=B_ADES

CALL AXES(XA N, 140090.,00 YRAXSYN(3))YR(4}»1.020.0,
121 4NATURAL FREQUENCY,CPN,0.15,21)

Ca_l CALPLTI0.051,.2%,-3)

L0V
PLOU
Py
LoV
oy
PLOY
LoV
Mo
1 28:,1]
LoV
rov

Lo
rPLOY
PLOV
rLOV
PLOV
rLOU
PLOV
rLOV
FLOV
PLOY
*LOV
PLOV
PLOV
rLou
Loy
PLOV
48]
rLOV
PLOV
PLOV
PLOU

TFC1.EQel) CALL NOTATE(Y.7r0.104YRAX, 125, 15HCOLLECTIVE RODESO.025PLOV

n

POV

%
9%

917
%

100
101
102
103
10¢
10%
106
107
108
109
110
11
12
113
114

- g
NErOOBNGVE WM

o
-

.

o o gt g
NV

19
20
21
22
23
26
25
26
27
28
29
30
31
32
33
34
3
36
37
38
39
40
41
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IFQL.EQ.2) CALL FOTATE(3.900.100YMAY, 1255 LHCYCLEC MODE,0.511) POV &2
IFCI1.EQ3) CALL NCTATE(3.850.100Y0AY,,125513HSCISSORS MODES 04013} FLOU 43

CETR3I 96~.2548FLDAT([RCOL) PLOL A
CALL NUTATELCET B 55,10 17HRIOY CILLECTIVE =59,,17) PLOU 45
CEToCET+]1.657 PLOV 46
DO § JelylRCOL [4%: TNy 4
CALL NUNSERICET, 8.% o1p RCOLLUJ) 0.0 1) PLOV 48
CETeCET e, 429 PLOYU 49
IFEJ.GELIRCOL) 60 T2 5 Moy 50
CALL NOTATEICET»Bo59.101Hs9 0.0 1) PLOV 51
CEV=CET+.006 ORK;INAB PAGB B PLOU 52
CINTINUE OF POOR QUALITV PLOV 53
CALL NOTATELCET+8.52 .10 4HDEG.2 0.0 5) PLOU 54
TIF L NOT.TBSN) GO TG & PLOU 55
Catl PNTIPLT(2.3650.85,3,1812€) PLOV 56
CALL MOTATE(2.9358.8050.157HTORSION:D.0,7) PLO" 57

& COMTINUE PLOYU 58
CALL PNTPLT(2.3659.0%5,201512€6) LoU 59
CAlL NOTATE(2.6309.001511H40RIZ PLANESO.911) PLOU &0
CALL PRNTPLTI2.36,9.2551,1812¢8) PLOV &)
CALL NOTATE(2.7659.20.1510MVERT PLANE,O0.»10) PLOV 62
CALL NOTATE(2.2559.%49 . 121 7THSYN NAX ANPLITUDE,0.510) PLOU &)
CALL CALPLT(2.2503.37%2) PLOU 64
CALL CALPLTI2.49,9.375,2) PLOU &5
CaALL CALPLT(2.6899.375223) PLOU o8
CALL CALPLT(3.7769.375,2) PLOU 87
0D & XKe1,10 PLDU 68
XX=2.00(KK-1100.58 . PLOU 69
CALL NOTVATE(XX59.800.1» ITLEIRK)0.0006) rPLOUV 70

& CONTINUE oY N1
CALL NMOTAYE(2.38510.000.15»33HCOUPLED BLADE NATURAL FREQUENCIES,O0.PLOV 72
10 33) PLIY 73
X®ANEeNANE PLOU T
CALL WITATELD0.95104000.154HCASENOLD»b) Pov 75
CALL MUMBER(1.05106.000.1,XNANES0.050) PLOV T¢
CALL NOTATE(7.435,10.005.1,30M1 150.»10) PLOV 7
CALL YOTATEL7,456010.000415DAY 20.09) PLoOU 78
CALL CALPLTIXNING=0.2%0~3) POV 79
CALL AXES(.05.00.0sXNARXNE3)p XN(4)01ar s ISHROTOR SPEEDSRPN, .15, PLOU 80
1-15) PLOU 8]
00 200 IFFel,8 PLOV 82
YSPOT=IFF PLOU 83
IF(I.NELL) GO TO 210 PLOU 84
THIS PATH FOR COLLECYIVE MODES PLOV 85
IF(PODLIFF,NBLD).NELO) GO TO 210 PLOU 86
G 19 236 PLOU 87
210 IF(I.NE.2) 69 TO 220 PLOU 88
TMIC PATH FOR CYCLIC MOOES rLOU 89
JFIRODIIFFoNBLD).EQ.0) GO TD 220 PLOU 90
62 T0 236 PLOU 9]
220 IF(1.NE.3) GO T3 200 PLOY 92
THIS PATH FOR SCISSOR MOOES PLOU 93
236 CONTINUE PLOU 94
PLOU 95

PLOTY 1» 2, 3 PER REV LINES ON PLOT PLOV 96
PLOU 97

XPOSaXMAX PLOU 98
YPQSeYSPOT PLOU 99
IFLYSPOT.LE.YMAX) GO TO 235 PLOV 100
YPOQSeYMAX PLOV 101
XPOSeYPOS/(0.25¢YSPOT) PLOV 102
235 CONTINUE PLOU 103
CALL DASHLN(0.0,0.0,XP0OS,YPOS »0.2) PLOU 104
CALL NUMBER(XPOS,YP(0S-0.05,0.1,YSP0T50.0,~1) PLOU 10%
Ca. NOTATEIXPOS+0.0857,YPOS~0.0550.194M/REV,0,0,4) PLOU 10e

CALL CALPLT(0,0,3) PLOV 107
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CONTInuE

PLIT ROTOR NATURAL FREQUENCY
D0 410 1am]lstIRPN
DO 410 iSTelslacet
JlelagticT, It 1)
J2oIBELISTo 18, 1)
1FLJ2.17.410 GJ TO &10
23 400 JedleJ2
Ke[PLNEJ, 1}
YaRRONLIA)IXN(SI=AR(Y)
YoSOMNAT (I 1D /7%(4)-YRLY)
CaLl PHTPLTLX.Y R, IS1Z2E)
CONTINUE
CONTY INUE
CALL CALPL TR, 0«aN]INs~].0p~))
CONT InuE
CALL NFRANE
RETLAN
E%D

SUSRIUTINEG STaeT

CO0S0 0000600000000 00080080080030000000000000008200000000008000000

C
c

Tuls SUSRDUTINE PalaTS OUT IndUT 0aTa a%D RECASTS DaVa TO

LURSED RASS AT STATION SOUNDARY REPRESENTATION

00008000000 0000000004000080000808000000000005000000000000000000¢

[a N al

11

750

avte
ars

COuNNN 7CO%A7 . 0oN1sLO0T,POUTHITLECLONaNANE, DAY, NPG

1o JHUSL REPA(L0D¢RCOLLEID L ZEIL D5 INPLN, NNOPLOT N TRSN,BLADES

rLou
o
"o
rnov
Loy
"o
LoV
rnoy
Mov
rLOV
(481
oLOV
POV
"o
PLOV
nw
PLOU
PLOV
LoV

sTan
$Tar
STam
STan
STag
STar
STar

CIPIN/ICAPAZIRCIL HRRCOLEIITRPR,CRPR(TI0V. INAR(IDILEVED(I0)+$S8130),STAR

I EVECHIO0N ZCE300oSPE310,RBEILBARCUIITHINIIWTIZO)
COMMORY CLNCYZ STPLEILICETREI0DLEICEYOIoRILIONLTHOLIL?
CINPON JHINGESY, LUMpLIMPLIILFNpLENP] s CNDFELFHOFF o F N FFN
1 o RPIPUNSC ILPUNLLPHMLLPHP L, PNOFF E P, ({1 b 1
COMNs CINSZ CIPRIC,HDP NP X BETALXPST AT,

CIMPMN/CONT7 EYSUILIoEVCUIRDISEVRIDILIVoFIRALILILENRIL2LIVHENRR(3L )

1 ENAINHENRAVLIL NS ENBEUEILD 2 ENPPULIL ) THNNLIL D, EMBPULSL)
REAL KIPMIPoROPoNOPRBETASNPST KT LRC
LOGICAL TR3N
DINENSION (F(30)
DATA CVRyCVRPS/ 0.017453300.1047194/
ReZiNl)

IPRPYNSRGP( [RPN)

IFCIRPR,GT.2) RPRPUKSRRPM{IRPP-])
CJulPUNeRCOLLEIRCOL)

IFEIRCCLLGT2) COLPUNSRCOLLIEIRCOL-1)

COMPUTE BLADE ANGLE AT END OF EACH SFEGMENT RCOLL IN DEGREES

XCOL IN RADIANS
D3 7 0 lelslIRCOL
YRCOL(T)eRCOLLEL) OCVR
00 750 lel,icpn
CRPACI)ePRPR(I)SCYRPS

COMPUTE BLADE STATION FOR SLAPPING HINGF, CHORDWISE MINGE., AND

PITCH HORN COFFSET
“Unle0.0
J0 874 I= )N
Kel
SURNZeTURZ e ZBARLD)
IFCSUNZ.GT.PHOFF) GO TOQ 879
CONTINYE
CONTINUE
LPMPLeK
LPHex~]
FOHR (PHOFF~SURZ¢IBARILPHPLII/IBARILPHPY)
3UNZe0,0

STam
Stanr
STaR
STaR
STan
STaR
STanr
sTan
STar
STaR
sTar
STanr

STar
STAR
STan
STaRr
stan
STar
STAR
STar
STAR
STaAR
STar
STar
STaAR
STAR
STAR
STAR
STaR
$TAR
STAR
Stan
STAR
STAR
STAR

OB®NO LW
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00 876 lel,n N stae
ks] ORIG STan
SUNZeSUNZeZoARLTY ‘R“JINAL PAGE I8 STan

15 CSUm2.6T.Fn0FF) 6o T o727 ' POOR QUALITY STae

SPe CONTINUE STar
07T CONTINUE stae
LEuP ek sTar
LFMek=] stan
EFNOIFNOFF-SUNZe2BARILENP L)) F2BARILE4P]) sTaR
SUNZ=0.0 sSTaR

00 978 Isl,n sTar
Ref STae
SUNZeSUNZeZBARLE DD sTaAR
IFFSUNZ.CT.CHOFF) GO T 079 sTAR

878 CORTINUE sTar
879 CONTINUE STan
LCNPL ek STam
LCMeR~1 sTaR
FCHO(CMOFF-SURZeZBARILCHPL D) F2ZBARILEHPL) STAR
CONPUTE CENTRIFUGAL FORCE,BLADE MATS,AND SLADE FLAPPING IMERTIA STaR
FLPINTouTPLINL)*(R-FHOFF) o082 star
TOTRASeuTPL INL) StTan

00 85 lel,% STaR
CFLl1120.0 STaR

00 07 [J=l.w sTaR
CRUIIeCFLIDeNTPLETINOISARLLIIISCZITIICZITIO1NNG,S sTar

87 CONTINUE sTan
CEUIItCFUIIoNTPLINLIOR)IOCYRPSOCYRPS /386, 4 stae
IFCI.LE.LFH) GO TO oS STaR
TOTRAS=TOTAASSUTPLL T2 ¢2BARCT) STaR
FLPINToFLPINTotu)PLETIOZBARIIIO(ZCINZCI+2)-2 . OFHOFF)902) /4.0 sTaR

83 COMTINUE STaR
FLPINTaELPINT/(32.20144.) sTAR
PRINT SUT INPUT o STAR
NPGONPGel STAR
VAITE(6»905) NPG) DAY, NARE, (ITLE(IDpJn1510) sTaR

905 FORMAT(LNL, 18X, ¢HPAGE I3, 25K, 34HAYKLESTAD ANALYSIS  ASA TM 78670 STAR
1 225X, A10,7/710Xs5HCASE »16523X,10467) STAR
WRITE(5,900) sTaQ

D0 904 I=1,N STaR
WRITEC6»910) ToZBARCIDSEIBCIDoEXCLIDoNTOLET)oTHOLE), SFUTDSEVEBIL)»STAR
LEYEC(I),RB(T),RC(TD STAR
910 FORMAT(IA,FB.2,2E11.4sF8.0,F8.2,E1108s 1%, 2E1344529X,2F0.3) STAR
IF(.NOT.TRSN) GO TO 904 STAR
WRITE(6,908) GJ(I),SBILD,SCLI) STAR

908 FORPAT(1Heo 07X, E13.4,2F8.3) STAR
906 CONTINUE STAR
WRITE(6,909) WTPLINL),THOCNL)»RB(N1),RCINT) STAR

909 FORMAT(3Xo3NTIPs27XsF904rFB8.2507X,2F8437) STAR

906 FORMAT(OXsOHSEGHANT, TX,8M El PN SHUT/Z INGAX)SHTWIST)SXpa4HCoFopr STAR
1 10X,3MIBB, 10X, IHICC, 08,84 GJ 23N 12HSHEAR OFFSETH»6Xs11MC.6. OSTAR
ZRFSET/TXo OHLNTH 6 X 4HBEAN, SXpSHCHORD, 1IN, 6HIINBD ) s 4N, 6HIINBD) 44X STAR
35 0HBEAM, 4 X» SHCHORD» IXy HBEAM2 3Xs SHCHORD/ZTX9 &M INsOXplaNe= LB-IN®O®STAR
42 == S3Xs5HLB/INS SRy IHDEGH IXs FHLB/RPNEO2, QX 1SHIN-LB~-SECP®2/ N, BX,STAR
SBHLB~ING®2, 5K, 2HINs OXp2HIN, 6Xp 2HINH HX 2 2HIN) STAR

WRITE(G6,882) BLADES,Ry TOTMAS,JHUB,FLPINT STAR

862 FORMATCIOXsF8.0s7H BLADES,» 18X, 6HRADIUS)FB 293K IN» 25X, 12HBLADE WEISTAR
1GHT»Fb.203H LBZ7I0X,18,13H HUB SEGMENTS,S4Xo)1O0HBLADE FLAP INERTIA ,STAR
2 FB.2911M SLUG=FTee2}) STAR

WRITE(62883) FHOFF,KBETA,MOP)KOP»CHOFFyXPST o MIP, KIP)PHOFF yXCHKT STAR

883 FORMATUILIX,13HFLAP HNG OFSTs»FB8.2,3H INsSX,11IMFLAP SPRINGE9.3:10H ISTAR
IN=LB/RAD»SX, 16HMUB O.P. INERTIANFO.3513M LB=SEC*®2/IN,5X, STAR
2 IAHHUS OoP. STIFFPEQ.356H LB/7IN/LIXpY3INLAG HNG OFST »F8.203M [Ny, STAR
I5Xs11HLAG SPRING HEQ.35104 IN-LB/RAD!SX,16HHUB [.P. INERTIA,FO.321STAR
O3 LB=SECO®2/IN»S5XpJ4eHHUB JoPs STIFF,EQ,3,6M LB/ZIN/LIX, 15HPITCH HORSTAR
SN OFSTyF6e2s3H INsSXo LIHCNTRL STIFFrE9,. 2, 10H IN=-LB/RAD/25X, STAR

90
91
92
93
94
95
96
97

99
100
101
102
103
104
105
106
107
108
109

43
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O LTHRAST TOIRSION SPR 2E9.Y:100 IN-LBZRADS) STan

€ CALCULATE COEFFICIENTS INDEPENDENT OF COLLECTIVE ANGLE AND ROTOR RPN STAR
0 YOS le2,n STAR
SEGINSO SOuTP (I-1302BAR(I-101/2380,.4 STAR
SEGOUT=0 . SouTPLIIIOZBARLLI) 7300 .4 $tTar
SNELISSEGINGSEGOUY STar
ENRBLLII0SEGINORALI-)eSECOUTIREL]) STan
ENRCLIIeSEGINORCLLI=2)eSEGOUTORCHL) STar
EnRREIVeSEGINORS(I=1)ORCLI-2DOSEGOUTORS (I VORC (L) STas
EYBCINC0, SCIEVESLI~LIOZBARLTI=-))CEVYERITIOTRARITII)oSEGINSIZBARIL-]1) STAR
1082/12.00RB{[<101002)+SEGOUTS(I8ARLLI®42/7]12 . 0enB(])002) STax
EYCUINOO SOLEVECII=)O020ARTIT-)DeEVECLIIOZBARITII) oSEGINOIZBAR(L~]1) SR
1002712, 00RCLT=1)002)+SEGOUTO(ZBARCIN®S2/7]12,00RC{])002) STar

305 EYRCIVOEYRUIVEVCUID=(SEGINOTAARII-1V002+SECNUTOLSARLLD®2)/06,0 STAR
$SH(1 0. 504TPLLLIO2BAREL /D88, STae
SHINLD O, S0TPLUINICGZBARIN) 2386, 4 STar
EnasildeSnildons]) STar
EURBINL)IoSHINLIORAINDIAMTPLINLIORBINLYZ300,.4 STaR
ENRCEL)eSNILIGRCL)) STar
ENRCINLIaSAINLIORCEINIGNTPLAINLIORCINLD/ 3804 STaR
ERARLLII=SA(LICRCLLIORBL) STar
ENRRINLICSNINLIIORCINIORBIN) WTPLINIICRC(NDLIORBINLI /3804 star
EYRLLDn0 SO LEYEBILISLBARLLIIGSNILIGIINARILIV002/12.0¢R8(1)002) STar
EYBINL)I =0 SO LEYEBINIOZBARIND JeSNINLIICIRNBINISO24ZBARINGG$2/7]12,.0) STar

L *uTPLINLDIORBINLD®C2/3006.4 STan
EVCELIG . SCLEYECLLIOZBARILDIISNTLICIZBARILYI®O2/7]12 000 L1)002) STAR
EVCEN] IO SOLEVECINIOZBARIND IOSNINLICIRCINDIGO242BARIND®2/12.0)+NTSTAR
IPLUINLDIORCINL)OS2/3806.4 STaR
EYRILISEYBULIDCEVYCILI~SNILIOZAARLLN®®2/6,0 STaAR
EYRINLICFYBENLICEVCEINII=SNIN])*IBARIN)CG2 /4,0 STanr
SH{NL)=SHINL)+NTPLINLI/306.4 S$TaR
RETURN $TAR

END STAR
SUBROUTINE SUnRY sSumrn
CO000000 0000000030020 000000800000000000800000:¢00300000000000300 Sunn
C THIS SUBROUTINE PRINTS OQUT A SUNMARY OF NATH WAL FREQUENRCIES ¢ Sunn
COO0000 003080000000 0000000000000000002040080000000000900000000000 sSuUnn
CONNON ZCONAYZ JHUBNL L OT»POUT» ITLEILDY NAME, DAY NPG Sunn

Lo JHUBL»>RRPR{LIOISRCOLLIIIZ(ILD» INPUNSNNDPLOT o Ny TRSN) BLADES Sunn

CONMON/COMBZIRCOLIXRCOLEIIp IRPR,CRPNEL0)» ZBARIIODILEYED(30),58(30),5UNN

1 EYECUI01,8SCU301,SNE32)sRBEITISRCE3IILTHIILI,WT(3C) sunn
CONRLN/ZCONDZCHATES,5)>SONNAT{200,3), 1P NC100:3), INODE(L0Qs) ) Sumn

1 AR3LARS,CTIILI»ST(3L), 108, 1STo 18503510530, 10E(2,10,3) Sunh
CONMON /7HINGES/ LCHpLCHPLILFHyLFHPL »CHOFF FHOFFFCHs FFH Sunn

1 sRPAPUNSCOLPUNSLPHSLPNP Lo PHOFFFPNH, LOTS Sunn
DIMENSION PLNE(4) sunn
DATA PLNE/OHVERT ,oMHOREI ,6HTORSN o+ 6N ! SUnn
NPGeNPG*) SURN
MRITECG»901) NPGLOAYSNANERLITLE(JI)J=2yp10) sumnn

901 FORMATULINIL1IOX,AHPAGE»I3929Ks IGHAVYKLESTAD ANALYSIS NASA TH 7RATn SURN
1o25%KpA20/35%s5HCASE »16,18X,10A8/7) sSunn
IFLBLADES.6Y.2.0) &0 TO 10 sunn
WRITE(6»904) SURN

906 FORMATILINAIONC O L L E C T 1 V Ep 27%5 ISHS C I S SO R S » 34X, SUNAN
1 1IHC Y C L I C »04 UL

1 OXs JILAOHNATURAL ROOT ROTOR NAX NUANBER 23X) e /7% I(SURN
135MFREQ COLL  SPEED INERTIA OF ,0X)p/TXe3(3TH/REV DEG Sumn

2 RPN PLANE NODES »5%X) ) sumn
G0 TO 1% SUNA

10 CONTINUE sSunm
WRITELH2905) sunn

905 FORMAT(S9X» 15HS C I S S OR S »/ ! SURR

110
131
112
13
13 )
11%
116
1?7
l1¢
119
120
121
122
123
126
128 .
120
127
128
129
130
131
132
133
13e¢
13
13e
137
138
139
140
141
142

O P, WN e

10
11
12
13
1¢
15
16
17
10
19
20
21
22
23
24
2%
26
27
8
29



APPENDIX C

1 49Ke OHNATURAL /00T  a*QTOR MAY  NUNBER 1 %0X%, SUMR
LISMERED CILL  SPEED INERTIA OF 150%, ITH/REYV DEGSUNN

T RPm PLANE NDDES n sSunn

1% COnTINnvE sumn
L INESeQ SuNR
Inls) sunn
In2el Sunn
Indel sSURn

02 60 [STs),lRCOL sunn
LINESeL INESe]) sunn
WRITE(6.902) sunn

902 FJMAT (In ) sunn
20 30 l8el,lRPn Sunn
WORIRELIST» 124 )=1BSCISTL18,3) o} SUnN

LYY L] ALY sunn
IF(BLADESGT.2.9) GO TO 20 ;);’:IblNAL PAGE 1> sunn
Al BELIST 13500 -18SLISTSIBs1)e} ENN) v Sunn
WCOIBECISTolBe2)-TESUISToINs2)0d R QUALITY sunn
MASRAROINEB N MDY Sunn

20 CONTImuE sunn
TFINALED.D) GG TO 50 Sumn
TE(LINESomA LT, 40) GO YO 23 sunn
NPGeNPGe]) sSunn
WRITE(O.901) NPGy DAY NAME, ITLE Sunn
IFLOLADES.GY.2.0) GO YO 22 sunn
WRITE 62904 SURR

60 Y0 22 SURA

21 COnTINUE SURNK
NRITE 16,90%) sunn

22 CONTINUE sunn
L INESSO sunn

23 CONTINULE SURR
WRITE(0,902) sunn
LINESeL INESe] sunn
NARPAXOINBINC D) Sunn
LINES=L INESena Susn

DO 40 lelema SUmRN
NRITELL,902) UL
1FLL.GT.MD) GO TO 2% SUNR
FNATeSONNATIIND, D) sunn
TE(RAPA{IB) NE,D.0) FNATOFNAT/RRONALIN) pYTL L
I1PIPLNLINY,Y) sunn
MRITECH2908) FNAT,RCOLLEISTISRRPMLIAILPLNECIP), INODE(IND, D) sunn

Q006 FORMAT(LHOsO N FL10,352F 7.1 ks A1) sunn
INYoIN3el) SUMN

2% IFUALADESGT42.0) 60 YO 40 sunn
IFC 1.6T.M3) GO TO 30 sSunn
FNATOeSOMNAT(INL,1) SUNN
TFLRRPAMLTIN) (NELQ.0) FNATOSOMNAT(INLS1)/7RRPH(LR) sSunn
IPeIPLNLINISL) sunn
MRITECB,907) FNATHRCOLLEISTIHRRPR{IBISPLNECIP), INODE(INDS D) sunn

907 FORMATULING, “XoF10.3p2F7.153%0A0013) sunn
INleINYed SUnn

30 TF(1.GT.nC)} GO TO a0 SURN
FNATaSOMNATLING, ) sunn
TFIRRPRUTIBILMED.OQ) FNATeSOMNAT(IND» ) /RRPALTB) sSunn
IPeIPLNLINZ2) sunn
WRITE(6+Q08) FNATSRCOLLIIST) oRAPA(IB),PLNECTP), INDDELINZ,2) SuRR

908 FORMAT(IM®o 83X F10.352FT.1,3X5A0013) Sunn
IN20IN2e} SUMNA

40  CONTINUE sunn
50  CONTINUE SURNM
60  CONTINUE SURN
RE TURN SuUnn

END SUNK
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SUARDUT INE NODSHAP LA, COLL RPN, FREQPRs My %o XEND)

THIS SUBPCUTINE PLOTS THE WODE SHAPE
CIMMIN 2COMAZ JHUBNLSLOTPIUTL ITLECLIO s NANE, DAY, NPG
1o dHUBL>RRPATLIOIsRCOLLEID L ZEIL Do INPUNLRADPLOT Ny TRSNSBLADES
L3GICAL Tasw
DIMENSION B813931)5RI33)oBEANIIIILCHORDC3II,TORSIONC(II ), NODELD)
DATA RUDE/ZLOMCOLLECTIVELLOMCYCLILLC s 1ONSCISSORS ¢/
XJ2IG=0.0
XSCALE=Q.2
CLENTH= ) OZXSCALE
YaR1Ge-1.0
YSCALE=D.50
20 10 Ia}-N1
REIIS2(IV/2UINY)
BEAN{1)sBLL, 1)
CHIRDLII=BL2, 1)
TORSION(E)=BL3, 1)
CONY INUE
R{Nl+1)oXORLIG
RINLe2)oXSCALE
BEANIN]L¢]1)=YORIG
QREAR(NL+2)eYSCALE
{HCADINie1)mYORIG
CHORJINL*2)aYSCALE
TORSION(NL*1)aYURIG
TORSIININL42)=YSCALE
[eN0D(xn,2)
IFIIGY.0) CALL CALPLT(1.056.5,-3)
CALL LINPLTU(R,ZEARINI 15101010 0)
CALL LINPLTUR,CHORD,N1s1s15201,0)
H=0,15
IFIRPN.GT.0.,0) GC TO 15
CALL NUMBER({0.254.52HpFREQPR,0.0,0)
CALL MITATE (L TpoeSoHoo4H CPNY0.0p4)
60 TO 16
CONTINUE
CALL NURBER{OJBs 4.5,Hs FREQPR)0.0,3)
CALL NOTATECL1a%92¢oS5otatd 7 REV5,0.0,06)
CONTINUE
CALL NOTATE(2.50%.5,H2NODEIN)»0.0,10)
YSCALE@XSCALE®(~).0:
CALL NURMBER(O9+4.39H»RPN,0.0,0)
CALL NOTATE(dab0bo3pHe INRPNL0.0,3)

CALL NUPMBER(O0.8s%e1sHsCOLLSO0r])
CALL NOTATE(14604.10HsONCOLL»O0.00%)

»O0S
noDS
nooS
»ODS
n00S
R00S
R20S
nODS
noDsS
noos
L
nooS
nOOS
noos
nooSs
NODS
RODS
nooS
RODS
L1113
KO0S
naos
noDS
nOOS
nODS
noos
ROOS
n00s
ROOS
KOOS
noos
noos
n00s
noos
noos
nODS
nons
noos
nDoS
RODS
nODS
noos
RODS
RO0S

noos
noos

CALL AYESEXLENTHs 0.00280.00XLENTH2 L .02 XSCALE»=140,0.056HRADIUS»H, 6RD0S

1)

CALL AXES(0.000.0990.004.00~1,005YSCALES~1.000.0010N0EFLECTIONS N,
110}

CALL PNTPLT(4e25446,1,1)

CALL NOTATE(4. 494 .5, M 4HVERT»0.004)
CALL PNTPLT(4.294.692,1)

CALL NOTATE(S.48.3,Hp5HH0RIZ»0.0,5)
[F{.NOT.TRSN) GO TO 20
YSCALEYSCALES(-1.0)

CALL LINPLT(R,)TORSION,NI»1r19251,0)
CALL PNIPLT(&.Z:Q.Z-J.I)

CALL NOTATE(C.4p6olpHs THTORSIONSO0.0, 7}
CONTINUE

IFC(I.GT.0) CALL CALPLT(0.02=5.50~13)
IFIR.EQ.XNEND ORs 1.EQ.C) CALL NFRANME
RETURN

END

nODS
noos
nooS
nooS
noos
naos
nooS
ROOS
noos
ROOS
nooS
noos
RODS
nooS
noDS
#R00S
noos

OBNT RSP WN
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52
53
34
3%
5¢
57
58
39
60
61
62
63
64



APPENDIX D ORIGINAL PAr - -
OF POOR Q'*
LIBRARY SUBROUTINE MATINV LISTING

The listing for the library subroutine MATIRV follows:

SUBKROUTING MATINVIMAXINIA M8 LOP DL TERM IHCALE + IRPIVOT s LWk
CORRRECIRNRRRAR e RRARRRROR R RN RURRRCRRRERARRRRARRRORRRRRRRRER RoRaRRaRRRARRRY

PURPQOSLE ~ MATING INVERTL A REAL LOUARE MATRIX A
IN ADUDITION THE RHOUTING SHVESN THE MATRIX
EQUATTON Axatleardt RE B 15N A MATRIX OF JONNTANT
VECTORR. Tra Rt 1S ALDO AN OPTIUN TO HAVE Thr
DETURMINANT EVALUVATE O 1P Trit INVIERDE IS NOY
NEEVEDY USE GELIM TO SOLvE A SYSTEM OF S IMui TANE QUN
EQUATION: AND (W TIFAU TO K VALUATE A DETERMINANY
FOW YAy ARG TEME ARG 2T ORAGE .

vint S LALL MATINVAMARGNeAsMatte TOR oDt TERM L LCALLE ¢ 1R VO T s luan

MAN - THE MAXNTMUM ORDER OF A AL STATLD IN THe
DIMENDION 2TATEMENT O THt CACL NG BRQWKRAM,

N ~ Trp OROE Y W Ae Vet LeNeslLE eMANXe

A - A TwO=QIMEASTONAL ANKAY OF  Tre COtEF ICTENT S
ON RE TN T Tae CALL ENG PROGKRAMS A INVE RDE
IS HTARED IN Al
A AMUST B DIMUNDTONLY IS Tt CALL ING PROGRAM
Wil B Isdnl IMENSTON MAX AND 50 CONS DEME NS TON
AT LEALT N

L] - THE NUOMUER O COLUMN VECTORD IN b
MEO LTGNAL S THAT Yt SUBROUT ENE T
URELY SOLT LY PO NV RS TON OB VE R
IN T CALL DTATEMENT AN ENTRY CORKRYE -
SEONOING T o8 MUmY i e BENTe

e s R e e s s N e e e a W AN o I Al o Wl Sl I S N N A N s W a W o W el olf o I o )

o - A TWO SO IMENT TONAL AWKAY OF THE CONNTANT
VELOTOR e ON R TURN TO VAL L ENG BPROULRAM,
Nl SNTORE D IN e By CosM Y ANTE LTSN FIRST
OUMENSTON MAN AND TTS SNECONS AT L AN My,

s

-

1o CAOMPUTE D TERMIENANT O T HONG
PR 0 oM S Tt MATKREY ENVE R AND
M VU WMINANT .
Tavta gl coME e sy Tl MATIEIR INVERSE ONLU Y e

~ e

SETERYM ORI SO- TN CONIINCTTON w1 THOALY
RUFRESENTS THE VAL UL OF THE 1Dt TE RMINANT
O A PP YA it Vet

AT Y 30 L R RO R SN N T A
Pt W T AT LON O ey S0 N T e
ATYE MY O IN THIE O 0 AM SN 1y
Thr ONOER 0P 2 TN AR R AN Ok T
MAGNTTOOE OF DT pot MENT G At L ARG (ML L e
T A T LAY L ALV G ATION MAY G AL OV 0w
FAINRY St L W b e 0 T e b T e e
SENGE L A MATREN CONU T TN P ond T e
Padd e e Ve SO0 B v vt Y RO AME R
ON KRE TURS T MATN PROGAM,

[l Sl S oAl R S o TR o B N S N G gt

-
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APPENDIX D

ISCALE =~ A SCALE FACTOR COMPUTED BY THE
SUBROUTINE TO AvOID OVERFLOW OR
UNDERFLOW IN THE COMPUTATION OF
THE QUANTITYSDETERM,

IPIVOT ~ A ONE DIMENSIONAL INTEGER AdRAY
USED By THE SUHPROGRAM TO STORE
PIVOTOL INFORMATIONe IT SHOULD 8Bt
DIMENSIONED AT LEAST Ne IN GENERAL
THE USER DOES NOT NEED TO MAKE USE
CF THIS ARRAY.

lwK - A TWO-DIMENSIONAL INTEGER ARRAY OF
TEMPORARY STORAGE USED BY THE ROUTINE.
WK SHOULD MAVE ITS FIRST DIMENSION
MAXe AND 1TS SECOND 2

REQUIRED ROUTINES-~

REFERENCE =FOXsie AN INTRODUCTION TO NUMERICAL
LINEAR ALGEBRA

STORAGE ~ 542 OCTAL LOCATIONS
LANGUAGE ~FORTRAN
FORTRAN

LIBRARY FUNCTIONS -ABS
LATEST REVISION - JULY 1973 ~-CMP8
MATRIX INVERSION wlTH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS

DIMENSION IPIVOT(N)«AI{MAXIN)I+SI(MAXIN) ¢ WK {MAX2)
EQUIVALENCE (1ROW+JROWIs (ICOLUMAUCOLUM) e (AMAXs T SwAP)

INITIALIZATION

I1SCALE=V
R1710e0##]100
R2=1e0/R1
DETERM=] 0
DO 20 u=zleNh
1PlvoT(u)=)
DO 350 1=1eN

SEARCH FOR PIVOT ELEMENT

AMAX=z(0e D

0O 105 J=1eN

IF (IPIVOTIUI~1) 60 1UDs OU
DO 100 K=1eN

IF (IPIVOIiN)=]) BOe 100 74V
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80
a5

100
105

106

110

140

200

210

250
260

1ud0

101

1vao

1v30
1Can

1050

1u60

1970

1080

1U90

APPENDIX D

IF (ABS (AMAX)~AUS(A(JeK))I)IBS1U0L100
1ROW=J

1COLUMzK

AMAXEAT JoK )

CONTINUE DRIGINAL PAGE IS
CONT INUE ALITY
IF (AMAX) 1104106110 ‘JF‘INJ(“R CHJ
DETERY=040

ISCALE=0

GO To 740

IPIVOTCLICOLUM)Ia IR IVOTLICOLUM ) +)

INTERCHANGE ROWS TO PUT PIVOT LLEMENT ON DIAGONAL

IF C(IROW-I1COLUM) 140+ 260+ 140
DETERM= ~DETERM

DO 200 L=1eN

SWAP=A( IROWL)
ACIROWeL )=ALICOLUML )
ACICOLUML ) =SWAP

IF (M) 2604 260+ 210
DO 250 L=)e M
SWARP=B(IROWL )
B(IROW L) =8 (ICOLUML)
BOICOLUML ) =SWAR
lwkK{lal)=1ROW
lwkile2)s1COLUM
PIVOT=A{ICOLUM. ICOLUM)
IF(IOP«EQel )Y GO TO 321
IF(PIVOTHIIUOLL V641000

SCALE THE OETERMINANT

PIvOTI=PIVOT

IF (ARS(DLTERM)=R]1)Y1030+101041010
DE TeRMzDE TERM/R]

LSCALE=ISCALLE+]

IF (ABS(DLTERM)I=R])11060¢1020,1020
DETI.RMzDETERM/R]

ISCALE=ISCALE+]

G TO 1060
TF(ABL(DETERM)=R2)104D¢1064041060
DETERM=DETERMAR]

ISCALE=1SCALE-?
IF(ABSIDETERM)~R2)110504105041060
DETERM=zDE TERM#R]

I 5CALE= I SCALE~]
IF(ASIRPIVOT ] )=R1)I10904107041070
PIVOTI=PIVOTI/RI

I1SCALE=ISCALE+]
IF(ASS(PIVOT1)=R]1)32041080+108V
PIVOT2PIVOTI/RI

1SCALE=ISCALE+]

GO TO 3o

IF (AQS«PIVOT 1)=R2)12000G Q0L 32V

49



50

[a I g o

[a gl

OonN

2ulo

vt

320

a2l
330

350

Jeu
e
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400

459
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630
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PlvOoTi=P1lvOTI#RL

I1SCALE® ISCALE=-]
IF(ABS({PIVOTI1=R212010+420104320
PIvOoTI=PIVOTI®*RI
ISCALE=15CALE-
DETELRM=DLTERMEPIVQOT]

OIVIDE PIVOT ROW BY PIVOT ELEMENT

IF(PIVOT1330+1064330Q
ACICOLUMICOLUM)I=L 4O

DO 350 L:lsN
ACTCOLUML ) 2ALTCOLUMWL I /I VOT
IF (M3 3804 38Us 360

00 370 L=leMm
BUICOLUMLI=BLICOLUMW ) /PIVOT

REDUCE NON-PIVOT ROWS

DO 350 LliziN

IFWL1-1COLUM) 4J0+ 550. 400
T=A (Ll 1COLUM)
ALL«ICOLUM)IZ0.C

00 450 L=l«N
ACLLIL)IZAILLISLI-ATICOLUMWLIINT
IF (M) 5950+ 550+ 460

DO S00 L=l M
BILILIZBILIWL)-BICOLUMIL T
CONT INUE

INTERCHANGE COLUMNS

DO 710 1=1eN

L=Nel =]

IF (IWK L)~ 1WK(L_¢2)1630¢710¢530
JROWZ LWK (L1
JCOLUME WK (L. e&)

DQ 705 K=}l N
SWAPEA (K JROW)
AIKJROW ) A (K« JCOLUM)
AR JCOLUM) s SWAP
CONTINUE

CONTINUE

RETURN

ENO
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TABLE I.- SUMMARY OF BOINDATY CONDITION EQUATIONS?A

Collectj ve mode Cyclic mode Scissory mode (no| Scissors mode
hinge cffsets) (hinge offsets)
L - (Kop - uopm2)6y =0 & -0 6y =0 b(Gy = 0)
8y = 0 D - (Kjp - Mjpgv?) 6y = 0 6y = 0 C(6y = 0)
B=0 M- KgB =0 B =0 biM - kg8 = 0
Q-KW =0 V=0 V=0 €@ - Kyb = 0)
a(r - kb = 0) &r - Kd = D) Ar - Red = 0 [I(T - Kcd = 0)

e =0)

3Boundary condition applied at center of rotation (station 1) unless other-

wise noted.

bBounda:y conditicn applied a: flapping hinge offset.
CBoundary condition applied at lagging hinge cffset.
dBoundary condition applied at pitch horn offset.

€For two-bladed rotors only and applied at :itch horn offcet.

53



TABLE I1.- DESCRIPTION OF PROGRAM INPUT REQUIREMENTS

Cara

3

54

“Nrnt

s e et e S Y

6 (AL, 6X)

16,4X, YOAS

SF10.0

215,6P5.0,F10.0

-

f

e

Variable

LE UL T

e
I7LE
KT (Xy)
MOP (M)
M)

KOP (Kop)

KIP (Kyp)

KBETA (Kg)
KPS1 (XV)
X (Ko
N

JHUB

AZBAK (%) |

¢

|
TWIST (8y);

BLADES
CHOFF

FHROFF

PHOFF

.

Units

PO

in-lb/rad
1b-sec?/in.
1t-secd/in.

1tv/in,

‘Hub out-of-plane inertia per blade

" Description

W e ——

b e e e e o e —— i L S R ot e oA

Program opt.ons: DECK, NAME, PUX,
s'uul .ms' jw‘v leo lm. lhd
NLIW

Problem number

Problem title

Mast torsional ctiffness per blade

Hudb in-plane inertia per blade

Rub out-of-plane stiffness per blade

1t/ in.

in-1b/rad
in=-1b/rad
in-1b/red

- e -

- .

in,

in.

in,

'Hub fn-plane stiffness per blade
Blade flapping spring
Blade lagying spring

Control system stiffness

Number of segments
Number of nonteathering segmenta

Segwent length for uniform
distribution

Linear twist from center of totation

l
!
]
i
|
!
to tip ;
i
|

Number of blades

Lagging hinge offget from center lite|

Flapping hinge offret from center {
line |
Pitch horn oft.

*fraom center line




TABLE II.-

Concluded

CN + 1

AN values are
by values are
values
dN  values are

input in field N ¢+ 1.

Card| Format Variable Units Description
type
PLAS!H. cpm Upper limit ogntrequeé;y calculations
S {15,1005.0] IRPMM Number of rotor speeds
RRPM tpm Rotor speeds
6 |IS,J0P5.0! 1IRCOL Number of rotor collective pitch
angles
RCOLL (9.) deg Rotor collective pitch angles
7 | 8F10.0 ' ay in. Outboard end stations of segments
8 | 8F10.0 !2KIB (EIL) | 1b-in? |Beamwise bending stiffness
9 | 8F10.0 [2EIC (FIc) | 1b~-in? [Chordwise bending stiffness
10 | 8F10.0 [PWTPL (w,W) |1b/in, 1b|Weight per unit length and tip weight
1Y | 8F10.0 cTp (8) deg Nonlinear twist distribution at
station
12 | 8F10.0 |3EYER (Ip;) | 1b-sec? [Bearwise second mass mowent of |
inertia %
g 13 | 8F10.0 |3EYEC (léc) Jb-sec? [Cherdwise second mass moment of g
: inettia
| 14 | 8F10.0 A 1b-in2 }Torsional stiffness 2
15 | 8F10.0 i 3sB (Sp) in. Beanw ise shear center offset %
| 16 8r10.0 age (S¢) in. Chordwise shear center offset Z
17 8F10.0 dpy (ry) in. Beamwise offset of center of gravity %
18 | 8F10.0 dre (re) in. Chordwige offset of center of gravityi

input, one for each segment.

input and the tip weight is listed in field N + 1.
are input, one for each station.

input and the offsets pertaining to the tip weight are

5%



TAME IIl.- SAMPLE IMMUT DATA DBCX

Card column
Card type J000000000111111111122222222223333333333444644645465555655565h666666666T7T77777717TTR
123454 78901234567890123456TR901234567R901 22656 7890123456 7R90123456 TR0 23456 7RSO

1 DECK TORSION  PLAT mnn- SHAPE PUNCH

2 100000 COMPUTIFR PROGRAM SAMPLE CASF

3 166000. .99 .259 1150, 1150, 0. 0.  15500.

4 30 2 .0 .0 4, 3. 3, 3. 15000,

5 3 1100 1200 1300

6 3 0 6 12

1.5 3.0 4.935 6.87 9.1 11,235 13.37 14.87

. 17.1 18.8 20.5 22.5 25.179 27.857 30.534 213,214

35,893 38.571 41.25 ©3.929 46.607 49,286 §1.964 $4.5663
$7.321 60. 61. 61.25 61.5 62,05
100000000.100000000.1500000. 1500000. S00000. 182900. 132900, 119Ag%aon,

. 500000. 135000. 135000. 79400. 62900, 62900, $2900. 62900.
62%00. 62900, 62900. 62900. 62900. 62900, 62900, 62900.
62900. 62900. 100000, 100000, 10000, 10000,

100000000,100000000. 1500000, 1500000, 1250000. 911400. 911400. 119A000.

’ 1250000, 972000. 972000. AR20000. 560000, 560000, 560000, 560000,
560000. 560000. 560000. 560000, 560000. 560000. 540000, %6000G.
560000. 560000. 1000000. 1000000, 1060000. !00006.

1.7083 1.7083 .4185 .4185 .1804 0705 .0705 .1226R

10 { .1652 02777 .02777 .02779 02766 L0276k L02766  .02764

02766 .02766 02766 02764 .02764 02766 .02766  .02766
02766 .02766 .04315 08273 03744 .01101 0.0
0. 0. o. 0. 0. 0. 0. 0.
12 { 0. 0. 0. 0. 0. 0. 0. L
0. 0. o. n. o. 0. 0. 0.
0. 0. 0. 0. o. 0.
.001 .001 .00057 .00057 ,000143 .000028S ,00002AS  ,0N0062

13 .000114 .000023 .000023  .000064 .000063  .000663 .000062 .000063

.000063  ,000063 .000063 .000063 ,000063 .000063 .000063 000063
.000063  ,000063  ,000131  .00007¢ .0000KB  .000023
JESD .1E+101000000, 1000000, 213500, 202000. 202000. 910500.

" { 213500. 109400. 91390. 75900. 75900. 75900. 76300, 76900,
75900, 75900. 75900. 76900. 75900. 75900. 75900. 75900.
75900. 75900. 114000. 114000. 11400, 11400,

o. 0. 0. 0. 0. 0. 0. 0.

1s { 0. 0. 0. 0. 0. o. 0. 0.

o. 0. 0. 0. o. 0. 0. 0.
0. 0. 0. 0. 0. 0.
. o. 0. 0. 0. 0, 0. 0.

16 0. 0. v. 0. 0. o. o. 0.

0. c. 0. 0. 0. 0. 0. 0.
o, 0. 0. 0. 0. 0.
f 0. 0. n, 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. o. 0.
73 0. 0. 0. 0. 0. 0. 0. 0.
L 0. 0. O. 0. 0. 0. 0.0
0. 0. 0. 0. 0. o. 0. 0.
18 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
l 0. 0. 0. 0. 0. 0. .
R
DRRGINAL PAGE,ITls
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TABLE VII.- DESCRIPTION OF PUNCHED OGTPUT DATA
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Card Deacription PMrmat

1 Identification card containing case number and 16, 4X, 10 A6
title

2-4 Distribution of weight per unit length and tip 710.5
weight, 1lb/in. and 1b

5-7 Beamwise second mass moment of inertia, lb-sec2 iF0.5

8-10 Chordwise second mass mament of inertia, lb-sec? F10.5

11-76 [Collective mode deflection shapes, case number, 6F10.6, Y0x, 16, 212
mode number, mode type

77-142 [Cyclic mode deflection shapes, case number, mode | 6r10.6, 10x, I6, 212
number, and mode type

143-208 | Scissors mode deflection shapes, case number, 6r10.6, 10x, 16, 212
mode number, and mode type

209-214|Collective mode cyclic detuni. - ‘nfermation, ref-|6F10.2, 2F5.0, 16, 212
erenc: values of collective pi..c.. and rotor
speed, case number, mode number, and mode type

215~220 Cyclic mode cyclic detuning information, refer~ |6F1).2, 2F5.0, 16, 212

i221-226 Scissors mode cyclic detuning information, refer-

{ speed, case mumber, mode number, and mode type

ence values of collective pitch and rotor
speed, case number, mode number, and mode type

ence values of collective pitch and rotor

6F10.2, 2F5.0, 16, 212
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TARLE VIII.~ ILLUSTRATION OF PROGMMX OPTIONAL OUTPUT (PONCEED CARD DICX)

Card coluan
Card no, ROOFﬂﬂﬂﬂﬂilllllllll2?????????1!333331?3&4‘446QAtc“%‘Fﬁ“S‘&‘ﬁbee666«7777777777n
12RETRONIDIARETAGN ] P14 CATRUNI P GETRGOTIPIAGETAGN]1 2456 TAGQ 1 2AARETRAN I 23684 TRON
] 100600 COVPUTER PROGRAN QAMPLF rAcF

2 186826 «hIREQ « 77477 +RTNED «11834 JNQRNG 20277A

3 JNOTEQ NPTRE JNPTAE JNPTEER LAPTA&E NPT J02TRA

4 02706 «NPTEE NPTAE JOPTEL oNPTEA «N407 LAN00

s N LADDD n RAANA n,NOBO0D 0,nn000 n_nonnn aaANNAND o,nANNN

€ ancq0n o.n0a00 [ L LT n.0hn0n0 n nannn n,0nARD 0. nnn00

? N, 00000 N.N0000 o, 0c0000 a,00000 0, N0NNRG N NO00ND 0,0a000

[ ] «00nQ9 +0N0EY 400023 000023 «ANNNE Jo00nY .00004

[ ] JNON0E +00006 D000 « 00008 < 000064 «000NA M LLLTS

10 «N0NOEK JONA0E 2AN00G JONNNE T LT LY Jnnn0n
143 N, 000000 0.NNAMANG -, 000000 =, 000000 NANTIAZ o BODDON 1an000 1 0
144 PN LTLTT JNNEAIT 4 0ONONE  « O0CN1E JARATAT o AO0ARN 1nnnne ) N
145 - 0NNODT «F13048 L 0NNNND -, 0n0NPE JNITARA  w_NO0NNN 1ea060 ) A
146 -oiBAN2G JNPIRGF o 000000 <~ 00007} JNP6N8N = NOANNN 100000 1 0
147 -a000073) «030364 -, 000000 -, 00NN oNIATAYI -,000000 100000 Y N
148 - NOON2S «029143 ~,0n0000°0 =, 000A2]) oN63IRE -, 00NONO 100000 ) 0
149 ~eNHONYE  LCATOAR o, 00NF00 ~,00NN]1]1  ,NS2347 =,N00000 100000 1 N
150 =oN0NNNE JPELTEL o, 00D00N J00000N «NA11RE =, 000000 1ha0nn 1 oA
51 «00000¢F oNHERIP2  a,n00N0D NNANY2 NTN0A0 -, N0000D 180000 Y 0
152 .nNNYC JOTAATY o, 000000 «000N2E JNTROND < DONONN Jonann 1 n
153 o0000M +NRIIIT . n00NOND «POATAZ2 N, 0NONND N20000 ILLLT LN
154 0.,000000 O,P00000 =,0000N]) 000136 <. NnN0N0N e, 000001 100000 2 N
155 o004340 ~ DO0DOP -,000001 oNOPEAT «,nN0N16 =,00000) 1008000 2 0
156 oN127TT <,000022 o, NNNNHD) «017NI2 =,NN0N27 -, 000001} 10000 2 0
157 oN21702 =,000031 o, 000001 WN2ERN2 <, ANN03D = NONONY 108000 2 0
158 oN20Q23T <, 000032 o, 000,01} «026303 < ,nnANPG -, 00000Y mnonae > p
15 «NIRAGT =,0PN024 «,00N0001] «N43110 =,nPPANnY1P - ONrFAQ] tnnaen 2 4
166 «0ATEIC < NONNI2  .,0n0001 «051982 «,000008 <, 0000M 100000 2 0
181 0564137 2006003 -,00000) « 60902 2000012 -,000001 100000 2 0
162 «068370  ,000n2] -, 000001 +06GRE2 L000031  ~,00000) 170000 2 0
163 «N74350 JODNN41 -, 00000) «0TRAAY JANNARY . p0ABMY 1090080 2 o
164 < 0837222 JNNONA2 <, 000001 1,0n42000 O, n0000N JDeoonn 100000 2 0
168 0,000000 O,000000 -, 000NDD ~,0nNPQ0 o, ANAN3T -,N00N0NN 100000 2 0
166 =,009328 « NO11S¢ 000000 =, 0]R1C] =,R022%) =, 00000D 1p000P 2 p
167 = N28720F =,003240 - ,000PND  «,0323260 <, NN41AT =, 0000QQ 100NN N
168 = NI9EQN =, NNARTT =, N00000 «,Pas1al =, 005420 = 000000 tanaprn 3 o
169 w,04RATR - ONRTNG . NONNN0 =,04E6243 =, ,NNEARE &, N0NNNN 160000 3 P
170 = N43K4E <, 005348 - 000000 ~,NIRET2 «=,NNATAD <, 000NN0 100000 3 0
m = NITEPY =, 0NIAT0 000000 =,027634 =,007747 «,000000 100000 3 0
1.2 ©o,01162] ~,001785 =~ nACOND NOF214 NONIBR =, 0000N0 1a0aa0 2 ¢
M oD1IRANY «0019P4 . Cr0OND eNI1FPE LNN2GZ4 -, 000000 1608000 % 0
174 «N4RATS JNOKETH o DANNDD oNARONEL JNPRATT o 0ONNAN 100080 3
175 <NA2YI2 L010207 <,000000 ?,82Q757 A AARANN JN2nnnn jannpn 2 o
176 0,00000n 6,000000 =, 000000 000040 «,nN032 . 00000A ILLLLL ]
177 oN01PAT «,0102230 <, 000000 «N0240C <, 010787 o 0NNANQ 1AANAR & 0

61



TABLE VIil.- Concluded

62

Card no. Card column
N 20NNR] - 02A2TY ., 000000 JONATT < 0NRRER < 000ANN 1nA0AN & 0
17 +00%08A =, 041507 . 000000 «00%AE . _Na%O1E . 000000 ILLLYY YY)
) +005028 4, 048201 -, 000000 JN0KRGE < 047912 «, 000000 100000 4 0
1 )] +008S31 <« 04477} . 000000 000080 <,030179 <, 000000 1800000 & 0
1n2 +00NAGN &, 03129% ., 000000 JOOPAR0 «,021327 < 000000 100000 &4 A
i1} ] oNOI238 . NNOK2A . 000000 =,00081) +JONARNY L O00NNN 100000 & A
184 a, 002234 +D1RK3E L, _AONO00 =, ,00A1TR +N12T 000000 190000 4 0
1} - 004201 JOROPRE -, 000000 o NORIER JOGAIRA o Q0ANON 100000 &4 0
e -, 010382 ORI . 600000 3,48%0T4 N 000000 020000 100000 & O
AL 1) 0,000000 0,000000 <,000001 00038y 000038 <, 00000) 100000 % 0
1) «011068 00110 .,000001 JN21048 +0N2248 -, 0000N) 100000 % 0
"9 027829 JO026% o 00000) 030200 JN0I214 =, 00000} 100000 ® 0
1% «030277 03714 -, 000001 J0247%1Y oNO2RIR = NDODNY 100000 &
N «0134230 JON1ANT =, 000001 «,0022604 <, NN0PRE ., 00NANY 100600 ® @
192 ® 019718 «,002129 <,00000) ~,0368048 =, 003847 ., 00000) 100000 € 0
19 «,0ARGOT <, 006244 =,000001 =,056601 =,00604R =,00000) 100000 & 0
194 «y 087310 =,006115 =, N0000]1 «,0%0169 <, 008346 -,00000) 100000 & @
198 2y 034221 =, 002438 000001 <, 010900 .N0Y1NE =, N0O0NOM 1nfeen & o
196 +017761 JNO10YIE o A0CD0) Jha0n0) 0084 =,000001 P GL LY )
197 ORI JNORAL2 <, 000001  4,P14033 D 000000 J07gnan ILLL UL
19 0,000000 0,000000 10,24T4088 002421 «,010704 10,262930 1h00n0 & B
199 +ON2T¢e  =,017937 16,700472 +O0028T8 < ,N16182 12,24]100% 1000080 & 0
200 2002332 «, 013490 14,147736 JNRIZ00 L nYaRET 15, 2GADNR 100000 & 0
201 e NO0213 =, N0ATRN 17,R19172 «,00106F =, ,0N]1214 22,04227¢ 100000 & A
202 “o 000446  0NR244 26,6%0204 . N0ASO0  ,(170%4 1,05%474 100000 & A
203 -, 004904 2NIR2EE AR 196218 - ,004642) +N2303% 19,063002 1nan00 & 0
204 -, 003573 «028TRE A2 ,A2T7T1046 <,00207¢ «APRG72 A5 AA1RMY 100000 A 0
208 -, 00NA4EL +N2Y%4T AR _T420%8 JO0467Y +NIRITE &) _249]%) 1n00ONe & 0
206 +O01R4Y1  L0V01A% ®3,31693]1 002006  ,DON]TY 84, 06QRFA 100rPA &
207 «ONIAIE < NIRRT Ba, 194787 JO0NTTE = ,NPINGAC RE OAEJg) 1IAPONN & A
208 e NONPAY <, 036238 Y _2Q8A00  T7,960946 0,000000 020000 100000 ¢ 0
22) 326,40 A6, 48 NS, 70 395,67 6,00 100,00 6,17200,100000 1 0
222 1144,% 1146,29 13%4,72 13%4 64 6,00 100,00 f1200,100000 2 0
223 2027,1%  PBI6, 80 32%572,4% 239,18 6,00 100,00  £,1200,100000 2 0
224 ADSA,TE  ADAR,T2  A308,07  4317,%9 4,00 100,00  #,1200,100000 4 0
22% &R2¢ .60 €21 ,%¢ 6030,11 £032,12 6,00 100,00 “e1200 100000 & o
126 QRA2 AP €RIT,|1C  OKAT, T4 QREN,)N L 100,00  6,1200,100000 & 0




TABLE IX.- UNIFORM BEAM ANALYTICAL REPRESENTATIONS USED

FOR CORRELATION STUDIES

Iéce 1b-sec?
N ...
g, in. .
Sp, in. .
8¢, in, .
e in.
fee ino .

Property Case ! Case 2 Case 32 Case 42
(Bl)p, b=ind? . ., . . 8000 8000 8000 8000
(BI)¢, 1b-in? . . 32 x 109 32 » 109 32 » 109 32 ~ 109
GJ, 1b-in? , . . 8”7 8N? 8717 8N
w, 1b/in. . . .. 0.024 0.024 0.024 0.024
0 U T .. 0 0.6 0 0
I, 1b-sec? . . [-0.5176 x 1075 |-0,5176 ~ 10~5.-0.5176 ~ 10=5|-0,5176 » 10°5

e & ® » v & s s e o

Q. rpm .

Ocr deg

O, deg . .
Ko, in-lb/rad .
Kip 1b/in. . .
Kops 1v/in. . .
Kq, in-lb/rad .
Kg, in-1lb/rad .
KW. in-1lb/rad .
Mip, lb-sec?/in,
Hop. lb-secz/in.

.
.
.
.
a
[
.

e o & 2 & o =

Aprogram was modified to achieve proper boundary conditions at the outboard

tip.

e & & & & e e + & s & s & s @

® o o » e

« » * s » e

e o *

s 5 & & s 5 s

.

L Y

.

0.1087 x 10-3
2%

.

-~

OCCOOCOOOOOODOOOCOOOO

0.1087 « 103
25

1.0

0

OO0 ODOUCOO0OOOCODOO O

|

!
!
f

|

0.1087 » 10-3
25
1.0

COOCO 0 8 FOo0O0OO0CCOO

!

0.1087 « 10-3
25

1.0

0

~0.7454

o 2 o000

o]

oo

0

[pU———
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TABLE X.- ROTATING PROPELLER ANALYTICAL REPRESENTATION USED

FOR CORRELATION STUDIES (CASE 5)

z, (ED)p, (EI) ¢ GJ + EB18'2) w, B¢, Ify, 1,
in. 1b-in2 1b-in2 1b-in 1b/in. | deg 1b-sec? |lb-sec?
4.0 -] © O | menm——— 0
5.0 {10 000 000 {300 000 000| 1 000 000 |0.5000| -2.55|0.000010000 [0,002000
6.0 800 000|100 000 000 700 GO0 | .3993| -5.10| .000007137| .001692
7.0 180 000 51 000 000 575 000 | .3100| -7.65| .000005069| .001400
8.0 140 000 | 47 900 000 480 000 | .2761(-10.20| .000003001| .001265
9.0 110 000 | 46 800 000| 420 000 2600|-12,75| .000002507| .001225
10.0 92 000| 45 800 000 382 000 | .2437(-15.50| .000002013| .001184
11.0 72 000| 45 100 000 348 000 | .2408|-18.25| .000061755 001204
12.0 63 000 | 44 400 000 320 000 | .2379|-21.00| .000001496| .001223
13.0 53 000 44 100 000 295 000 | .2294/-23.55| .000001270| .001228
14.0 42 000| 43 800 000| 275 000 | .2209(-26.05| .000001043| .001233
15.0 37 000 43 800 000 261 000 | .2166|-28.45| .000001042| .001245
16.0 32 000 | 43 800 000 251 000 | .2123(-31.05| .000001042| .001256
17.0 29 500 | 44 100 000 24) 000 | .2081|-33.45] .000000882! .001263
18.0 27 000 | 44 400 000 230 000 | .2039|-35,55| .000000722| .001270
19.0 26 500 45 800 000 214 000 | .2018(-37.60] .000000691 | 001289
20.0 26 000 | 47 200 000 196 000 | .1997|-39.55| .00000065°, 001307
21.0 25 500 | 49 300 000 173 000 | .1955(-41.50| ,000000638, .001311
22.0 25 000 | 51 400 000 153 000 | .1912|-43,00| .000000616| .001314
23.0 24 500 53 700 000 125 000 | .1912(-44.30| .000000627 | .001340
23.5 24 000 | S4 900 000 100 000 | .1912|-44.90| .000000632| ,001353
24.0 24 000 | 56 000 000 78 000 | .1912/-45.55| .000000638| .001366
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TABLE XI.- COMPARISONS OF COMPUTRED FREE-FREE BENDING NATURAL FREQUENCIES AND

MODE SHAPES WITH EXACT SOLUTIONS FOR A NONROTATING, UNIFORM REAM (CASE 1)

Natural frequency, w, cpm

Firat mode s«:ond aodo ] 'mird nodo l‘ou:th wode _‘L Pifth noda_]

Computed xuct Cunputed nxact Conputed Exact Cupuud Rxact Computed {Exact .

968,68 969 aa 2687 9 2673 s szzs e 5241 2 86231, 3 8663 91ﬁwzes3 \29&2!

Mode shape
e e . . . e g e e
Nrst node Second mode Third mode Four th mode Fifth mode

l/R - P, P S - g - -3 - 3 .- 4

3 Computed |Exact |Computed|Exact {Computed [Exact [Camputed |Bxact [Computed jsxact
LR e R ‘-

0 ~0.608 |-0.608| 0 0 0.M4 o.M 0 #o -0.74 1-o 707
.04 ~-.605 [ -.604| -, 108 |-.108] .697 .694] .199 .198) -,672 | ~.665
087 -.594 | -.594] -.212 (-, 212 647 64| LW L3791 -.551 | -.545
2] =576 | -.576] -.N2 [|-.311 ) 566 .564] 534 L8317 -.365 | -.360
6] -.552 | ~.5S1 -.403 [~.403( .459 AST{ .645 641 =136 | -.132.
«20] -.82) | ~,520] -.484 |-.483] .330 .328) ,70% .700 .109 an
28] -.483 | ~.482] -.55) |-.551] .186 84l 709 04 J342 L34
(28] -.439 | -.438{ -.605 |-.604] ,034 .032{ .657 | .652 .534 531}
.32) -.389 | <.389| ~.642 [-.641| - 119 [-,120[ .555 : .549 664 .659 ]
36| =.333 | -,333| -.662 |-.661| -.265 |-.266! .408 , .403 .MNe 703
40| -,272 | -.272{ ~.663 (-.662] -.397 {-.397] .23 ! 226 .684 .675]
44| ~.207 | -.206] ~.646 |- 645, -, 508 |- 507 .036 . .032 L5112 .563
48] =136 | ~.136] <.6)1)  |-.609] -,592 [-.591| -,160 .-.163] .394 | ,384]
.52 =~.062 | -,062( -.557 [-,556! -.645 {-.643] -, 341 =, 343 R KA 162
.56 L016 .016] -.486 |-.485) -.663 -.661! -. 493 -~.493: -.070 | -.077]
.60 .097 .098| -.399 |-.397| -.646 (-.643| -,602 -.600| -.301 | -.305]
.64 A8 -182( -.297 -.295/| -,592 -.568 -.658  -~.655 -.492 | ~.493;
.68] .268 | .268] -.182 [-.180| -.503 [-.499! -,657 -.6521 -.620 | -.617,
¥ . 356 .356| -,055 |~.053] -,381 i-.377] -,595 -.588! -.667 i ~.66),
.76 . 446 446 082 L0841 =.231  (~,226] ~. 474 -.467. -, 625 [ ~ 616
.80 .537 .537]  L226 L227) -.056  1-,052) -,302 -.294 ' -.494 | -.483"
.84 .629 L6291 ,375 L3770 137 | 142, -.086  -.078 1 -,284 | -.272:
.88 g L7217 .529 5300 344 | L3470 163 1700 -.010 .0
.92) .84 | .814| .68> | .686| 559 | .S62| .433 | .438| )08 |
.96 .907 .907| .842 L8430 .779 .86 .15 LR U650 | L.655
1. ooJ 1.000 | 1.000| 1.000 {1,000} 1,000 1.oooi 1.000 zr.oooi 1,000 } 1. 000




TABLE XII.~ COMPARISONS OF COMPUTED CLANPED-FRSE BENDING NATURAL FREQUENCIES AND

MODE SHAPES WITH EXACT SOLUTIONS FOR A NONROTATING, UNIFORM BEAM (CASE 1)

66

Natural frequency, w, Cpm
First mode Second aode Third mode Fourth mode Fifth mode
Computed|Exact |[Computed|Exact [Computed|Exact |{Computed |Exact|Comrited|Exact
609.23 |690.68} 3811,1 |3820.8) 10654 |10698| 20842 20964 34394 34656
Mode shape
First mode | Second mode Third mode | Tuurth mode Fifth mode _}
24/R 4 < - e - -
3 Camputed | Exact |Computed {Exact | Camputed | Exact Ccnputedisxact Computed ExactJ
o lo 0 0 0 0 o |0 0 0 0 |
.04] .003 .003] -.017 |-.017 . 044 L0464} -.CB4 !~-,083] .113 130!
.08 .on L0011 -, 062 -, 062 . 157 L8561 <277 -2 $10 .40
a2 (024 .024) -,128 |-,128 .307 L3306 -.500 |-.494 .66 .650 |
.16 .042 L0421 -. 211 -. 210 .466 L4648 ~-.68) - 67 779 58 |
.20 .064 L0640 =300 [-.300 .608 [ .605| -.766 |-.7%4| .333 .660
.24 .090 .090| ~.395 |-.394 .MN2 L7071 ~-.229 (-, 715] .239¢6 .3772
.28 120 J120f -. 485 (-.484 . 761 LI585 =.567  [-.553] -.002 :-.013
.32 .154 154! -.566 |-,565 . 748 L4V -,307  (-,295] -.393 ? .392’
.36 .190 .190) -.634 -.623 .670 .663 .00S 013 -.659 | -.646
.40; ,230 .230! -,685 |-,684 534 .526 ] .33 L3160 =719 -, 697
.34 272 2272 - NS [=.73 .350 3431 559 .556 -,556 '=.529
.48 .316 N7 =722 -.720 | 137 A3 .698 .689: -,220 -.196
.52 .363 3631 -.704 -.701 i -.085 -.091 . 705 .69 . 185 .198
.56 .41 411 -.66) -.658 , -.2% §-.299 .579 .562i 533 .532
.60 .46 .461; -.592 [-,589 i -.473 - 474 .34 326 .17 . 700
.64 .512 .512; -, 500 |-.497 ! -.598 -.597 .047 0N .681 .65
.68 .564 | .564| -.385 -.382, -.659 |-.655| -.256 |-.266| .436 ' .403
.12 .617 L6177 -.251 -. 247! -, 647 (-.641| -.505 -.508 . 060 .032
.76 .67 L6711 ~-,099 ,-,096 5 -.561 |-.553 -.049 |[-.643 -.32 -.343
.80 .,72% L7250 . 067 L0700 -, 404 (-.395 -.656 |-.643] -.603 |-.600.
.84} ,780 L7807 244 246 -,188  (-.178 -.518 {-.499| -,673 -.6%2
.88 .835 .835| .428 . 430 076 ! .085] -.247 |-.226| ~.501 -.467
.92 .890 .890 .617 .618 g AN | .378) .123 L =113 -,078
.96 . 945 . 945 .808 .809 | .682 .686 . .550 .562 L415 | 438,
1.00| 1.000 Ll.ooo 1,000 1,000 1 1.000 1.0001 1,000 [1,000| 1.000 1}.000



TABLE XIXI.- COMPARISONS OF OOMPUTED FREE-FREE TORSION NATURAL FPREQUENCIES AND

MODE SHAPES WITH EXACT SOLUTIONS FOR A NONROTATING, UNIFORM BEAM (CASE 1)

Natural frequency, U, cpm
First mode | Second mode | Third mode | Fourth mode an\ mode
1
Computed | Rxact cOnputed]Exact Computed {Ex>ct |Computed|E :act |Computed | Exact
11004 (110121 21965 22023 32840 {33035 43584 |[44047] 54157 [55058
Mode shape
kirst mode Second ..ode Third mode Four th mode ] Fifth mode
z /R e g— —
] Camputed |Exact (ComputedExact (' wmputed [Exact |[Computed|Exa- t|Computed|Exact
0 -1.000 {-1.000; 1,000 (Y.000| ~-1.000 [-1.000{ 1.000 [1.000| -1.000 |~-1.000
Lo04) ~.992 | -.992| .969 .969| -~.930 [ -.930| .876 ' ,876| -.809 | -,809
.08 -.969 | -.969! .876 .876] =-.729 | -.729| .536 .536| -.,309 | -,309
.12 -.930 | -,930] .729 .729| ~-,.426 | -.426] .063 .063 .309 .309
.16 -.876 | -.876; .536 .536( -,063 | ~.063] ~.426 |-.426 .809 .809
.20 -,809 | -.,809] .309 .309 . 309 .309, -.809 - 809 1,000 | 1.000
247 -~-.729 | -.729] .063 .063 637 .637| -.992 |-.992 .809 .809
.28 -,637 | -.637| -.187 [-.187 .876 .876 -.930 |-.93¢C . 209 . 309
.32 ~.536 | -.536| -.426 |~-.42€ .992 .992| -.637 |-.637| -.309 | -.30°
.36] -~.426 | -,426] -,637 [-.637 .969 .969 -.187 |-,187, -.809 | -.809
.40 ~,309 | ~.309| -.809 (-.809 .809 .869| .309 ; .309! ~1,000 {-31.000
44| 187 | -.187| -.930 |-.930| .536 | .S36| .729 | .729] -.809 | -.809
.48, ~.0€3 | -, 063 -.992 |-.992 .187 L187 .969 | .969 -.309 | -.309
.52 .063 .063| -.992 [-.992| -,187 ! -,187| .969 ' ,969 . 309 . 309
.56 187 .187) -,930 |-.930| ~-.536 | ~.536; .729 .729 .809 .809 !
.60 .309 .309| -.509 |-.809 -.809 | -.809, 309 .309, 1,000 1.coo§
.64 . 426 .426| -.637 |-.637| -.969 | -.969! -.187 |-, 187 .809 | .809!
.68 .536 .536| -, 426 (-.426, -,9.2 ' -,992! -,637 ;-.637@ .309 | 309
.72 .637 .637| -, 187 |-,187| -.876 g -.876, ~.930 -.930 -.309 ! ~.309§
.76 . 729 .729| ,063 .063| ~-.637 -,637. -.992 f-.992f -.808 | -.809.
.80 .809 .809| .309 .309| -,309 f -.309 ' -.809 '-.809| -1,000 [-1,000
.84 .876 .876! .536 .536| .063 | .063f -.426 -,426; -.B09 -,809§
.88 .930 .930 . 729 . 729 .420 | ,426 ,063 ; .063 -.309 | -.309!
.92 .969 .969! ,876 .876 .729 .729| .536 { .536‘ .309 .309!
.96 .992 .992 . 969 .969 .930 .930 .876 .876 | .808 .809 i
1.00} 1.000 JLI.OOO 1.000 ‘.OOQJ 1,000 | 1,000| 1,000 }1'°°°lm,1'000 l.OOQJ
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TABLE XIV.~ COMPARISONS OF COMPUTED CLAMPED-FRER TORSION MATURAL PREQUENCIES AND

MODE SHAPES WITH EX.CT SOLUTIONS FOR A NONROTATING, UNIFPORM BEAM (CASE 1)

68

Natural frequency, , cpm
Pirst mode Second node Third mode Four th mode FPifth mode
C mputed|Exact |Computed|Exact |Computed|Exact [Computed |Exact |Computed|Exact
55C4.9 [5505.8] 16493 (16517 27416 [27529] 3823} 38541 480895 (49552
Mode shape
Pirst mode Second mode Third mode four th mode ritrh mode
z4/R -
3 Computed|Exact | Computed]Exact [Computed |Exact [Computed|Exact |Computed |Exact
0 0 0 0 o 0 0 0 0 0 0
.04] .063 .063]| -.187 [-.187 .309 <309} -.426 |-.426] .536 .536
.08 125 .125 -.368 -.368 . 588 .5881 -. MM - N . 905 .905
LYz .187 L1871 -.536 |-.536 .809 .809 -.969 [-.969| .992 .992
.16 . 249 . 249 -.685 -.685 .951 .951| -.982 -.982 1N .IN
.20 . 309 . 309 -.809 -.809 1.000 1.000; -.809 -.809 . 309 . 309
.24 . 368 .368 -.905 -.905 . 951 .951 ) -.482 -. 4821 -.249 -.249
.28 . 426 .426 -.969 ~-.969 .809 .809] ~-.063 -.062] -.729 -, 729
.32 482 .482 ~.998 -.998 . 588 . 588 .68 .368 -,.982 -.982
.36 .. 36 .536 -.992 ~-.992 . 309 . 309 . 729 .729 | -.930 -.930
.40 . 588 .588 -, 95 -.951 . 000 . 000 .951 .951 ) -,588 -.588
.44 .637 .637 -.876 -.876 -. 309 -.309 .992 .992! -,063 -.062
.48 . 685 . 685 -. N -.mm ~.588 -.588 . 844 . 844 .482 .482
.52 . 729 . 729 -.6137 -.637 -.809 -.807 .536 .536 .876 .876,
.56 . 1M .M -. 482 ~. 482 -.951 -.951 .125 . 125 . 998 .998
.60| .809 .809 | -.309 {-.309| -1.000 |-1.000} -.309 |-.309;, .809 .809
.64 . 844 . 844 ~-. 125 -.125 -. 951 -.951. -.685 -. 685 . 368 .368!
.68 .87% 876 . 063 .063| -,809 | -.809| -.930 (-.930; -.187 -.lﬂ?f
72 . 905 . 905 . 249 . 249 -.588 -.588 -.998 -.998 | -.685 —.685{
.7€ .930 .930 . 426 .426 -.309 -,309! -.876 -.876 | -.969 —.969;
.80 . 951 .951 .588 . 588 .000 .00C | -.588 -.588 | ~,951 -.951§
.84 . 969 . 969 .729 . 729 .309 .309] -,187 -.187} -.637 -.637;
.88 .982 .982 . 844 . 844 . 588 .588 . 249 249 -.125 -.125§
.92 .992 .992 .930  .930 .809 .809 .637 .637 <426 | .426
.96 .998 .998 .982 .982 . 951 L9511 .905 .905 ] .844 .B44
Q:oo 1.000 {1,000} 1,000 (1,000 1.000 | 1. ~0} 1,000 JU.OOO 1.000 l.oooi



TABLE XV.- COMPARISONS OF COMPUTED UNCOUPLED BENDING AND TORSION NATURAL

FREQUENCIES WITH REFERENCE SOLUTIONS FOR A CLAMPED, NONROTATING,

UNIFORM BEAM WITH A TIP WEIGHT? (CASE 2)

Mode keference frequency,b Computed fregquency,
cpm cpm
Vertical 266 270
Vertical 2 837 2 817
Torsion 5 506 5 505
Vertical 8 847 8 823
Torsion 16 517 16 493

3The tip weight, as represented, affects only the bending natural

frequencies.

reference 10.

TABLE XVI.- COMPARISONS OF COMPUTED UNCOUPLED BENDING AND TORSION

NATURAL FREQUENCIES WITH FXACT SOLUTIONS FOR A NONROT! I'ING,

U
Vertical

vertical
To-sion
Vertical
Torsion
Vertical
Torsion
Vertical
Torsion
Torsion

L. ...

n
15
21
2?
32
42
43
54

Computed frequency, 1
cpm

m
846
004
402
966
380
84
779
582
158

SIMPLY SUPPORTED, UNIFORM BEAM (CASE 3)

Exact frequency,

e e — s

cpm
177N
6 846
17 012
15 403
22 023
7 382
33 035
42 785
44 047
55 058
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TABLE XVII.- COMPARISONS OF COMPUTED COUPLED BENDING AND TORSION

MODAL CHARACTERISTICS WITH EXACT SOLUTIONS FOR A NONROTATING,

SIMPLY SUPPORTED, UNIFORM BEAM (CASE 4)

aThe quantity Sy

is measured at the center of gravity.

Computed Exact solution
Mode
w, cpm ¢Sy, in- w, cpm ¢y, in~?

(a) (a)
1 1 704 -0.011 1 704 -0.0M
2 6 726 -. 046 6 727 -.046
3 11 050 54.629 11 057 53.817
4 14 740 -.13 14 750 -1
5 22 354 12.953 22 N 12.985
6 25 032 -.220 25 094 -, 215
7 34 5 5.322 34 497 5.384
8 36 €17 -.369 36 665 -.356

—-— e
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Ty
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4 » X
ry /\rc
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{a) Center-of-gravity offset.
Y
Y 4 S
¢ S
e e A
I~g- —+
Sx
C

{b) Shear center offset.

Figure 2.- Sign conventions for center-of-gravity and
shear center offsets from pitch axis.
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Mi:DL. %y.i J
L | i » Z

i Station i+l

(a) Vertical plane.

Dj+l

Qjﬂ Fj+1
V’n——-
F T Ox,j41
) 0
9D x
a LI Lz
} Station j+l
(b) Horizontal plane.
\ 0
¢j*1
- X

(c) Torsion plane.

Pigure 3.- Sign conventions for deflections, slopes, shears, and moments
assoniated with a blade segment. Arrows indicate positive directions.
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(a) Forces and moments independent of deformation.

Fiqure 4.- System of forces and moments at a single mass station.
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{b) PForces and mowents dependent on deformation.

Figure 4.- Concluded.
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op

(a) Collective out-of-plane condition.

> ¢

{b) Collective in-plane conaition.

Pigure 5.~ Hub boundary condition representations.



Q
P>
Kg
» Z
(¢) Cyclic out-of-plane condition.
X
Mip /
Kip
» 7
Q
(d) Cyclic in~plane condition.
Y
A
o
‘_Hinge
offset‘j K
B
— 7,

(e) Scissors out-of-plane condition.

Figure 5.~ Continued.
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Hinge
[~ offset ‘]
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(£) Scissors in-plane conditjon.

-

_:’z

) Pitch horn
— offset

Nonfeathering
hub segments

X
(g) Torsion condition.

Figure 5.- Concluded.
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A, Al

N = @)

i-1
> - w2P i (0.‘2 - ai

2
o1 )

(a) Schematic of typical determinant and auxiliary functions.

Extrapolated trial fr quency

(%

(b) Illustration of natural frequency iteration technique.

Figure 6.~ Determination of ratural frequencies using the auxiliary function.
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BLDANL

—

NPT

cacm%\"s

PLOTS/

NO

CALL Summy

I PLOUT
PLOT FREQUENCY
JRSUS 9
[—— SUMM
PRINT OUT SUMMARY o
OF NATURAL FREQUENCY

|

S—

CALL INPT
r
CALCULATE
PARAMETERS
DEPENDENT
ON §
CALCULATE
PARAMETERS
e PUNCH WEIGHT &
INERTEA DATA
FOR C81
CALCULATE
NATURAL CALL START
FREQUENCY FOR
GIVEN 2 AND 8
PRINT
NPYT
@ = TeaLcuiate
PARAMETERS
INDEPENDENT
v OF Q AND &
@ NO AMPLID
CALCULATF
v MODE SKAPE
CALL AMPLTD - _‘l WoPLOT
PLOT YES
MODE PLOT MODE
HAPE SHAPE
NO —
PRINT MaDE )

r l PUNCH
PUNCH MODL

SHAPF

Figure 7.- Computer program flow chart and logic.
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DEFLECTION

8.797 / REV SCISSORS O VERTICAL
i200. RPM D HORIZONTAL
G.0 cou O TORSION
1.0 O
,O\ g
o0 )
AN d
SH— /O O\
IIC Q /
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