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ABSTRACT

The 3eneralized Rotor Performance (GRP) program is a
computer program designed for c¢alculating forward flight
performance of a helicopter rotor system at a specific
flight condition. It can be used to evaluate either an
articulated or a hingeless single rotor system 1in forward
flight or in a wind-tunnel test. The frogram was originally
designed by the Sikorsky Aircraft Company and purchased by
the United States Navy.

The goals of this theslis were (1) to reinvestigate the
theory and 1logic used in the program, (2) to add selected
desirable features to the program, {(3) to produce a much
needed Users' Manual, and (4) to rum an analysis comparing
the program's calculated results against manufacturer's
data, These goals wvere accomplished and the results of the
analysis indicated that the program produces highly accurate
results within the normal cruise range of a modern

heliccpter.
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I. INIRODUCTION

The Generalized Rotor Performance (GRP) program is a
computer program designed for calculating forward flight
performance of a helicopter rotor system at a specific
flight condition. It can be used to evaluate either an
articulated or a hingeless single rotor system in forward
flight or in a wind-tunnel test. The GRP series of programs
were originally designed by the Sikorsky Aircraft
Corporation with the cooperation of +the United Aircraft
Research Laboratories. Werk Dbegan on this series of
programs in 1955 ard has continued to date. The United
States Navy purchased this program in 1964 and has used it
in the ¥aval Air Systems Command as a helicopter perforzance
computer program.

The goals of this thesis were (1) to reinvestigate the
theory and logic used in the program, (2) to ensure that the
Navy's version of this program performed the calculations
according to the design theory, (3) to produce a much needed
Users' Manual, (4) to add <certain desirable features to and
correct errors found in the program, (5) to run an analysis
comparing the program?'s calculated results against
manufacturer's data and (6) to document areas that may need
further attention. The work was done with the help and
cooperation of both faculty at the Naval Postgraduate School
and personnel in the Naval Air System Command.

The output available from the program includes rotor
shaft horsepower, rotor procfile horsepower, wmain cotor
torque, 1lift, drag, thrust, H force, rolling and pitching
pmoments and other forces and moments calculated in  the
shaft, control and relative wind <reference axis systeas.
Also available are the azimuthal historias of the bladet's
flapping angles, rates and accelerations, plus azimuthal and




T e e L R Y DNy PRI )

radial histories of angles of attack, CL, CD, Mach nunmber,
sweep angles and air load distribution. In addition, the
program will calculate a Fourier coefficient series for
flapping angle, radial station air lcads and azimuthal 2
force distribution.

The program can be divided figuratively into three main
routines. The first routine determines a steady state
flapping solution. The second routine determines the forces
and moments generated by this flapping solution., The third
routine compares the calculated results of 1ift, drag and
other options to those desired by <the user. If the
calculated valves are not within a predetermined tolerance,
the program will, by wuse of a <first order Taylor series,
generate new values to reenter into the blads: <£lapping
routine.

The program uses a combined blade element/momentum strip
theory. The blade's radius is divided into a wmaximum of 15
segments., The ©Dblade is advanced around the azimuth in a
prescribed number of desgrees. At each particular azimuthal
position, velocities are computed in the perpendicular (UP),
tangential (UT) and radial (UR) directfons. From these
velocities and a known pitch angla distribution, the lccal
angles of attack are «calculated. From these angles of
attack, the forces at each radial blade segment ars
determined. Once the forces are known, the local moments
can be found., From the summation of these moments at a
particular azimuthal position, the blade flapring
acceleration is calculated., This acceleration, combined
vith the calculated flapping angle and rate, 1is used to
advance the blade to the next azimuthal position. A steady
state flapping condition is assumed tc exist when the Lblade
flapping angle and rate at the PSI equal zero and 360 degree
azimuthal position are within a pra2scribed tolerance of each

other.
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This method of calculation accounts for retreating blade
stall, the reverse flow region and compressibility effects.
The program can accommodate a full range of geometric and
design variables including flapping hinge offset, elastic
flapping hirge restraint, first and second harmonic cyclic
inputs and spanwise variations in bklade twist, local mass
densities, chord and tip sweep. The program uses no snpall
angle assumptions and has no restrictions on tif speed,
forward velocity or advance ratio. The rotor system can be
oriented in any direction 1in space and can be given any
rotor shaft or aircraft roll, pitch or yaw angular
velocities. The program will perform «calculaticns in
straight and level flight or a uniform induced velocity may
be added to simulate climbs and descents. The GRP will
accept up to five different airfoil data decks plus one
blade spar characteristics data d=ck. Lift and drag
information is entered into the program in the form of CL
and CD versus Angle of Attack Tables for up to 15 different
Mach numbers. The wuser has a choice of six methods of
soluticn depending upon the desired restrictions., The user
has available nine printout options, two of which are
program debugging options. There are also error printout
nessages that will assist the wuser having difficulty with
the progranm.

In the mwmethod described above, the flapping motion
determined is about a flapping hinge offset, and with the
elimination of all assumptions that the flapping angles are
small, the rotor control axis (axis of no feathering) and
the tip path plane axis (axis of no first harmonic flapping)
are no longer considered «convenient for reference in the
analysis of rotor blade motion. Therefore, the axis
selected for wuse in the analysis is the rotor shaft axis
system. All forces, moments and angles are referred to the
shaft axis system with the exception of some of the final
output forces which are referred +to the relative wind and

control axis systenms.
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With the use of the computer, the GRP program eliminated
many of the simpliflying assumpticns of the earlier
classical theory originated by Wheatley and Bailey in Ref. 1
and 2. The assumptions of <the classical theory d4id not
impose serious limitations in low speed flight, but as
helicopter speeds increase, the inaccuracies inherent in the
theory seriously limit +the usefulness of this method. The
assumptions of the Wheatley-Bailey theory which are not
rresent in the GRP program include the following.

1. The flapping and inflow angles are assuned

small.

2. The 1lift and drag coefficients are approximated
by a Jinear and a gquadratic variation,
respectively, with angle of attack.

3. The effects of Mach number on CL and CD are not
considered.

4, Sectional characteristics in the reverse flow
region are the same as those 1in the
conventional flow.

S. The sectional <characteristics of blade twist,
tip sweep, flapping hinge offset and =root cut
out are ignored.

While the GRP program represents a refined approach to
the classical theory, there are still some basic assumpticns
which make the GRP subject to error. These ares:

1. Steady state two-dimensional airfoil data are

used.

2. Quasi-static blade analysis is used.

3. The rotational speed about +the shaft axis is
constant. There is no lead c¢r lag waotion in
the program.

4. The rotor blade is assumed rigid in bending and
torsion.




5. The rotor ,inflow is assumed uniform unless

varied by the usert.

6. Spanwise flow is incorporated into the

calculation of blade angle of attack; hovever,
it is assumed that the flov at one segment does
not affect the flow at any othsar segment.

It is felt that ‘the errors induced by the above
assumptions are relatively small in the normal cruise sceed
region of a modern helicopter. This is the region from just
below the minimum power airspeed +to the maximum allowable
cruise speed. The program can - not calculate rotor hcver
power. This 4is because one of the factors in the
denominator in the main routine which estimates new flapring
routine reentry parameters is the advance ratio. Since the
advance ratio is zero in a hover, the computer would attempt
to divide here by the nnmber zero. Highly accurate results
are not available in the airspeed region from hover to just
below +the minimuam power airspeed while using the normal
uniform 1inflow assumption, This 1is a region of highly
non-uniform flow. variable inflow may be inputed by the
user, However, at this time, no information is available on
how successful +this technique is in accurately estimating
the required trotor system hcrsepower. W#hile the program's
required technigue fbr inducing harmonic variable flow is
Cumbersome, Bbramwell in Chapter Fcur of RrRef. 6 describes
several amethods which could be incorporated into the
pregram.

The gquasi-static blade analysis assumption is valid
except in the very high speed region where a large
percentage of the retreating blade is in a stalled
condition. This is an area of aerodynamic hysteresis that
is influenced by unsteady aerodynauwics. While encountering
1ift hysteresis, the amount of 1ift change above the stecady
state CL 1s about the same as belov. However, the 1if%
distribution on the rotor disc will changs. Stall 1is

delayed and occurs at a slightly later azimuthal station

13,
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then predicted by quasi-static analysis. While difficult,
complicated and computer-time-consuming procedures <c¢an be
taken to reduce these assumptions there is no guarantee that
the accuracy of the solution will improve. It is felt that
the present pregram produces highly accurate results in the
flight range of interest in a modern helicopter,




II. METHOD_OF ANALYSIS
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A, GENERAL COMMENTS

The GRP uses a combined blade element/momentum strip
theory in its calcultions. The blade radius is divided into
a maximum of 15 segments or strips. Figure 1 illustratas a
typical blade element. 1In crder to cbtain a steady state
flapping solution the program @must <calculate the time
history of the flapping motion. This necessitates a
complete knowledge of the flapping angles, <rates and
accelerations, The time thistory of this wmotion must be
found by solving the highly non-linear equation for +the
suamation of wmoments about <the flapping hinge. Pigure 2
illustrates the forces which produce moments on the rctor
system. The blade has aercdynamic fcrces acting upvards,
blade weight acting downwards, centrifugal fcrce acting
outwards, an optional elastic hinge 1restraint acting to
return the blade to a zero flapping angle and an inertia
force resisting any change in blade flapping. The moment
summation eguation about the flapping hinge may be written

-

as

(1) Hapge * K, + By + B « ¥ 0 =0,

The moment due to inertia force <can be expressed as Rﬁ,
Wwaere I, is the tlade moment of inertia about +the flapping
hinge. Substituting this into equation 1 and solving for g,
the following governing equation is obtained.

L 3
(2) @ - Howeo + My, + fg *+ HNeun
Iy

If the angle of attack and local Mach number at each

blade segment were known, the CL and CD could be obtained
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Figure 1 Blade Element Diagram
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Figure 2 Rotor Blade Mcment Diagram
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from the inputed airfoil infcrmation. The local aerodynanic
forces and moments can be calculated and the flapring
acceleration determined. Equation 2 can be rewritten as

se w segmente
(3) @n = F ( dlagaoy * Ay + Al 4 Algue; )
in

Iy

The flapping angle and rate at the (N + 1) azimuthal
position could be obtained from the following expressions.

(%) .@hﬂ - Qv\ * .é“ At'
-
: t
O o = B+ Bost ¥ B oE

However, since the flapping is periodic in nature angd
has a direct relationship to the azimuthal angle, PSI, the
values for flapping are solved with respects to PSI, vice
time. The values of LL, ¥ and time are related by the
equation AY =nat. Therefore

@ B=2=.ndt =nb

£oR T
e - a _ - _f
M g=5k=gh ®

The governing equation for the £flappiny motion now
becomes

5w
(8) e = Magaog * B * ler + Newr
I\_.n."'

The flapping solution is based on the assumption that
the angle of attack is known. However, it is not and the
program must proceed through an iterative process in crder
to determine the inflow ratio, collective pitch and cyclic
input angles required to generate the desired forces,

17.
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B. ANGLE OF ATTACK CALCULATIONS

A very important and basic part of this program is the
procedure by vhich the 1local angles of attack are
calculated. While the program will <calculate angle of
attack with any angular velocity applied either to the rotor
system or the belicopter, the development here will describe
level flight only. The <classical approach ignores radial
flow, UR, and the angle of attack would te obtained as shown
in Pigure 1. However, as the blade rotates abcut the shaft,
it will encounter a large variation in radial £flow. The
program attempts to compensate for this radial £flow in the
following manner. Instead of the inflow angle PHI equalling
the arctangent of UP/UT, it is s=2t equal to UP/UTUR where
UTUR is the resultant velocity in the tangential and radial
direction. This is illustrated in Figure 3. The ©pitch
angle is also reduced by the cosine cf the sweep angle. The
angle of attack is now calculated in the sweep plane. This
three-dimensional angle of attack 1is 1lower than the
classical two-dimensional angle,

The program enters the CL, CD tables with this sweep
plane angle of attack and the sweep plane resultant Mach
number. The program computes the forces using the velocites
in +the sweep plane, UP and UTUR, and the blade chord
geometry in the normal plane. Once the forces are computed
in the sweep plane they are resolved 1into their respective
directional forces.

This three-dimensional angle of attack, due +to sweep,
will delay stall on the «zrctor by reducing the angle of
attack, This describes what actually occurs on the blade.
However, it is felt by previous personnel using the prograa
that there is a point where the svweep becomes so large that
it tends to wash out the 1ift being rroduced. The prograa
has been modified to reduce CL by one half for sweep angles
between 60 to 72.5 degrees and reduce CL to zero for sweep
angles between 72,5 and 90 degrees. These high sweep angles
occur normally only on the inboard tlade segments of the

18
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Figure 3 Spanwise Flow Diagranm
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retreating blade in and near the reverse flow region.

UP, UT, UR and pitch angle for level flight are shown in
Pigures 4 and 5. They are calculated in the followving
manner. The radial velocity, UR, is calculated as

() UR = (Vcosgg)cosYt cos@

The tangential velocity, UT, has two components, The
first is the local rotational velocity, ¢, the second is a
sinusodial component of the <forwari flight velocity. The

general expression for UT is
(10) UT =SLt + (Vcosdg) sin'y

This expression contains a small angle assumption in the
term sy for blade flapping angle. The program acccunts for
the fact that the flapping angle does reduce the true radius
slightly by using the following formula

(11) UT = (E/R + (r - E/R)cosB )L + (Vcosds)siny
The perpendicular velocity, UP, consists of thres ternms,

the inflow ratio, a flapping velocity and a small component
of forward velocity. The inflow ratio is defined as

(12) A = S!si_ndﬁ o

The seccnd component is a verical flapping velocity
which is a function of flapping rate and radius. This is

computed as
(13) gp(2) = (r - E/R)%

The third component is due to the fact that there is a
spall component of the radial flow which acts in the UP
direction due to blade flap angle. This is equal to

20,
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UP = MHRcos$ + (v - E/R)é + (Vcosd, )cosYsing
UR = (Vcosdg)cosycos@
N\ NLRcos B
- A QR
_%
(TN
(r-e/RQ
)
(b)

(Ncosd sycosW

C(Nveosds) Cos¥yswd \/a' U
//b/
— \
(©) r——

Figure 5 P and UR Disgram
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(14) OP(3) = (Vcosdg)cosY sinh
The total formula for OP is
(195) up = .)JLRcosQ + (r - E/R)? + (Vcosds)cosYsin@

The pitch Angle (9) is expressed in equation 16. .75
is the pitch angle at the 75 percent radius position, 8’ is
the twist depending on the relationship of the location of
the blade segment to the r = .75R location. The next four
terms are the first and second harmonics of cyclic pitch and
(tan§3)@ is the coupled effect of the flapping angle on

the pitch angle.

(16) 8 = (B¢ + & - A1Scos¥ -~ B1Ssin¥ - A2S5cos2Ww

- B2Ssin2¥ - tan () @ ) cosAsw“?

The local Mach number is calculated as Usa where a is
the speed of sound and U is given in egquation 17.

(17) U = (Up* + uT* + UR*)'™

The angle of attack can now be calculated. Figure 1
illustrates that & = ©-¢ . 1Initially, the program requires
estimated values for the inflow ratio, collective r[pitch at
the PSI equal zero position, harmonic cyclic inputs, blade
twist and initial flapping angle and rate. The user can
either input these values or accept the program's automatic
default valuyes of =-.02, 5, =-1.2, 7.53, 0, O and 0
respectively. Using these assummed values, the initial
angle of attack can be determined as fcllovs.

gp = 111Rcos@ + (r - E/R)é + (Vcost)cos?sin@
reduces to
Up = ALR
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UT = (E/R + (r -E/R)cosf)L + (Vcosds)siny :
reduces to

UT = (E/R + (r -E/R))Lu 3

UR = (Vcosds) cos¥cosp é

reduces to i

UR = VCoS ks :

In the program VcosSdly is replaced by the term xOQR whereu E

is the advance ratio in the shaft axis systenm. Since the :

local pitch distribution and inflow ratio are estimated, the
local angles of attack can be determined. The next section
describes the method used for calculating flapping angle and
rates at the N + 1 azimuthal position. 3

k3t

C. METHOD OF SOLUTION FOR THE FLAPPING EQUATION

In the preceding section, equation 8 was developed in 3
order to calculate the time history of the flapping mcticn.
*n ’

(8) (5 = Mapro * Nyt Mg * Ueue :
I\'J'):- ;

The relation involves a complicated second order 3
differential equation for establishing the flapping angle as k|
a function of PSI. The numberical solution is accomrlished
by use of a finite difference eguaticn and a step-by-step :
procedure, An important characteristic of the solution is i

that it is periodic in nature, Tw: fur~tion which
j represents a steady state flapping solwution has the property i
B(y) = B (w+aw). Using this fact, a Fourier harmonic series ;

can be written to describe the blade flapying mcticn. :

; (18 @ = a0 - Alcos¥ - Bisin® - A2cos2¢y =~ E2sin2¥ - 3
{ ' A3cos3¥ - B3sin3v ....

By assuming that the first harmonic flapping is much larger

el




than the other higher harmonics, the series can pe reduced
to

(19) @ = 20 - Alcos¥ - Bisin¥

This equation can be differentiated with respect to P3I

to obtain

'y
(20) @ = atsinw - BicosWw
21 ‘6 = Alcosw - BlsinW®

- +n
Assuming that the values of @, 6 and @ are known at
some azimuthal position, the following equations must hold

(22) @« = A0 - Alcosw - Bilsinw
‘

(23) Q, = Alsinw - Blcosw

(24) @, = Mlcosv ¢ 31sin¥

These equations can be solved for the ¥ + 1 azimuthal
position by substituting Wae = ¥ne ¥ into the above
formulas. The flapping angle 2quation becomes

(25) @aa, = AO - MlcOS(Hh +AY) - Etsin (Wa ¢AN)

By using the following two jdentities equation (25) can
me rawritten as equation (28) .

0]

(26) cos(Wa *AY) cosW, COSAY - 5in¥, sinaAy

u

(27) sin(% +av) sin®, cosay + cos¥asinaN

(28) @ﬁ“ = A0 - A1(COSWacCOSAN -Sin¥a sina¥)
- Bi(sin¥.cosAvw - cOoSWa SinAw)

The terms can be rearranged into cquation 29. The =ame
-~
proceaure can be used to develop equation 30 for @.

1]

(29) an\ A0 -~ cosAg¥(Alcost¥y + Blsin¥w)
a + sinAw (A1sin®a - Bilcos¥a)
(30) Buys = COS AP(315in'a ~ Blcos¥a)

+ sinAw{A1cosSWa *+ BisinW)

Substitution into equations 22, 23 and 20 reduces these two

25.
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expressions to the flapping equations used in the progranm.
The user can either enter the value for AY or accept the
programs automatic default value of 15 degrees.
” - * X
BN Ban = B cos b + Bo sin o
- L3 S
(32) Q;M\ = @“4. @,\1.;'.: av « (\- cos AW) %n

While this integration scheme is not one of the standard
methods used, it is very useful inm obtaining periodic
solutions for differential equations similar to the one used
here. Notice that for small values of &Y the trignometric
expression can be reduced to an ordinary Taylor series. By
assuming sin AW equals AY and cos AV equals one equation 29
reduces to

“* - b
(33) Baa = Ba + 8¥ G4

By assuming sin AW equals AY and ccsAW egquals the first
2
twc terms of the cosine series 1 - A-% eguation 32 can be
reduced to

- N L
(34) 6“*\ = B, + AY @“ “ .a_(AW\ <

D. PORCES, MOMENTS AND RADIAL INTEGRATION

The forces acting on a rotor blade may be found by the
summation of the elementry forces along the span at any
azimuthal position, The forces considered by the progran
are the resulting aerodynamic forces only, and are initially
summed in the shaft reference axis system. The t¢rogran
computes forces in thrse axis systems. They are +the (1)
shaft, (2) control and (3) relative wind axis systems.

The program radially integrates differently for 1ift and
drag calculations. The drag is calculatsd from the hinga
offset, E/R, to the rotor tip. The 1lift it calculated from

26,
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the hinge offset to the next to last rotor blade segment.
The last segment is considered a blade “Tip Loss Factor"
segment. It is assumed that the tip trailing edge vortices
cause no 1lift to be produced in this segrent. The normal
procedure is to define this sagment as the last <three
percent of the rotor blade radius.

The first of the maximum 1% blade segments is
considered the spar or cut out segment. This is defined as
the area between the hinge cffset and the point where the
airfoil actually begins. If no spar data are entered, it is
asssumed “hat this first segment produces no 1lift and drag
is obtained Ly using the CD verse Alpha Tables for the first
blade airfoil data deck entered. If spar data are entered,
the first segment and all other segments designated spar
segments will have the lift and drag characteristics of the
entered spar data.

E. AZIMUTHAL INTEGRATICN METHOD

onue the integration of the rotor forces and moments
along the blade 1is <complete, an integration arocund the
azimuth must be performed in order to obtain <the average
forces and moments. Since the soluticn of the flapping
equation 1i1s obtained by a step- by~ step method, +the
integrands of the integrals cver Y are known only at a
certain number of equally spaced points around the azimuth.
For equilibrium flapping the integral is a periodic function
of W , and for this case integration <can be shown tc be
equivalent to an averaging process. This result nmakes the
azimuthal integration simple. The following method is used
vhere N is the number of azimuthal r[ositions used in the
calculations and b is the number of tlades.

ar R N W,
(35) _1‘2; g 5 FLX,W}Jld‘?:%Z z d F (9
° © t‘t\ .xl\
22,
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F. MAJOR ITERATION

Once the program has calculated a steady state flapping
solution and has dJdetermined the resulting forces and
moments, a question remains to be answered. 1Is this the
desired solution and, if not, what must be done to obtain
this solution? In order +to solve the flapping equations
certain known or assumed values were used, including inflow
ratio (A ), collective pitch (8.75) and the cyclic pitch
(A1s, B1S, A2s and B2S). One method, first described in
Ref. 3, is to iterate on the required 1lift and drag thrcugh
modification of A and 8.75, where .75 is +the pitch angls
at the 75 percent radius station at the PSI equal 2zero
azimuthal position. The modified values are then reentered
into the flapping routine and the calculation is fepeated
until it converges to within a specified tolz2rance on the
required lift and drag. Drag is used here in the sense of
negative rotor ©propulsive force. The program procedure is
outlined below.

The required <rotor 1lift and fpropulsive force are
expressed in terms of the magnitude and direction of the
resultant force in the longitudinal plane. These are shown
in Figure 6 where it can be seen that

(36) a" = clg+ at

|
BN Ry o= (B ¢ (R ) )
(38) i = 3Lcos(a") D = glsin(a")

The reguired 11lift and propulsive force arnd their
resultant are shown in Figure 7. In a similar way,

ta,
*
(399 R = (Lo + Dg )
(40) a" = arctan (Dg/Lgy)
29,
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The differences between the required and the computed 31
and a" values are defined zs

(4) ARy =B - R

L1] " - "
(42) p a ag a
In order to correct N\ and @.75 to compensate for the
difference between (R‘_g'a."p) and (Rn.,a.'\ , the required
values are expanded in a Taylor series with A and 8.75 as
variables. The first order eguations are:

e Q
(43) Rﬂ.g= Rg. + I3 AN %—Bis A©Ag

y "4+ N& AN+ dal
(44) Qg = & * A AO.As
® A 2©as

Solving the eguations for the iteration on D and .75
yields

4S) AN = 2218 deny
B TR VU TR

Now that qf&' RL and a"g and a'" are known, the corrected
values of A and ©.75 can be approximated by:

W7 A = A~ A Gnsy = Bas + A0

In order to solve equa*tiocns 45 and 46, the values of the
partial derivatives in these equations must be <found. The
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P, Figure 6 Resultant GRP Force Calculation Diagram
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Figure 7 Required GRP Force Diagram

20,

ek i | b



S R P KA szmww“?wmtf“ﬂmwwl'l I m

e TN

Seaw o e

procedure used in based on the Wheatley-Bailey method and
the formulas can be found on pages 186 and 207 of Ref. 4.

Reference 5 outlines the
derivation was performed and

this thesis.

G. PLOW CHART

The flow <chart in Pigure 8
the relationship between the various parts of the GRP

progranm.
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GRP FLOW CHART

Part I

1. Inputs
2. Assumed Values
3. Starting Values

s

Plapping Iteration
{One Revolution)

Check Convergenca
of @ and 8 .

Yes No

L

—

Part 1II

Force and Moment
Integration

Part III

[ Check Tolerance
on Lift and Drag

Yes No

Yodify
N and &.

1S

Print Options
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ITT. GRP_USERS' MANUAL

The GRP currently has the capability to enter over 200
individual case variables and option selectors. Presently,
170 are available to the wusers. This manual explains the
input and output format of +this GRP rrogranm. Examples of
both input and output are given in order to make the use of
this program easier. This manual is divided 4into the
following areas of discussion.

A. Main Iteration Options

B. GRP Data Deck Order

C. Airfoil Data Deck Reguiremants
D. Spar Data Deck Requiregments

E. Sample Data Input Format

P. Case Input Listings

G. Case Input Default Values

#. Case Input Data

I. Case Input Format

J. Case Optional Output Indicators
K. IBM 360 Execution Control Cards
L. Sample Program Output

It is recommended that the user examine the GRP Case
Input listing carefully, since a few options require certain
variables to be inputed which are not necessarily lccated in
the same general area of the input listings. An attempt has
teen made ¢to list all input variablss concerned with the
different options in the discussion ¢f each option and input
variable.

A. MAIN ITERATION OQPTIONS

The GRP offers <+he user six diffsrent options for
determining a solution, They are as fcllows,




1. Normal Routine

i e S i s s = B v

In the normal solution to the problem the computer
¥ill vary +*he inflow <ratio, LAMBDA, and the pitch angle,
8.75, in order *to produce the required 1lift and drag. The

» cyclic inputs, A1S and B1S, are considered constants.
Uniform inflow is assumed unless the user induces a
non~uniform inflow by the use of variaktles 117 and 118, LAML
and UVL. The program will calculate the required shaft axis
angle and position of the control axis from the fixed value
of B1sS. In all of the options, the user has a <choice of
using either a program calculated first estimate of flapping
angle, velocity and acceleration or an initial value of zero
for all of the above. Either method usually requires the
same approximate amount of computer time. The variable
PCNV, item 97, determines the method to ke used.

2. Desired Flapping Angles

This option allows the user tc specify +the desired
longitundinal and 1lateral flapping angles with respect to
the rotor shaft axis. The program at each intermedient
force iteration will wvary a1s, B1S, inflow ratio and pitch
angle. Variables 100 and 112, 113 and 114 control the use
of this option,

3. short Iteration Scheme

This option follows +the normal roudtine with one
ma jor exception. The program will make only one fass
through the flapping routine on each major iteration. The

. program may or may not arrive at a steady state solution for
flapping in +the first few iterations. It is assumed that
the first few 4iterations in +he norpal <routine are only
rough estimates of the way the variables should be changed
and that an exact flapping solution is not actually required
if +the user 1is only interested in +transient <flapping

34,
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behavior. In order to use this routine, the user must input
a2 negative number for the variable XITLIM, item 73. The
absolute value of XITLIM will still determine the maximum
allowable number of times the program will enter the major
iteration routine.

4. Trimmed Moments

3 This option will follow the Normal method described

B in paragraph one. The Normal method will only converge on
lift and drag and will not consider the moments produced.
If the variable TRIM, item 160, were assigned a non-2zero
value, the prograr would attempt +o trim out the pitching
and rolling moments about the rotor shaft. It is suggested
that this be done in a two case run. The first case should
be a normal run, with the desired printout. Then, for the
second case, input the variable TRIM, This will do two
things. PFirst, it will provide a ccnverged sclution without
consideration of moments. Secondly, it will allow the full
number of iterations to be used to reduce the moments. The
program does this by a short routine varying A1Ss and B1S.
During this process, the whcle flapping and force iterations
must be repeated, but it will at least start by wusing a
converged solution. The variable PCNV, item 97, should be
non-zero to allow the flapping solution from the previous
case to be wused as a first estimate in this case. Setting
the variable SKIPIN, item 91, equal to zero will allcw a
force and moment summation to be' outputed for each major
iteration, This will allow the user +to see exactly how the
program is proceeding.

5. IQB_Option

In this option, the program iterates upon the
required 1ift but ignores any values inputed for required
arag. This option can be used to sipulate a vwind-tunnel
test, The user must input the shaft angle, item 117, and

Coe
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the pitch angle, item 87. These two inputs will be held
constant. The program will iterate on the inflow ratio,
LAMBDA, in order to obtain a solution. The variable TOP,
item 96, controls the use of this opticn.

6. ALORI Option

This option, like TOP, is a wind tunnel option. It
also iterates on required 1lift only. However, here the
shaft angle, item 111, and the inflcw ratio, item 88, are
required inputs and are held as constants. The program will
iterate on the pitch angle, item 87, in order to determine a
solution., The variable ALOPT, item 110, controls the use of
this option.

B. GRP DATA DECK ORDER

Data 1is entered into +this program in the following
order.
1. Airfoil Lift Coefficient Table
2. Airfoil Drag Coefficient Table
(Repeat steps one and two as necessary.)
3. Case Irput Data
4. Harmonics of the Inflow Ratio **
5. Spar Lift Coefficient Table *+
6. Spar Drag Coefficient Table *%
*x Optional Data

C. AIRFOIL ELADE DECK REQUIREMENTS

The GRP program requires that all CL and CD information
be entered into the program in tabular form. Tables for up
to 15 different Mach numbers and five different airfoils can
be entered. The program currently does not use cr reqﬁire
values for the Coefficient of Moment, CM. Since certain
seqgments of +the retreating blade are in the reverse flow

region, angle of attack +tables are required %o include
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valued from -180 degrees to +180 degrees. If they are not
included, an error message will be printed when the progranm
can not locate a value for CL and CD at these large positive
and negative angles of attack. If complete angle of attack
information is not available for a particular airfoil, the
nuser can use the values provided in Section E. It is
realized that available data on airfoil behavior at large
angles of attack are very limited, but so is +the region on
the rotor disc where +the ©blade operates at these high
angles. Since this occurs only immediately arcund aand
within the reverse flow region where dynamic pressure is
low, little precision is lost 1in performance calculation by
using one common representation for most airfoil behavior.

As a minimum, two values for CL and CD zt two different
angles of attack and Mach numbers must be supplied. As a
paximum, 15 different values of Mach number may be entered,
Bach Mach number may contain up to 48 different values of CL
and 48 different values of CD and their associated angles of
attack.

The first Mach number must be equal to zero. This table
can be an exact duplicate of the lowest Mach number table
the user has available. The highest Mach number table
should be high enough in crder to prevent the program from
stopping because of a local Mach number higher than that in
the table. A quick check can be obtained by adding together
the rotor tip wvelocity and the forward flight speed. This
combined velocity, divided by the local speed of sound, must
be 1less than the maximum Mach numker entered into the
program. The program linearly interpolates between Mach
numbers and angles of attack in order to determine the value
of CL and CD. The subroutine BLINU does the interpolaticn.

Several options are available to help reduce the number
of data points that must be entered. If +the airfoil is
symm@etrical, +the user only nzeds to enter values for
positive angles of attack., The program will assign the

7.
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appropiate sign to the value of CL and CP according to the
sign of the angle of attack. This is accomplished by case
input variable 107, SYM. This optiogn can also te used for a
cambered airfoil where values of CL and CD at negative
angles of attack are unknown.

Values for large angles of attack need not be entered
for each Hach number by making use of the progranm's input
variables 156 and 157, or their automatic default values.
Yalues for large positive and negative angles of attack need
only be entered for the two lowest Mach number tables. The
lowest Mach number table must be at a Mach number equal to
zero. If an angle of attack 1is greater than variable 156
(HIALPA) or 1lower than variable 157 (LOALFA), or the
programs default values of plus and minus 30 degrees, the
Mach number is set equal to zero. This ensures that cnly
the first two Mach numbers have to carry the whcle range of
angles of attack from ~180 to +180 degrees for a caabered
airfoil or from zero +to +180 degrees for a symmetrical
airfoil.

The format of the <table input will now Le descrited.
The first data card contains the variable WELADE. This
controls vhether or not the user receives an echo printout
of the Blade Airfoil Data being entered. If the value of
WBLADE is equal to zero, the user will not receive an echo
printout of the Blade Data. If WBLADE is a non-zero number,
the user will receive the echo printcut. The read format
for WBLADE is PF10.0. WBLADE is the only item on the first
data card.

The next card also contains only one piece of data,
NBLADE. U¥NBLADZ is the number of different airfoil data sets
to be used and appears on this card in an I2 fe¢rmat. This
program will accept up to five different blade airfoil data
sets, It will also accept one blade spar data set. If the
rotor blade being analyzed were coaposed of threce different
types of airfoils, NBLADE wculd equal three. However, if
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the blade consisted of three sections, of which the first
and third section were the same, NBLADE would equal two. It
is explained later how the blade segments are assigned their
respective airfoil type. This arrangement provides the user
with the ability to vary the make-up of the blade while only
having to enter into the program once a particular set of
airfoil data.

The above +two variables, WBLADE and NBLADE, are only
entered once for each complete computer run which uses the
same set of airfoil data. The following information will be
entered twice for each type of airfoil used. It will be
entered first for CL and secondly for CD for each type
airfoil. The overall format is summarized below.

Card 1 WBLADE
Card 2 NELADE
Card 3- CLt*s for airfoil number one

CD's for airfoil number one
CL's for airfcil number two
CD's for airfc¢il number two
Repeat as necessary.

Card number three contains the variable ¥z, which is the
number of Mach numbers for which CL's will be entered for
the first airfoil. This number must te right djustified in
I2 format, The maximum number of Mach numbers for each CL
and CD for one airfoil is 15. This is the only number
entered on this card.

Card number four begins the actual Mach number, CL
versus angle of attack tables. The format in this paragraph
mnust be repeated for each Mach number. This first card is
divided intc 11 fields (12, 10F7.0). The first fiz2ld is a
two-digit, right-justified integer in 1I2 format. It 1is
egual to twvice the number of data pairs for this Mach number
plus +two. This +tells the computer how wmany numbers are
required to be entered for this particular Mach number. A
data pair consist of one angle of attack and its associated

39.
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CL or CD. The remaining ten fields are <each seven columns
long in floating point or F7.0 format. These fields begin
in ¢c¢lumns 3, 10, 17, 24, 31, 38, 45, 52, 59, and 66. On
this first card, the field that starts in column three
contains the number of data pairs at this Mach numker. The
field that begins in columns 10 is the actual Mach number.
The remaining eight fields on this c¢ard are for the first
four data pairs starting with the lowest angle of attack and
increasing towvards the highest angle of attack. If a
symmetrical airfoil option is used, the 1lowest angle of
attack is zero. If a non-symmetrical airfoil is used, ths:
lowest value for the first two Mach numbers should be -180
degrees and for all the remaining Mach numbers the value of
LOMACH entered or =30 degrees.

All the remaining cards for +this particular Mach nuwmber
will contain the data rairs. These cards contain ten fields
each, the first field consisiting of nine cclumns and the
remaining nine fields consist of seven columns beginning in
cclumn ten and following the same format as the first card.
The format is (F9.0, 9F7.0). This card is repecated as often
as needed. Columns 73-80 are not read and may be used for
ccmments.

This procedure is repeated until all the CL's are
entered. Once completed the program is ready to enter the
values for CD. The whole procedure is repeated again,
starting with the value for NZ representing the number of
Mach numbers for which CD's will be entered. If more than
one airfoil data deck is to be used, the abcve procedure
will start over again by reading in the value of NZ for the
nunber of Mach numbers to be entered for values of CL for
the second airfoil. The number of data pairs for each Hach
number must be Dbetween 2 and 48, The number of "twice the
data pairs plus two" must be between 6 and 98,

Prior to entering the airfoil data, the user should
review th2 following input variables.
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1. SYM (107) - Symmetrical and nonsymmetrical
airfoil data input ccntrol.

2. HIALFA (156) - The highest angle of attack for
vhich values of CL and CD will be found at all
Mach numbers.

3. LOAFLA (157) - The lovest angle of attack for
which values of CL and CD will be found at all
Mach pumbers.

4. SPAR (103) - Number of segments using spar
airfoil data,

5. TIPSWP (158) - Amount of tip sweep in degrees.

6. TPSWST (159) - Blade <csegment number at which
the tip sweep begins.

7. BSPL (120) - Input <control variable for spar
data.

8. RB(I) (161-175) - Controls the blade segment
airfoili data assignment.

. SPAR DATA DECK REQUIREMENTS

The format for spar data are similar to that of the
airfoil data with the exception that only one set of spar
data can be entered into the program. 2efore the prcgram
will read spar data, input variable number 120, BSPL, must
have a non-zero value. In addition, variable 103, SPAR,
must indicate the number of blade segments which are using
the spar data. The program auntomatically assumes that the
first segment is a spar segment. This is further explained
in the Case Input section. The spar data are the last tc be
entered into the program. This is an optional input and is
not required. If spar data are not inputed, the progranm
will assume that the one automatic spar section creates no
lift and has the drag characteristics of the first airfoil

section entered.




The format for inputing spar data are as fol. ows. The
first card contains the variable WRSPAR in F10 O format.
A non-zero value of WRSPAR causes an echo printout of spar
data to occur. The remaining spar data are handled the
exact same wvay as the airfoil section data, starting with
the variable NZ. There is no input similar to that of the
airfoiX section stating how many different spar data decks
are being entered since only one is allowed. As before, a
ninimum of two dtach numbers are required to be entered. The
blade segment printout indicates spar segments by the use of
a "0" for that segment.

Input variables associated with SPAR data are as
follows.

1. SPAR (103) - The number of Llade segments using

spar data.

2. BSPL (120) - Input wvariable which contiols the

input and use of spar data.

E. SAMPLE BLADE INPOT

The next several pages illustrates the sample fcrmat for
a blade which has the following characteristics: (1) an
echo printout is not required, {2) there are +wo airfoil
decks to be read in and (3) +the first airfoil deck has nine
values of Mach numbers for which CL's are to be entered.
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F. INPUT CASE LISTING
GRP CASE INPUTS
ITEM PROGRAY
NO. DESCRIPTION VARIABLE DIMENSION REQUIRED -
1 Tip Speed OMEGAR FPS YES g
2 Radius R PT YES i
3 Speed of Sound SPSD FPS 1ES &
4 Air Density RHO SLG/CUFT YES :
S No, of Blades XNB - YES
6 Forward Speed VEL RTS 89, 90
7 Of fset Ratio of EQ - YES
Flap Hinge (e/R)
8-22 Delta X DX (15) - YES
23-37 Local Twist TW(15) DEG 92
38-52 Local Mass Density XMASS (15) SLG/FT 78,79
53-67 Local Chord c rT YES
68 Delta 2SI . DPSI . DEG " ¥
69 Plap Iteration Limit FTRL - s j
70 Initial Beta BIN RAD " 3
71 Initial Beta * BPIN RAD/SEC  ** 1
72 Initial Beta ** BPPIN RAD/SEC*#2%%
73 Lift and Drag, XITLIM - %
Iteration Linmit 3
74 Required Lift RL L3 YES '
75 Required Drag RD LB 85 :
76 Lift Tolerance ILTOL LB *x .
77 Drag Tolerance XDTOL LB ok f
78 First Moment about  FNOM SLG-FT 38-52 L
Plap Hinge (M)B
79 Second Moment about SMOM SLG-SGCET 38-52 -
80-82 Shaft Orientation AG,BGL,CG DEG % f_
83 i%;ig~ﬁ%g£tgog?ling TD3L DEG - i
84 Drag Increment DELD - - -
85 Lat, Cyclic Pitch  A1S DEG o g
48, .




s 1

-

86
87
88
89
90
91

92

93

94
95
96
917

100

101
102
103
104~-105

106
107

108
109

110
111 -
112-113

114
115
116

117
118
119
120

Long. Cyclic Pitch
Collective Pitch
Inflow Ratio
advance Ratio

YEL Control
Iteration Output
Linear Twist

No. of Blade
Segments

clinmb Rate
Flat Plate Area
Thrust Option

Flapping Re-Use
Indilca®or

Mo Iteration
Tolerance

Beta Tolerance
Beta* Tolerance
Spar Segments

Second_Harmonic
Control Inputs

solidity

Symmetric
Airfoil

spring Constant
Damping Constant

Lift Only option
shaft Angle

Desired A1 and
B1 Flapping

A1, B1 Tolerance
Tangent Delta 3

Phase Angle for
Delta 3

Induced Velocities
Tnduced Velocities
Not Used

Input Spar Data

49

B1S
T75
LAMBDA
MUL
UIN
SKIPIN
TWIST
XNSEG

RCFPM
FPAREA
TOP
PCNV

ABIT

BTOL
BPTOL
SPAR
A2S,B2S

RSL
SYHN

SFH
FDUP

ALOPT
ALL

RA1S
RB1S

TOLAE
TD3B
PHD3B

LAML
ovL

BSPL

DEG
DEG

DEG

FPH
PT *%*2

vT-LB/RAD

PT-L3/
RAD/SEC

DEG
DEG

DEG

DEG

*%
E 2 ]
%k
6, 90
6, 89
%
23-317
K

75

%%

* K

x %

o AT e D



121

122

123

124-125
126
127-137
138

139-141

142
143
144
145
146

147
156
157
158
159
160
161-175

Azimuthal Printout
Indicator

Minimum Lift
Curve Slope

Iteration Gain
Pactor

Not Used
Pre-Coning Angle
Not Used

Hub Moment Inplane
Aero Forces

Aircraft Yaw, Roll
and Pitch Angular
Velocities

CG Staticn

Rotor Center Staticn

CG Waterline
Rotor Waterline

Aircraft Lateral
Velocity

Spar Symmetry
Airfoil Tables
Aizfoil Tables
Tip Sweep
Svweep Station
Rotor Moments
Rotor Blade

Airfoil Data
Assignmnents

PPSI
ATEST

IGC

PSIS
THFS
Fs5CG
FSHKR
WLCG

WLMR
VELY

SYMSPR
HIALFA
LOALFA
TIPSWP
TPSWST
TRIY
RD

DEG

RAD

RAD/SEC

INCHES
INCAES
IRCHES
INCHES
KT 3

DEG
DEG
DEG

** program has automatic default value.

n

*%

* %

%
*%
* %

%

%

R U D S S -

2t b

N RV T “




3

ITEM
NO

68
69
73
16
77
81
85
86
87
88
91
93
97
101
102
114
121
122
123
156
157
159
161-175

B s T UL

G. GRP INPUT DEPAULT VALUES

PROGRAM VARIABLE
DPSI
FTRL
XITLIM
XLTOL
XDTOL
BGL
A1S
B1s
T75
LAMBDA
SKIPIN
INSEG
PCRY
BTOL
BPTOL
TOLAB
PPSI
ATEST
IGC
HIALFA
LOALFA
TPSWST
RB

B e P L CH e A

DEFAULT VALUE
15.0

15.0

15.0

100.

50.0

90.0

-1.2 *

7.53 *

5.0

1.0

* 0. if ABIT, item 100, is non-zero

** =50 is TOP, item 96, is non-zero

ol.
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H. CASE INPOT DATA

Many of the case inputs are self~explanatcry by their
name listing alone, however, wmany are not. This section
will explain the input variables and case options available
to the user.

The program enters all the variables into a 200 element
array called V(I). Prior to entering case data, the progran
will automatically do two things. Tt will dnitialize the
array V(I) to a value of zero., It will assign the default
values listed in the previous section to those particular
variables.

The V(I) array is associated with the variable names by
equivalent statements. The user needs only to enter values
for the variables that are different from the default or
initialized values, In a multiple case computer run, the
user need only enter variables that are different from the
preceeding case. If no new value is 2nter for a variable,
the value from the previous case is carried over.

1. Item _6_=-_ Velocity = VEL

The computer program will accept forward velocity in
one of two ways. The user will input either VEL, item 6, in
knots or advance ratio MUY, item 89. The value of UIN, iten
90, determines which variable will be used. 1f UIN is =zero,
VEL will be used. If UIN is non-zero, MUL will ke used, If
VEL is used, the program calculates the advaace ratio by the
following exgressioa.

LP'S
AT [ (V[0 -J\L‘_\

If MUL is used, the program will calculate the flight
velocity by the following e¢xpression.
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2. Item 7 - _Hinge Offset - ER

The offset ratio of the flap hinge, E/R, is the
distance from the center of the &rotor shaft tc the vertical
flapping hinge, normalized by the rotor radius, item 2.

3., Iltems _8-22 - Delta X_- DX

Delta X is the non-dimensionalized width of each
individual blade segment starting with segment number one.
There may be up to 15 segments entered. The number of
widths entered here must equal the value of Item 93, XNSEG.
XNSEG is the number of segments intc which the blade is
divided. This can range from two ¢to fifteen. It |is
recommended that a value of ten or more ke used for XNSEG.
If XNSEG were wequal to 12, values of Delta X would be
entered for items 8 to 19 and no values would be entered for
items 20 to 22. The sum of ER plus the summation of the
Delta X's must equal one. ER is +the non-dimensional width
between the rotor shaft and the flapring hinge cffset, 1Iten
number 8, which is the first seqment width, represents the
width between the flapping hinge offsst and the point where
the actual rotor blade airfoil begins. This area is known
as the spar or cut out segment if no spar data were entered.
If item 103, SPAR, 1is zero, the program will assume that
this first section <creates no 1lift and has the drag
characteristics of +the first inputed airfoil data ssction,
Since this area experiences relatively low dynamic pressure,
the calculations in this segment do nct have an appreciable
effect on the outcome of the yprogram. The arcea between the
shaft and the hinge offset, ER, produces neither 1ift nor
drag in the program's calculations. The last segment is
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considered a tip 1loss factor segment. The 1lift is assumed
to be zero, but drag is calculated in the normal manner. In
previous runs, the width of this section has been set equal
to three percent of the rotor radius, or Delta X equal to
.03,

4, Items_23-37 - Twist - TW

The program has two options fcr entering geometric
tWist into the calculations. If the blade has linear twist,
item 92, TWIST, can be used. If the twist is non-linear,
the twist can be entered in items 23-37, TW4. 1If a number is
entered for item 92, the program will assume 1linear twist
and ignore all values entered for TW. The local twist at
the center of each segment can be entered starting with itenm
23. if the blade contains ten segments, items 23-32 would
he entered and no values for items 33-37 would be entered.

A word of caution is necessary r=zgarding the linear
twist option, item 92. The twist is considered to be zero
at the 75 percent chord pnint. The +twist is calculated
assuming that the twist starts at the rotor shaft and varies
linearly out to the rotor tip. If the actual rotor blade
airfoil started at the 25 percent <radius point with a twist
value of -9 degrees, a value of linear twist egual +to -12
degrees would have to be entered in crder for the correct
twist distribution to be calculated by the program.

5. Items_38-52 - XMASS

The program provides two methods fcr entering the
local mass density or the moment of inertia information.
The individual mass density for each section can be entered
in items 38-52, or the Pirst and Second Moment, FMOM and
SMOM, about the Flapping Hinge, c? . be entered in items 78
and 79. 1If data are entered for item 79, the Second Moment
about the PFlapping Hinge, the program will use the
information provided by items 78 and 79. 1If variable 79 is

54,
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equal to zero, the program will calculate the First and
Second Moments for items 38-52 and ignore any value entered
for items 78 and 79.

6. Items _53-57_ = chord

The program has two methods for entering local chord
data. The 1local chord at each seqgment can be entered
starting with segment number one. If the chord is a
constant chord, +the amount of data to be entered can bhe
reduced to only items 53 and S54. If items 53 and 54 are
equal, the program assumes that the chord is constant
throughout the radius and will ignore any information
entered in items 55-67. Therefore, for constant chord, only
enter values for items 53 and 54. If the rotor solidity is
not inputed in item 106, the program will compute solidity
as follows.

& = b Sy
R

7. TItem 68 - DPSI

DPSI, or Delta PSI, is +the incremental azimuthal
value by which the pregram advances in its blade flapping
and force summation routine. This numkter must divide evenly
into 360 dogrees. A minimun value of five degrees is
permitted. It has been found that for most cases decresing

the value of DPSI below 15 degrees does not improve the
accuracy but does .increase the computational time. As an

example, the rotor horsepower required for one particular
run was 1096 RHP for DPSI equal +to 15 degrees, 1095 RHP for
DPSI equal to 10 degrees and 1097 RHE for DPSI equal to S
degrees. DPSI has a default value of 15 degrees.




8. Item 69 - FTRL
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FTRL is the maximum limit on the number of times
that the program will enter the flapping iteration routine
in.search of a steady state flapping solution., The progran
has an automatic default value of 15 iteratioms. The
program usually arrives at a steady state flapping solution
within three to four iterations. The only method by which
the wuser can actually determine +the number of flapging
iterations required would be to use one of the debug output
options. However, these options will create a huge amcunt
of output and the user is cautioned abcut their use.

9. Items 70-72  BIN-BRPIN

The program has three options on how +to assign the
values for the inital <flapping angle, velocity, and
acceleration at the PSI equal zero position, The user may
{1) input the valueé, (2) tave the program itself calculate
initial values, or (3) accept the default values of zero.
Option three is the most usad option. It has Dbeen
discovered that there is little or no difference in solution
time Dbetween option two and three. Variable number 97,
PCNV, controls which optiocn is to te used. If PCNV is
non~zero, the program will use either option one or three.
The program initially assigns values of zero +to BIJN, BEIN,
and BPPIN before the initial case data are entered. PCNV is
assigned the default value of one. Therefore, with no
values entered by +the user £for itewss 70~7Z and 97, <he
program will start with an initial value for flapping angle,
velocity and acceleration at the PSI equal zero position of
zero.

If the user sets PCNV equal to zero, the following
formulas are used for determining the inital values. These
formulas are derived from page 194 of Ref. &,
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The term ¥ is referred to as the Lock nusber where
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In a run where more than one case is exacuted at a
time, 2 non-zero value for PCNV allcws the previous case
values for flapping angle, velocity and acceleration tc be
used as the initial estimate for these variables in the naxt
case. If PCNV 1ig equal to zero, the inital wvalues will be
calculated by +the above fcrmnlas, Most agaa ara rcun by

accepting the default valus of one for PCNV,
10, Item 73 = XITLIH

After the program calculates a steady state flapping
solution for 4its estimated wvalues of 4inflow ratioc, pitch
anglea and shaft ¢tilt angle, the program determinus the
forces and moments ¢ nerated by this soluation. If the
forces and, optionally, moments do not meet the required
amount3 entered by the usar, the program will c¢slculate new
values to re-wnter the flapping routine, XITLIM dectermines
the maximum nuwber of +times the program will ccompare the
calculated values to the dasired valuea, The progras has a
default value of 15 for XITLIM, A majority of the
soluticns reoquire approximately fiva iterations to counverge.
Once the X1TLIM limit is exceeded, tha progranm will stop and
printout an "Excegdaed Lipit" statament, The F[roginm
auntomatically prints as QUL the numboy cf Hadjor

ITterations §t uses In <caleulating the soluvicn.




The sign of XITLIM controls the Short Iteration Option,
If XITLIM 4is a negative number, the program uses this
option. A complete describtion can be found in the section
entitled Main Iteration Opticns.

The required 1ift, RL, should equal the actual
veight of the helicopter that the rotor system is
supporting.

12. I%em 13 - Requiped Diag

The required drag can be entercd in one of two ways.
It can be entared directly in item 75 or it can be
calculated by the program by entering the aircraft's flat
plate area in item 95, FPAREA. The drag is equal to the
flight path force that the rotor system must overcome %0
sustain level flight at a certain velocity. 1Items 75 and 92
can be entsred eithier a= positive or negative numbers and
the program will provide the corract fcrvard flight solution
by assigning the proper sign value internally. If a valve
is entered ftor PPAREA, the program will ignore any value
assigned to HRD, The drag for FPAREA is calculated as
follows.

D= L pV (FPAREA)

If item 92 is no* entered, the user must supply the
value for the required drag by using the above fcrmula.
There are certain options for which the program igncres or
does not iterate on 4rag. An example of this would be when
the progrca 1s used to estimate wind-tunnel test results,

If these options are desired, ses variables 96, TO®, and
110, ALOPT.




13, Ltems_76-~77 - Tolerances

XLTOL and XDTOL are the 1ift and drag toleranced.
The program will iterate until both +the lift and drag are
within the tolerances given by variakles 76 and 77. The
program has automatic default values of plus and minus 100
pounds for 1lift and 50 pounds for drag. ‘

14, Items 78-79 - Moments

Information regarding the use of FMOM and SMOM can
be located in paragraph five on XMASS.

15. Items_80-82 - shaft Axis

The gravitational or weight vector must be oriented
to the shaft axis of the rotor system. Figure 9 shows the
positicns of these angles. The shaft can be orientzd in any
desired direction. The program will automatically assign
the proper values for normal helicopter flight. The default
values for AG, BGL, and CG are 0, 90, and 0 degrees,
respectively. This orients the shaft in +the vertical
direction for normal flight. If any other orientation is
desired, the user must enter the appropiate values for items
80 to 82.

16. Item B3 - Delta 3

Delta three inputs are controlled by wvariables 83,
115, and 116, These are TD3L, TD3B, and PHL3D,
respectively., If the flapping hinge is connected in such a
manner as to cause the blade to change pitch due to
flapping, this is referred to as a Delta Three hinge. TItem
83 is the pitch-flap coupling angle; 115 is the tangent of
the Delta Three Bar; and 116 is the phase angle for the
Delta Three Bar. The program reduces the pitch angle at a
particular azimuth and sedgment by the guantity TD3 where
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TD3 = TD3L ¢ TD3B*sin(PSi + PHD3D)
Normally, variables 83, 115, and 116 are zero.

The drag iucrement is a value of delta CD that is
added to +the value of CD obtained from the airfoil input
data decks. This is added as a roughness factor that
naturally occurs on blades that are used on production
aircraft. A value of .002 is normally used. The value is
not added to the drag calculations for spar data.

The lateral and 1longitudinal cyclic pitch is
controlled by four variables., The program allows the user
to enter both first and second harmonics of cyclic input.
The variables A1S and B15, 85 and 86, contrcl the first
harmonic inputs. The variables A25 and B2S, 104 and 105,
control the second harmonic inputs., 7The A's correspond to
the lateral inputs and the B's correspond to the
longitudinal inputs. The program has automatic default
vales for A1tlg, B1S, A2S and B2S of =~1.2, 7.53, 0 and O
deyrees, réspectively. The user may enter different values
if desired. Unless other options are indicated, the program
will keep these cyclic values constant throughout <the run
and will vary inflow ratio and pitch angle to obtain a final
solution, The program will automatically calculate the
postion of +the shatt axls by the momentum theory and will
use the value of B1S to determine the position of the
control axis. Pigure 10 demostrates this fact.

There is a different option available which allows
the program to seek specific values of longitudinal and
lateral flapging. This requires the use of wvariables 100
and 112 - 114, If this option is taken, the wvalues of A1S
and B1S are saet aqual to zero initially and will be changed

i
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by the compu*er

n its Literation of the required flapping




angles. The program alse has an cption to remove hub
rolling and pitching wmoments. Once a solution is obtained
that meets the 1lift and drag tolerancesg, the values of A1S
and B1S are varied to reduce the moments. This option is
controlled by variable 160. Normally, runs are made with
the user not inputing wvalues for iteas 85, 86, 104, 105,

100, 12, 113, 114 and 160,

19. Item_ 87 - Pitch Angle

Variable 87 is the initial value of the collective
pltch at the 75 percent radius station at PSI equal zero
azimuthal station. The program has a default value of five
degrees. This value 1is used only to initiate thc prograum.
The program, under the normal run option, will vary this
value in the process of iterating for a convergent sclution.
There is an cption where the pitch angle remains fixed as in
a wind-tunnel t2st. This is the TOP option, variable 96.

The variable LAMBDA controls the inital estimate of
an uniform inflow. Since the equations ¢f <the program are
done in a gyrocopter mode, inflow is negative vhen air flows
down through the 7rotor. This is the normal fcrvard flight
mode., The program has a default value of -.02 for LAMBDA.
The program will 1iterate on LAMBDA in its normal iteration
rountine, The ALOPT, variable 110, ortion will hcld LANMEDA

constant.
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Information regarding the use of K&CL and UIN can be

found in paragraph one on Plight Velocity.

22, Item 91 - SKIPIN

Information regarding the use of SKIPIN can be found
in the section of Case Optional Output Indicators,

€2,
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23. Item 92 - Linear Iwist

Information regarding twvist can be found in
paragraph four on local twist.

24, Ttem 33 _-_XNSEG

Information regarding XNSEG can be found in
paragraph three on Delta X.

94 - Rate of Climb

The program can be made to calculate a conplete
solution for any given rate of climb or descent. <Climk or
descent rate wmust be entered in units'of feet per minute,
with positive values for climbs and negative values for
descents. The progran assumes a uniform down or up flow
across the entire rotor surface equal to the rate of cliab
or descent, This value 1is added as an incremental
correction into the calculations of UP and will effect PHI
and angle of attack.

26. Item_95_z_PPAREA

Information regarding the use of PPAREA, flav plate
area, can be found in paragraph twelve on Required Drag,

27, Ltam 96_-_TOP

The TOP option is one of the wind-tunnel opticrs.
If TOP is a non-zero number, the program iteratss to obtain
the required 1ift of variable 74, but will 4Lignore the
required drag of variable 75, 1Item €7, the collective pitch
at the 75 percent radius at PSI equal zero, will Lte held
constant., Ttem 88, the inflow ratio, will be varied in the
major iteration routine. A non-zern value of TOP will
result in a value of ~-50 for item 122, ATEST. ATEST is the
minimum accepable value for the lift curve slope when option
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96 or 110 is executed. If non-zero values for both TOP and
ALOPT are entered, the program will do the TOP option.
Shaft angle, item 111, must ke inputed by the user.

28. Item 97 =~ PCNV

Information: concerning the use of PCNV, the Flapgping
Solutionp Re-Use Indicator, can be found in paragraph nine on
Initial Plapping Conditions.

29. Item 98 - PRINT

Information concerning the use of PRINT, the
program's main output indicator, can be found in the section
entitled Case Optional Qutput Indicators.

Item 99 is the End of Case signal card. It is the
last data variable +that will be entered for each case. If
XEND is 2 negative number, the program will stop after it
determines a solution for that particular case. However,
since an infinite number of cases can be entered for each
computer run, XEND also tells the program if there are more
cases to go, If XEND is equal to 2.0, the program will
assume that the next case will begin by reading in new
airfoil data. If XEND is any other positive real number,
the program assumes that the next case will use the present
airfoil data and will enter only case input data and any of
the options which normally follow the case input data. Each
time that the wvariable XEND is entered, be especially
caraful to follow the format for NNUM for +this card. NNUM
is the pumber of inputs per data card., NNUM must be a
negative nuamber for this XEND card, It is this negative
3ign on NNUM which actually keys +the computer to stop
reading data cards for a particular case.

64.

i
1

i 52 e i o -l oy e L

s sddini

el Skl

i v e




Myt - 1 ooz o A, T L I T A Y RN T T N L e T e A T T T S N I LT RS T AR T T T

31. Item 100 - ABIT

Information regarding the use of ABIT can be found
in paragraph 40.

32. Items _101-102 - BTOL

In the blade flapping routine, the program searches
for a steady state flapping solution for the given
conditions of inflow ratio, pitch angle, and <cyclic input.
The program compares values of flapping angle and velocity
at the PSI equal zero azimuthal positicn on each revolution.
If at this position, the difference Letween the n~th and the
(n - 1)th revolution values for flapping angle and velocity
is 1less than BTOL and BPTOL, respectivaely, the progran
as<sumes that it has determined a steady state solution.
BTOL and BPTOL have default values of 0.000001 radians and
radians per second, respectively. If other values are
desired, the user may enter thcse values for items 101 and
102,

33. Item_103 - SPAR

The number of blade segments using spar data can be
inputed in item 103. If nc spar data are available, no
value for SPAR should be entered. For this case, the
program assumes that +the first segment is the area between
the flapping hinge and the point where the actual airfoil
begins on the rotor blade. This area is also referred to as
the "cut out" segment. In this case, the program assumes
that this cut out area produces zero 1lift and uses CD
information fronm the first airfoil section for drag
calculations. If a non-zero number is entered for SPAR,
spar airfoil data must be available. Case input variatle
120, BSPL, controls the spar input option. If spar data are
to be inputed, BSPL should be assigned a non-zero value. In
a multiple case run, where spar data are initially entered,

65.
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the variable BSPL is set equal to zerc as soon as the spar
data are entered. If the program d4id not do this, the user
would have to enter a zero for BSPL for the next case if no
new spar data are to be entered. If in a multiple case run,
the user decides to enter new spar data, the variable BSPL
must be assigned a non-zero value for that particular case.

34, Items 104-105 -_A2S B2S

e " - —

Information regarding the use of the second harmonic
control inputs can be found in paragraph 18 on Lateral and
Longitudinal Cyclic Inputs.

35. Item 106 ~ Solidity

Information regarding the use of RSL, rctor
solidity, can be found in paragraph six cn local chord.

36. Item 107 _-_SYM

SYM is +the non-symmetrical airfoil input control.
If the user assigns a non-zero value for SYM, the progranm
will assume that all blade airfoil data are non-symmetrical.
The user mnust enter values for CL and CD for the ccmplete
range of angles of attack from -180 to +180 degrees. If the
value of SYM is zero, only tabular values from zero to +180
degrees need to Dbe entered. The above holds true also for
variable 147, SYMSPR. SYMSPR applies to the spar data
exactly ir the same manner as SYM agpplies to the airfoil
data,

37. It2ms _108-109 - SFH_FDHP

values for the spring constant, SFH, and damping
constant, FDMP, about the flapping hinge can be entered if
known. These variables <can be entered to simulate a
hingeless rotor system or a system with flapping springs.

86,




38. Item 110 - ALOPT

————
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This is one of the wind-tunnel options. If ALOPT is
a non-zero input, the program will iterate to oktain the
1ift required of variable 74 but will ignore  the required

g ot &

drag, variable 75. 1In this option, variable 87, collective
pitch, will be varied, but not variable 88, inflow ratio, in

ik - Ry s, L 3o

the program calcularions. This is the opposite of the TOP,

Lo G

varialbe 96, option.
Tf a 1lift curve slope less than ATEST, item 122, is
calculated while using this option, the program will stop

Lkl 4 b Rl 2ot

and produce the following messagde. "Stall Criterion has
been violated =-- will go to next case, if any." Ttem 111,
the shaft angle, must be inputed. Tf non-Zero values are 3
entered for both TOP and ALOPT, the program will do the TOP
Option. 3

39. Item 111 - Shaft Angle ;

Item 111, the shaft angle, must be inputed whenever
the TOP or ALOPT options are used.

40. Items 112-114 - RA1S

If variable 100, ABIT, is non-zero, the program will

iterate the blade flapping solution 4in an attemgt to obtain
the desired lateral and longitudinal flapping angles

o e B A B el b el

indicated by variables RA1S and RB1S, respectively. The
program will iterate to +the accuracy indicated by TOLAB,
item 114. TItem 112 is RA1S and item 113 is RB1S.

IR T T

. 41. Ltems 115=116_=- Delta 3

o

Items 115 and 116 are the tangent and phase angle of
a Delta 3 Bar. Information regarding +the use of TD3B and
PED3B can be found in paragraph 16 on the Pitch-Flap
Coupling Angle,
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42. Iteps 117-118_ - LAML

The program allows the user tc induce a velocity of
any form onto the rotoi systen. This is done in a harmcaic
series of the form (A0 + A1*cos(PSI) + Bil*sin(PSI) +
A2%cos (2*PSI) + B2*gin (2*%PSI) + ....) for each segment that
the blade is divided 4into. I variable 117, LANML, is a
non-zero number, the program will enter the harmonics of the
induced velocities. During the Read routine, LA#L, will be
assigned a value of zero, Therefore, for each case where
different values for the harmonics are desired, LANL will
have to be set +o0 a non-zero number. Variable 118, 0OVL,
controls the use of the induced wvelocities. If VL, 1is
zero, the induced velocities will all te set equal to zero.

A short example will now be given on the use of the
control variables in a multiple <case run. Assume that no
harmonic induced velocites are desired for the <£first case.
The user would make no inputs for LAML and UVL. For the
second <case, assume that harmonic induced velocities ars
desired. LAML and UVL would be set equal to a non-zero
nunber, The harmonic variables would follow the case input
data for +1his particular case. For +the third case, it is
desired that the same induced velocites be used. The user
would not enter any values for LAML and UVL since (1) LAML
has been automatically set to zero and hence nc¢ new harmonic
data will be entered and (2) UOVL 1is still equal to a
non-zZerv numb.r. It is desired for cas=2 four +to use 1o
induced velocities, The user now wculd enter the value of
zero for UVL and program will zero out all the induced
velocity variables, .

This paragraph will describe how to use the variable
induced velocity option. The inputs pA1Y, B1, A2, B2, ....
are numbers in units of feet per secoﬂé. If the direction
of the velocity is down, a negative sign is associated with

the A's and B!'s. A negative sign will decrease the angle of
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attack for an element originally at a positive angle of
- attack. It will increase the amount of negative angle of
attack for a blade element originally at a negative angle of
attack. The values of A's and B's do not effect the
uniform inflow ratio, LAMBDA, that +the program iterates
upon. The format for using the variable inflow velocity is
as follows.
1. A value for NHARM is entered in I3 format.
NHARM is +the maximum degree of +the harmonics
that is to be used. If the maximum degree used
is A3*cos(3*PSI), then NHARM is three.
The next three paragraphs are repeated for each
blade segment.
2., The value for A0 is entered in E15.6 format.
The IBM 360-67 at the NPS will accept PF15.0
format.
3. 7The values for a1, A2, A3, ..., Up tc NHARM are
entered on +the next data cards in format
SE14.6.
4. The values for B1, B2, B3, ..., up to NHARM are
entered on the next data cards in format
SE14.6.
5. Three cards are reguired for each blade segment
whether or not the values are equal ¢to zero.
If the user has 15 blade segmen’ , a minimum of
45 data cards are required.

43. Itep_ 120 = BSPL

Information concerning the use of BSPL can be found
in paragraph 33 entitled HNumber of Spar Airfoil Data
Segments,




44. Item_ 121 - PPsSI

PPSI represents a delta PSI for printout purposes,
PPSI has a default value equal to DPSI, variable 68. PPSI
shall never be a smaller increment than the incremental DPSI
used to calculate¢ the soluticn.

ATEST is the minimum acceptable value of the lift
curve slope when option TOP or ALOPT is used. If no value
is assigned, LTEST has a default value of 5 (1/rad). When
the TOP option 4is used it has a automatic wvalue of =50
(1/rad). The 1ift curve refers to <the increase in rotor
1ift with the tilting back of the tip path plane. A check
on it for a minimum is for ccnvergence purpose only.

it St P

IGC is the Iteration Gain <Control factor. If the
major iteration fails to converge, <choosing a fractional
value for IGC can greatly speed convergence. This may be
especially helpful when parts of the rotor are in stall.
The amounts Lty which the convergence algorithm changes the
independent variables is anltiplied Ly IJGC. Setting iten
91, SKIPIN, equal to zero may help the user decide if this
IGC option might be useful.

47. Item 126 =~ PCR
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48. Ltem_138_= INPL
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Input 1.0 for INPL in order tn remove hul) mcnent
inplane aerodynamic forces from the «calculation of
aerodynamic pitch and roull moments about the shaft axis.

70.
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49, Items 139-141 - _PSI5

variables PsJYS, I'HIS aund THFS rapregent afrcraft
angnlar velocites. The aircraft can be givan any argulac
valocity in  yaw (PSIS), pitch (FHTS), and rol)l (THFS) in
radians per second by the wuse of these variables. Thouy
effect the calculations of UP, UT anl UK., Tfaoragraph S0

contains additional intorwation.

50. Licpg A4g=183 -.CC

It the angular velocities, 4dtens 139 ~ 141 are
entored, they are used In the calculaticne of UF, UT and UR.
If no values for items 142 = 145 a16 entered, Ahue pLoglanm
a3 82868 that tULhe rotor system rotatez due tu  Lhy angular
valocities about the cContet of the &haft. If valuvs are
entured for dtemn W42 - 145, ths calculations wlll esBupe
¢hat the entiltyu rotol shaft s wotaing about the center of
gravity., Varlables 142 = V4% ave I'beG, PSMKk, WiCd aud WLEE,
¥5¢8 4= the longitudinal Cg position whise FLMI 42 the

longitudinal pouaiticn of the matu rovor. WLCY i the GG

"Waterline station whilce WLHPF i the aalnh Lotul's vatel]lline,

oL vertica) positioun, Al of thuae valusas wust be cutweied
fo unitg of 4dnchas,

51, Itee. 288 2 YELY

The alicrartts lateial gpeed 4n knute can bLe

"
-
in
I
-
(&Y

heLe.

02. [sua. 42 - SXUERE

If the opar data ale symwairical, 4o not aenter a
value for SYMIPR. The pruyras wil) only use valwen tor CL
and CD betwagn zsru to 41480 deyroers, Jf the wmpar data ara
non-aymnetiical, enter any non-zetn valoe tor  EYMLEE. The
program will vequite values from =180 10 ¢180 deygr aum.
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53. Liegp_156-137 - HIALFE

In ordcr for the program to properly calculate the
rejion in and around the reverse flcw region, the valuy«s of
CL and CD are required to be known at high and low angles of
attacks approaching 180 degrees. However, 1in corder to save
the use¢r from having to enter a whola range of angles of
attack for all Mach numbers, the program has an option where
for anglag above HIALFA, 156, and below LOALFA, 157, the
Mach rumber is set equal to zero for table lookup rurposes.
The user Ls only rogquircd to enter large angles for the
first +tvwo Mach number tables. HIALFR and LOALFA have

S54. Ttems 1082159 - Tip Swesp

| [5)

The GRP prcgram will properly calculate the airflow
awaep angle, U, UR, and pitch angle of a swept tip airfoil.
TIPSWP 48 the amount of sweep of the tip measured in

dogress.  TPSYST iz the blade geaament number at  which the
svaep bheglng. The vprogram assumes that the remaining

outhboard sagments starting with TP3WsST are swept the nuasber
of degrues indicated by TIPSWP, UT and UR are modified for
theoa segmonty 4s shown is Fiqure 11,

55. Ltap 160 - TELY

If TRIM 4Ls a non-zero valusé, the Ffrogram will
sttempt to adjust A1L and B1S in order to reduce the rolling
and pltchyny muments Lo less than  plus or minus 100 peunds.
Jv will tfretr obtain a solution which will satisfy the
teyguirad 1ift and diag, then it will adjust A15 and B13 to

reduce the somgnty,
SH. Lkepe 101z115 - RB

et e e Ggs § e

Var Lables 1617 = 175 assign the proper ailrfoil data

tv hlade sego--nts one through fifteen. The program will
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v,
UR = URcosAy + UTsin A,
ur = U'I‘cos,& - URsin.A ¢
Figure 1] Tip Sweep Celculation Diagram
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accept up to five airfoil data decks. The RB array |is
initialized with the value of one for all 15 segments. If
only one blade airfoil deck is used, there is no need to
enter any values for RB. Only enter values for the segments
which will wuse airfoil data sets two through five. If no
spar data are entered, SPAR equals zero, segment number one
is considered the cut out segment and is assigned the value
of RB(1) equals one for calculation purposes and the value
of KB (1) equals zero for printout indentification. 1In this
case, segment one produces only drag but no 1lift. 1If SPAR
is greater than zero, RB(I), I = 1, SEAR, vill be assigned
the value of 2zero for printout 4indentification. These
segments will use the spar data entered and will calculate
both 1ift and drag.

Y. CASE INPUT FORMAT

Below is located the format that ic used +to input cuase
data to the program. All input data cards are cf the format
(X2, I4, S5F12.0). The input <cards contain seven fields
which are called NNOUM, NLOC, C(1), C(2), C(3), C(4) ard
C(5). An example of a data input card is as follow,

5 1 700, 26,8 1148.6 002246 4,0

1. NNUM is the number of inputs on this card,
wnhere C(N) are the inputs. NNUM uwust appear 4in
elther cclumn one or two, NNUM has a winimum
of one and a maximum of five. In the ahova
example NNUM is five,

2, NLOC 1is the item or variable number of input

C(1). This refere to the item nuwhers that arae
found in the sectlion on Ccase Input Listirgu.
NLOC is 4in I4 format and must be right
justified in columns four through six. In thy
axample NLOC refers +to ftem nunhber one, the
ltotor Tip Speaed,
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3. C(1') through C(5) are the values corresponding
to the 4input items NLOC through NLOC + NNUM.
Each value must contain a decimal point and be
in columns 7 = 18 for C(1), 19 - 30 for C(2),
37 - 42 for C(3), 43 - 54 for C(4) and 55 - 66
for €(5). In this example, values are entered
for variables one through five, the Tip Speed,
Radius, Speed of Sound, Air Density and Number
of Blades.

4, oOmislon of NNUM will cause program termination
vith an error explanation statement. NNUNM
greater than five willl cause unknown problenms,
Omission of NLOC will cause the present card's
values of C(N) to bhe entered into the items
indicated by the previous card's NLOC. Failure
to right justify NLOC, or NLCC greater than
200, vill cause unknown problems. Faillure to
properly locate correctly any 4input value
within its own field on the card will cause
errors in both that input and tne number whose
field it encroaches on,

J. CASE OPTIONAL QUTPUT INDICATORS

Tha program has two variubles that control the output
printout, variable 91, SKIPIN, and 98, PRINT. The program
vill automatically produce a printout of the case input data
for oach case and a one-pagae supmary of the dinital
conditions and dteration limitations the user placed upon
thae program. It will slso produce a one-page summary of the
rasmulting forces, wooments and calculated rotor horsepover

tor the tinal convergud solutlon. The user can also receive
an ocho printout of the airfoil and spar data decks, 1If
this oecho printout 4in desired, <the user will find the
correct printout 4indicators described in sections C and »




entitled Blade and Spar Data Deck Reguirements.

The main optional printout variabls is variable 98,
PRINT. PRINT can be a number from 1 to 1,111,111 depending
upon the option desired. If no value is enter for PRINT,
the user will receive the ©printout described akove. Below,
is 1listed the PRINT Options. If, fcr example, PRIKT is
assigned a value of 111, the user will receive printout
options 1, 10 and 100.

OPTIONAL OUTPUT INDICATOES

Option 1 Angle of attack, MHach number,
section 1ift and drag
coefficients, inflow angle, 1ift,
and sweep angle at each azimuthal
position for each radial blade

segment. Only for converged
flapping solution.

Option 10 Converged flapping angle, rate,
and acceleration at each

azimuthal positicn.

Option 100 Converged integrated forces on
blade at each azimuthal station.

Option 1000 Harmonic analysis of blade forces
for converged case,

Option 10000 Harmonic analysis of air 1loads
for ccnverged case.

CEBOUGGING OR TRANSIENT OPTIONS ,

Option 100000 Transient flapping angle, rate,
and acceleration at each
azimuthal station.

opti ~ 1000000 Option 100009 plus blade
velocities, angles, Mach number,
section coefficients, and 1ift
for each blade segment at each
azimuthal station,
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The user 1is cautioned that the debugging options
can give a huge amount of output data.

The second printout oftion is the variable SKIPIN,
number 91. This varialkle controls the suamary fcrce, moment
and horsepower output discussed in <the first paragraph. If
SKIPIN is greater than zero, this summary will be printed
only for the final converged solution, It SKIPIN is equal
to zero or a negative number, thie summary will be printed
for each loop through the major iteration (force summation)

routine. SKIPIN has a default value of one, If the progyrasm

is not converging to a solution, the user can seq
iamediately, with very littla extra printout, exactly what
intermediate solutions the program is producing by setting
SKIPIN equa)l to zero. This may help the user in deciding
whether or not to use the Iteration Gain Pactor, 1IGC,
variable 123,

K. 1BM 360 EXECUTION CONTROL CARDS

This saction iilustrates the control cards vrequired to
execute the GRP prograa using tho IBM 360 at the Naval
Postgraduate School, The program may ba run under O0S or
CP/CMS, There are two waya of running the program undax 05,
The first is to run the entire progras and data through the
computer at the same time, The seccnd way is to store the
main program on a lisk as a library program and enter only
the data through the card reader for each desired case, The
second method has the two advantagas of (1) not reguiring
the user to enter the entire 1100 card aain prcgram through
the card reader for aach run and (2) the amount of CPV tige
required can be reduced since the main program does not have
to be recompiled for each run. The program raquires
approximata3ly one minute and forty seconds of CPU  tipe to
compile. The normal run time for 2ach casg iu approxfmately
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20 CPU seconds. This can vary with the amount of printout
data requested. If the program is compiled on the CP/CHMS,
the user will have to regquest 344K bytes core size on the
login nmessage, The standard 256K bytes core size 1is not
large enough for compiling. However, once the prograa has
been compiled, it can be executed within the 256K normally

available.

The following cards are required to execute the entire
progras through the card reuder at one time.

Standard Job: cCard

// EXEC FORTCLG,PEGION,FORT=150K

// REGION.GO=180K

//FORT,SYSIN DD »

Main GRP Prograa

/-

//730.5YSIN DD =

Case Input Data

/t

The following tvwo programs are used to reserve space and
load the progrem onto a Ciisk,

Standard Job Card

// EXEC RGM=IEFBR1Y

//7LOAD DD DSH=S1399.HELG,UNIT=3330,VCL=SER=DISKO1

/7 DISPw~ (NEW,KEEP) ,LABEBL=RETPD=150,SPACE=(CYL, (1,1,1))

/l

Standard Job card

/7 EXEC FORTCL,REGION,PORT=180K

//PORT.SYSIN DU =

Hain GRP Program

/t

/7 LINK.SYS5LMOD DD UNIT=3330,VOL~SHER=DISKO1,

//7 D3N=31395.HELO (GRP) ,DISP=SHA

The 51395 uped uhova and helow must be change to s for
student or F for faculty with the appropiate user number

Py

instead of 1395, The foulluwiingy catds &ust be uszd ¢
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execute the program once stored on a disk.

J.

Standard Job Ccard

//G0 EXEC PGM=GRP,REGION=180K

//STEPLIB DD UNIT=3330,VOL=SER=DISK01,DISP=SHR,

// DSN=S1395.HELO

//FT06F001 DD SYSOUT=A,DCB=(RECFM=FBA,LRECL=133,BLKSIZE=3325
//FPTOSFG01 DD =%

Case Input Data

*

Sample Program Output

This section describes in detail the output available

from the GRP program. In addition, a sanmple computer output

is included with each describtion. The progras will print
up to ten different tables. Seven o0f these tables are
optional and are not automatically printed. The ten tables
are as followus.

1. Echo Printout of Rotor Blade and Spar Data

2. Case Input Data Card Listings

3. Summary of Input Data

4. Debugging or Transient Information (Optioms
100,000 and 1,000,000)

5. Summary of Porces, Moments and Horsepower

6. Converged Flapping Sclution (Oftion 10)

7. Converged Integrated Forces (Option 100)

8. Harmonic Analysis of Z Force (Cption 1000)

9. Converged Blade Analysis (opticn 1)

10. Harmonic Analysis of Aair Loads (Option 10,000)

The input variable PRINT, item 98, controls the output

of items four and six through ten. Items two, three and
five are always outputed. Item one is contrclled by the

first data card on the rotor ©blade and spar section input

decks.
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1. Echo_Rotor Blade Printout

The next page contains a partial sample Echo
Printout of Rotor Blade Input Data. This printout
illustrates that (1) the printout was requested (WBLADE =
10.), (2) there are two airfoil decks to be entered, (3)
there are nine ¥ach numbers for which CL's are to be read in
and (4) the remaining portion of the printout is the values
of Mach numbers, angles of attack and lift coefficients for

the first airfoil deck.
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The next page contains a sample Case Input Data card
listing. This is one of the

o muw-lmum

automatic printouts, 71+ is an

echo printout of the input data ca.ds
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3. summary of Input Data

The next page contains the automatic Summary of
Input Data printout. The folloving 4information can be sean
on this sample output.

2. The blade was divided 4into 15 segments gtarting
from the hinge offset and proceeding outward.

b. No valiues wele entered for the local sass
desnsity, ipput variables 38 - 52, 1Instead, values for the
Pirst Moment, M(M) = 85, and the Second Homent, ¥OM ~
INERTIA = 1450, abour the Plapping Hinge, input iteams 78 and
79, vwere entered.

€. The X row indicates the calculated centers of
cach segment cxpressed in a peicentage of the distance out
the rotor blade.

d. The BELADFE DECK row 4indicates that the first
blade segment was considered & Spar s<gment. Segmants tvo
through five and twelve through fifteen belong to airfoil
data deck number one, while sgegments six through eleven
belong to airfoil datu deck nuaber two,

€. The rest of the information, vwith one excaption,
is a suamary of the cace input data. The exception is the
tera THRUST F¥ACTOR, Thisz is the valus uoed to
nondimensionalize all the calculated forces {n the program.
The THRUST PACTOR equals @nﬂ} (aery: . Hosents arw
nondiuensionalized by the THRUST FACTON timaw the yadius,

f. The progias checks to see 4¢ all the blade
tegi s, delta X's, plus the distance from the Shaft to the
hinge teut, E/R, ad4 up to onea. 1f, on the printout,
SuM/Dx, ¢ F/R does not sgual one, the user hac mede a
mistake wnomavhere with the delta X's o' {n the X/R nupmber,

L ﬁ.‘dr b L o . . "
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4. Debygqing or Transient Information

The next page illustrates the Debugging or Transient
Printout. This is PRINT Option 1,000,000. The information
available includes flapping anmgles, rates and accelerations
at @ach az.muttal position with a radial position display of
vp, UT, U, PHI, Angle-of-Attack, Mach Number, CL, CD and
Lift Per Inch produced.

This option is generally outputed only when the user
is experiencing unknown difficulties with the GRP program.
The program will output all of the above information for
every revolution and iteration until a ccnverged solution is
obtained or the program runs out of allowable computer tinme.
If desired, the variable SKIPIN, item 91, will provide a
printout of the Forces, Moments and Horsepower Summary after
each major iteration.
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5. [Forgces_supmarpy

The next printout illustrates the Summary of Forces,
Moments and Horsepower. This page ia automatically outputed
for the converged solution., A printout of this suswary can
be obhtained for each loop through the wmajor 4teration
routine by the use of the d4nput variable SKIPIN, itea 91.
The following information can be observed from thic saaple
printout.

a. Tha cyclic lateral and longitudinal inputs, A3,
B1S, A25 and B2S are printed at the tcp of the page. This
sxasple indicates that there were no saecond harmonic inguts
for 325 and £+3, vwhich is normal.

. THETA .75 is the pitch angle of the blade at the
7% percent radiusz =station at the PSI equals zero szimuthal
positiou, In nost options the program will iterate upon thae
values for THZT) .75 in Lts search for a converged solution,

¢. LAKE') refars to the converged value for the
uniform inflow ratio, If a rate of climb oc dercent vaws
ugsed in the casa, that rate divided by the tip speed wvouid
have to be subtracted f1os or added to this valuas of LAMBDA,
respectively.

d. MU(Y)S and MU(Y)S are the advance rutios in the
longitudinal and )aterul diwvwctions with J1aespect to  the
shaoft axis.

e. CT, CQ, ZH, CL and Cb are the calculated overall
coefficients of Thrust, Turqgue, i Forc:, Lift and Diag. All
of these 4iteams are nondisensionalized by the value of the
Thiust Pactor.

f. Lifr and hray forcus ate calculated with resject
t¢ the 1le)lative wind axis, Thrust and I folces Arwe
calcyla‘ed with respect to the control axis. Z forcas are
calcuated vith 1espect to the shaft axin, X and ¥ forcen
are calculated perpandicular to the shaft axie,

qg. The Equivalent D149 s the total diay fGrCe
created by the fuselaye, flat plate area timwu dynasic

End}
“wr
-
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prassnre, plus the profile drag created by the turning rotor
Syntem, |

h. The Bquivalent P, A., or Egquivalent Plat Plate
area 1is obtained by dividing the Equivalent Drag by the
dynamic prossure.

i. Alpha(S) is +the shaft axis orientation while
Alpha(c) 4is the control axis orientation. The program uses
momentua theory to calculate Alpha(s) . Alpha (C) is
deternined from the following relationship, Alrha(s) =
Alpha(C) + B13.

3. LAT. ©0IS. and LONG. DIS, are the 1lift vector
of fmet as a percontage of the rotor radius frcm the rctor
shaft to create the program's rolling and pitching moments.

K. PM and B8N ar¢ the calculated aerodynamic pitch
and toll moments about the shaft axis, The SHEARS Hub Pitch
and Roll Moments are calculated from supaming the
serodynamic, inertia and elastic hub restraint moments.

Y,




1
+

12

’DOQQw'Q.t"QQQQOQ.ch

IN3I¥3d

SINIII-L
t334 3§
SINNIG-LY
SINNJd-149

SAN1I4

mulwnnwm £1°1-
H0=3Ev28n;5"

cTe

S(A)A

w.o.t.p...o.oo'o;QQQQnﬂnonn.mwmm MH

3381~ 25t- [NZ4d2n 1700

$37-1 4 Iy~ 193434 47314

efs*l- = *SE2 *INIY SLINY  0)2°29 b

ILI“vey * d4 314094 SINId [22°2¢L6 =

%03°9%9332 = Bl D] $IVIIY E25°10F0Z s

E18 A £ 1 = °¥°d A3 el e =

YrETISIIT~ = AW 40413 3IV2d 125°€5207- =
5335532~ = 404 1124 SINTV34 vyl ese2- =z

51L°J€332 = [NWL1133M 3INY3e 193Twoyy =

L <;w~u\”ww mwww”m dau_m\u“w
§5c1°(C 931C 33°9

NESAT] (sted -50° viddy

A LTI IR TY)

3311 uCrvd
2IH SHY3I4S
AN Suv IS
(IPIL0VIA
ERRIE I
LSNyqy

as1 Alnds
ER L 17F g
RR- 10T I §

e
10

LEY L3 1] EXCEOERAONPOERENIIERIEI GO Féseneess s

Zrs°d- T OTS1D (e
238 - = 13Y74479
1 24 * (S)v-d iy
"Gt rayy = J¥4) AL N3
131°3221 = 340435934
IST e~ 2 drydd
IvLen23IZ = 1327
¥)-Fede?2l3I°c =
20-2%3D2MLCE =v 43
2)-:51:£%I8° L =
75l
BAE]

g0,



6. Flapping. Soluticn

The next page contains a sagple printout of the
converged flapping solution, The first item tc appear ars
the flapping values at the PSI equal zero azimuthal position
for each revolution prior to the convarged ravolution on the
final iteration., The values for <flapping angle and its
first two derivatives are expressed in radians. '

The second part of this printout is the actual
flapping values for the converged revoltion. The difference
between the flapping angles and rates betveen the PSI equal
zero and 360 degree position nust be less than the
tolerances entered in variables 101 and 102. The numbera
here are also in radians. The last itema 4is a Yourier
coefficient series for the flapping angle and 4t is
calculated in degrees, All calculations are done in
respects to the shaft axis, This is PEINT Option 10,
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7. Porce Integration

The next table is a sample Force Integration Qutput.

This is PYINT Option 100. The forces are a printout for one

blade only at a particualar azimuthal fposition. <C€Q, CQL and
CQD are the Coefficients of Torque, Torque due to Lift and
Torgue due to Drag. CQ is calculated from CQ = CQD -~ CQL.
CX, CY and CZ are all related to forces in the

shaft axis
reference systemn. CMHS 1is the

Coefficient of Pitching
Moaent due to aerodynamic, inertia and hub elastic restraint
mopents about the Shaft Axis and CLHS is the Coefficient of

Rolling Moment due to these same forces. In the printouat

the (B) <character is the number of tlades, which
example is four, SI6 is the solidity of
MAX B=*CQD/SIGMA is a rlade stall

calculated by determining the first
between the P35I equal 180 degree

in this
the rotor systen.
indicatecr. It is

azimuthal station

and 360 degree position
that has & value of CQD greater thanm the value of COD at the
P51 egual 180 degrees azimuthal position.
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8. Harmomic Analysis of Z Force
The following is a harmonic analysis of the forces

in the 2Z or shaft axis directien. Z force is positive in

the downward direction. This is PRINT Option 1000.

95.
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suamary of events occuring on the blade at each azimuthal
and radial position. This is PRINT Option 1. Variable 121,

PPSI, contro

The output i
a.
b.
Cc.
d.
e.
£.
T
h.

i e - B e T A,

i M IE N vy Yalbe

ls the azimuthal intervals that are printed out.
tems are as follows.

X - Center location of the blade segment

ALPHA - Angle-of-Attack

MACH - Local Mach number

CL - Local Coefficient of Lift

CD - Local Coefficient of Drag

PHI - Local Inflow Angle

L(LB/IN) -~ Lift produced per inclk on segment
Sweep - Sweep Angle of airflow

97.
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9. converged Blade Analysis ;
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10. Harmonic_of Air Loads

The next printout contains the harmonic analysis of
the 1lift generated per inch on each rotor blade segment.
This is PRINT Option 10000. The airloads are computed in
two harmonic forms, both containing terms out to and
including the tenth harmonic. The forms are

Lift per Inch = AQ - Alcos¥ ~ BisinW - AZ2cosv¥ -
B2sin2% - A3cos3¥ - B3sin3¥ ..... - AlQcos10y -
B10sin10¥ and

Lift per Inch = A0 - Cisin(y+d) - C2sin(2v+4,)
~C3sin(3¥+4) ..... - C10sin (10%+4)).

The Ratio column is determined from the coefficients
in Column C. From this ratio, one can immediately determine
which airload harmonic 1is dominant and the relative
relationship of this to the other harmonic coefficients.
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IV. GRP_SAMPLE ANALISIS

The GRP program was executed using data representing a
relatively nev rotor blade. The results were ccmpared with
results predicted by the blade's manufacturer. The rotor
blade was an unsymmetrical blade. The rotor radius was
divided into three sections. Sections one and three vere
made of the same type airfoil. The blade included a sweep
tip design., The blade and helicopter configuration analyzed
are typical of a helicopter that c¢ould be used by the U.S.
Navy in a LAMPS type mission.

Por the analysis, the blade was divided into 15
segments. The program used the manufacturer's values for
the First and Second Moment of Inertia about the Flapping
Hinge, vice 1local blade mass densities. The GRP assunmed
eniform infiow for all flight velocities . It used a rigid
blade analysis while the actual blade does have live twist.
The program wvas rup at five different flight weights,
ranging from 16,359 to 20,829 pounds. A flat plate area of
35.8 square feet was used at all speeds, The GRP was run
for forvard <£light speeds of 40 to 160 knots at ten knot
increments. The program was executed at sea level, tropical
day condition. The manufacturer's predicted rotor
horsepower was obtained frem his Shaft Horsepower versus
True Airspeed curves and was corrected to rotor horsepover
by using the manufacturer's Mechanical Efficiency curves.

The results of the analysis are shown in the next
several tables. Table VI illustrates a comparison of the
GRP required rotor horsepower divided by the manufacturer's
required rotor horsepower. The GRP agreed within an average
of two percent on the entire range frcm 40 tc 160 knets,
The GRP agreed within an average of one percent for the
cruise range between 70 and 140 knots. It can be seen that
between 40 to 60 knots there is a much larger difference
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betvween the two required horsepowers. It is felt that the
inflow in this region is not wuniform as assumed, but highly
mixed and irregular. Also, the GRP results were less than
the wanufacturer's horsepower in the 150 to 160 knot range,
This area represents the region of top speed for the
helicopter, and much of the retreating blade is in the stall
region. Also, it is expected that ther= is a change in
fuselage attitude at this high speed, which would increase
the flat plate area above what was used in the program. The
GHP program's maximum endurance velocities agreed exactly
with those predicted by the manufacturer.

TABLE I WEBIGHT = 16359 LBS

VELOCITY GRP RHP MANUFACTURER'S RHP RATIO (GRP/HAN)
490 1105 1152 .96
50 1006 1041 .97
60 960 973 .99
70 955 958 1.00
80 984 971 1.01
90 1047 1034 1.01

10v 1142 1109 1.03
110 1273 1237 1.03
120 1438 1396 1.03
130 1643 1582 1.03
140 1893 1852 1.02
150 2300 22156 1.04
160 2567 2745 .94
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Al i

VELOCITY
40
50
60
70
80
90

100
10
120
130
140
150
160

VELOCITY
40
50
60
70
80
90

100
10
120
130
140
150
160

TABLE IX
GRP RHP
1185
1075
1018
1008
1028
1086
1176
1303
1465
1669
1921
2227
2598

TABLE III
GRP RHP
1366
1229
1148
1118
1126
1172
1255
1375
1530
1731
1983
2290
2665

WEIGHT =
MANUFACTURER'S RHP

1247
1122
1038
41009
1028
1078
1153
1264
1445
1633
1902
2257
2791

WEIGHT =
MANUFACTORER'S RHP

110,

1449
1301
1186
1142
1153
1199
1273
1387
1557
1746
2038
24490

17321 LBS

19246 LBS

RATIO (GRP/MAN)
.95
+ 96
.98
1.00
1.00
1.01
1.02
1.03
1.01
1.02
1.01

.99

.93

RATIO(GRP/MAN)
- 94
.94
-97
.98
.98
.98
.99
.99
.98
.99
.97
.94
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VELOCITY
40
50
60
70
80
90

100
110
129
130
140
150
160

VELOCITY
49
50
60
70
80
90

100
110
120
130
140
150
160

TABLE IV
GRP RHP
1407
1264
1178
1142
1149
1193
1274
1392
1546
1747
1999
2305
2682

TABLE V
GRP RHP
1532
1370
1269
1222
1219
1256
1330
1445
1598
1798
2045
2354
2747

WEIGH

T = 19658 LBS

MANUFACTURER'S RHP

WEIGHT

1496
1340
1231
1173
1179
1221
1299
LA L)
1566
1773
2048
2477

= 20829 LBS

MANUFACTURER'S RHP

111.

1627
1457
1338
1267
1258
1297
1375
1477
1638
1866
2157
2589

RATIO (GRP/MAN)
.94
.94
.96
.97
.98
.98
.98
.98
.99
.99
.98
.93

RATIO (GRP/MAN)
.94
.94
.95
.96
.97
.97
.97
.98
.98
.96
.95
.91




TABLE VI RATIO COMPAERISON

WEIGHT RATIO
VELOCITY 16359 17321 19246 19658 20829  AVERAGE
40 .96 .95 .94 .94 .94 .95
50 .97 .96 .9U .94 .94 .95
60 .99 .98 .97 .96 .95 .97
70 1.00 1.00 .98 .97 .96 .98
80 1.01 1.00 .98 .97 .S7 .99
90 1.01 1.01 .98 .98 .97 .99
100 1.03 1.02 .99 .98 .97 1.00
110 1.03 1.03 .99 .99 .98 1.00
120 1.03 1.01 .98 .99 .98 1.00
130 1.03 1.02 .99 .99 .96 1.00
140 1.02 1.01 .97 .98 .95 <99
150 1.04 .99 .94 .93 .91 .96
160 .94 .93 - - - .94
AVERAGES FOR ENTIRE SPEED RANGE
AVERAGE 1.00 .99 .97 .97 .96 .98
AVERAGES FOR CRUISE RANGE ;
70 - 140 KNOTS ?
AVERAGE 1.02 1.01 .98 .98 .97 .99 3

e ekl s e a1 ak

I At ok b s el

SRS

1.2,




V. CONCLUSIONS

The logic and theory used in the GRP program was
investigated and found to be sound. However, there were three
discrepancies in the Navy's version of the program that did
require attention. The calculations in the reverse flow section
on the rotor were incorrect, the calculation of the chord at the

75 percent radius position was incorrect and the original Trim

Option for reducing moments would not work, All of the above

discrepancies were cotrrected. 3
Three desirable features were added to the GRP program, ?

First, the ability to analyze a rotor blade composed of more than b

one airfoil type was added. The program will now accept up to

five different airfoil data input decks for use in analyzing a

Secondly, the program would only calculate performance

rotor system,
in level flight. The ability to calculate performance in climbs

and descents has been added. Lastly, the program will now calculate ¥
ithe aercdynamics for a swept tip rotor blade design.
The results of the sample analysis described in Section IV 3
indicates that the program does produce highly accurate performance
predictions. The averaged GRP rotor horsepower was within two

percent of the manufacturer's data. The results were within one

s S g il g

percent when compared in the area of normal crvise flight. The
GRP, in this analysis, assumed uniform inflow, constant flat plate
area and a rigid rotor blade. It is felt that while complicated,
computer-time~comsuming procedures can be taken to reduce these

assumptions, they are not warranted if the GRP is to be used

At .t o A ko et A 2ol

gstrictly as a helicopter performance prediction program.

i ¥ sl 88 3 e Bl -

om AR nmre s

113

L e s T o




OOQOQOOOOOQOOOCOOOOQOQQOQOOOQQOOOOOOOOQOOOOO
N FNODBTO~NMAIFINO DR O =AM FNON ORO=NMINO QN —NM I
OO0 me me e = NANNNANNNNNMM MMM I T
OO0 0OCO0OO00O0OOROOVOOOVVOIOCOCOCOOCOOO0CO
OO0 OT00OOOC000OOO0000O0UOL0OOLOLOULOORCOOTR
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmn‘mmmmo‘m
mmmmmmmmmmmmmmmmmnﬁmmmmmxmmmmmmmmmmmmmmmmmmmm
VULLLVVLBVVVLVVBVOVLLVOYVDOVOLBLOILVLLO (D(DCDOUU"(D“

~

G
)-g

%) ,CZ(1 ’
3L

1
8)

LY T B N W )

SHIPTED,

1

FC (

CR (15) , XMASS (15)
i}
C

S
R
P
P
P
T
W
¢ (157) ,LOALFA) ,

(V(3) ,SpSD) ,

i

I ) L d d d dd e

) » (TF (4) ,XCZ), (TF (

HODCX COMPANION
D (1))
91)).&5

1

1

C

5

)

D

0

j

+XCQ

FUOL ORT
’
’
LFA
TRI

PROVIDED THEY HAVE NOT BEEN LIFTED,

SE FOUND BETTER JOBS....
By

x
Nl Tl oMl 88 N~ -
LA ANO™XI~ & =IONxDMmM
S S A E R A e b SORPGM A TR WQe™M
= T S S S N Y - e P I T am, WS
B g, T N OT OIUND AT Z U e
AT AT OO NN D DT a0 08
T g e 1 v S S ) N O~ AN D
Pt S e e atitans - S | Y RS TV [ YW [ o b S
Sttt eI e O RO N O
- W e, WIS QM
- - = ) S s, QT wC (T
L Y VT [ P P L1 P S SR B R
[T, P Yo Pt [l Ty = Y O
U £ 4 ] U D ] TN ol
1 ) et 3 e O T Py WO e B N S
B QO VIV e B B D) O = 1 ~
DOl QUNTS & O v O
AR n Rt e e A e W v WM &
S SH N o, el Me=~N

RN 904
1977

cafrr.
(V{2) ,R),

8

5

7

7

7

8

8

9

TER

23541
RGE UNGER OR HIS FAITH
,OMEGAR) ,
) ¢

GRP _CCMPUTER PROGRAM

XNB
ER
.
v
e
[

v
v
’
v
¢

ueG

N e e e e s e I g et N o Ts | o] ) (e w W TONTD B
et D B e e S B e i 5P e 5 e 55 5 0 o 5 5 B 5 B 4 et 4 Bt TR LD s N )
—~ N gt W) s =NO A O

f1
MODI FIED BY LT. JIM LOISELLE6NUSN

TE SCHOOL, M

CALL GEO
123544
OR OTHER
[ 4
[ 4
i 1
&ﬁ),
’
[
5b

£

XDTOL
BGLL Ve
NV
T0

XITL

£
[
)
5
1
i
5
P
1
S
0
L
]

OmeriM e O e TR ) =iy
HONOOOOHA T ™o e SR e Tl O N WO
Qitr e Bt b b bow o Qite b b 52 B2 1 15 10 B =0 B Ol Be i H AMD .~
R e s O g e " MJm""""QQ - Ul\m m
_ECNNMINORD OCROQLARKODET —ONM NP0

FOR INFO
STEVEN A
RIFTED,

AIR-530132B UNGER

L

=

[=]

L]

(-

(L)

&=

8 % e NP DA OO
A D
- M
o

o

<

114.

LoRVLVLLLY




EE VOO

B

i

Q4 Q4 O Oy P B B4 B4 A4 O Ot L1 Bt g O D Ot Bt (g P4 0y Ot B P4 B O
o 63 0 A 2 A6 02 A 13 0 0 0 4 o 0 0 6 0 B A 05 g At O (5 s 0
VOVVVLVLVLVVLVLVOVVLLLLHLLVOVLVLYLY

[~]-lololololelololalelalalelslalelololalololelalelololololelalalsleloTale e lolololotot el ol o Yo Yo T
(110
11
VoLV

WO NO= NN O ONQ=ANM IO OAC=NNFNOF DN O™ N0 O QD =AM
T NN NONNNNNIINMOOO W\ OO WVDD M I o Nt (= - DO D 0NV RD DO ORI OV
Sl i=ll=lrlalolololelolalelelalell=lrlelolslalolalololelolrlalololelolelo ol tolo loTa o Yo ToT o T o)
QULUWOOO0VOOoLOLOLIOCOLOOLOOVODOOLIVLOOWOODVUOOIVOODVOOC

B4 0 O 04 0y A Q4 04 R B4 B84 B4 B4 A4 A At B By
0 0 0 I 0k g 10 06 o 5 (s 4 4 0 0 0 o
VULV LLVLLLUNVVLLOLYLLLY

ke ok sk Rk Rk R kR Rk kR kR ok ok ok ok Aok kokkkr gk x VIHY HHEQ
(cfr=x'W3'1 zvaco. namp w apIyH (-0

Rk kkk kR kkE Rk gk Rk kg Rkt kkkkakdkkkk VIVA JAUND FANT

TANI’@oN
1S3l

.mn~==n-mmnmmw

9

LOZNTI DILVHOLNY

ZN (gL 9)arrum (-0

-
™
a on
oM
<O @ r~
o HNNINGS
Ll
"2l
OOOON

- -

ZOOW
2ie= O\

T \O ™~
™ M ONTOO

0

,@z

.mz.
ZN

R} 14D

z
-,

MAr-hQy
mxo-a It O m (I €= )1

(e1=x' (2’1 zuaqw,.a.an Mwaa«mqaqu. w

1’0191’ mmﬂ 01
TASO

ddaNs

S

§

$

(Si

2N (62°9)azTsm (°0

oL oL 09 (°Q

YOT1°‘1
c zou

wm

.m—

.mz
w
Bcnﬂmz

IVaTan (6L°
(eL1’

acagmz
agvigan (6

m\oﬁ\nv-l\‘-
QOE » u—I\D\DZ

,35¥)
BN
Vaguv T

Mn

:-OM
c NOD

W&B-

| 0k ad
ﬂ el WA U SN HD ™) v e

4R

TOoLAX
TOLTIX

Ids D
66

ot

Qanw 00072
W et T3 30
d30
= XOop
mmwmazh
TYId
fiN IV3IY

g£d TYDIOT
0pc) A NOISNIRIA
gx ,mr €L)YGX NOISR3IWIa

{G1) SODdMS NOISNARIA




OOQOOOOCOCOOVOCOOCLOVOOOLCOOOOONOOOOOQLOOQOCCLOQOQ
VO OAS NN OO ROANM IO OONOQ=NMINOTONO NPT QRO ONM
NN OO0OOQOOOO ™ e e m e e AN MMM MMM S T
OOOQC o o O ™ T O = 0 T 07 00 T 0 1 0 (o 0 T T T O O 0 4T T 0 0O R e e e
LUOWOOOORLOOVOLOLORDOLWOWVOOOQRWOLOOWOULOVUOLOOOCOVO
O 1) B4 O O 24 O Q4 B B4 B Q1 O O B Bt B Ay B4 Ol R Q4 Ot By B (e (4 Ot £ A P B O B Oy Qs B By Qe At B R O 04 B4 Q4 R
o e B 0 0 o Ok o 0 o 0 s s 0 (o 0K% ok 0 (6 % 0 s % 1 s G s Rk ¢k 5 0 R i A ) g 0 £ 0% o % g X 0
VOLLLLVLVLLYLVLLVLDLLVLLVHOBLVLVLVVVVLOLCLOVOVVLLVLLVLLLOVY

a0 kok o ook ok ko ke ok ok ok koK Kk ok

e T P T T T T L T RS R R E e L i T
N T L T T T T I g
(VEL*1.689) **2*ABS5 (FPAREA)
CH CASF ##xakxbhhhhhrks

RIABLES ACCORDING TO INPUT OPTIONS
E.0..AND. (ALOPT.NE.O. .OR.TOP.NE.O.)

*
*
»* +*
* o] (=]
* - -] .
» 11 -~ -
* * [ o]
* [Tale ] - L]
* % -, (=] )
* ¥ | O [y ) MO o
* % il - (@l 1] 3}
* % Q0 ~ L |
* * o - - n m Ll
* #* * N o [
* ~ - | 2] -_— (%2}
* - oD O® P M« =W
% B4 [~} - - OMm - 1)
- »* -t 8] - LY B =] [=] <om - e et
[~ [Ty) * Q- o LK . . . (o] 1=
[~} L O% e N (=]} H HOOEH fat) ] oK
oQ < - O~ 0y - e ZHnWx= - QT >~ ofs] ¢ o
Q . L od QD NRHNQPLPrNE — Pl e | [ U=~ H @ O NEEZOE
DN Ne=O i O 0 O« DO a A PN EEHOA@ID Y o o
[ i Te IR} ¢ OO MO HOAQMMIA PO ma . Quped o U QD . ™ O] Qe
[l adl | ol M= | ¥ mUIAIE o O Tl Fhd Al ) BRI B e
I e~ Ol N o} #ZOMME4E! D H UG fl @Gl COVD O | =M o
OO || Nl H=D | O N ZENEM ¢+ 0 © b R R4 1
ZON e | ONubiin QO || S BAD A N OO EHEHEZENEHONH NMHEEOMOH O
= A RN el =1 || Q¥ QRN NACIMI | By {| ZOZ~VZ NS B
UNNNNIHZEN = wmakNNDF ANt B~ N B mes G- bt ] P Sy
mz——ggqcmHompqi mq.«::—n—iu89:\0&&-4&.'--&0&&4!:&0!:0:4hhmm’momwhr—l
0> D ) B 0 0 03 5 - B 4 396 05 0O 0 2% Bl el 0 00 0 (0 i d /00 000 28 012, 4 0 525 €D DG K00 ) 1t 1 4 B 0 64 ) o] et ol
*
Q ®* RO (o] #* B
Q * %O (=] L NS QO* \
(=] * RS o <2} - - ~% W
[« ] * [« [e)] e o] [ o] o] *
Lo (=)} (SIS
116.

i 3 Rl S i e

et e A S s S

+atamnizd LT Yok et st YR 1 e b e el 2 D



e e Ta R e —
! b B ‘ . ™ s e e g

ﬂ!v&iwflﬁt,. ammcansaieeny o

WEVHN‘1=1 wom od

(r)o¥Ix- uaa.u.gax
94SN’L=C 906G 0OQ

L°+ISdA’/0*09€=Y

J4/ISsdad=1ISdax

JUx¥Dd=2d

9ISNX=9dSN

*g=xsdL¥ (-0 .ow ISA IV mH
1Sdd=ISda ("0°03°1Isdd

*D°dN" mmoa|mma

0"EN"TAN=TASO

: NYYI=IN¥d

02611449
0il6l)dud

00613349

068L0dY49

08813449

04810449 1d3%2=1 906 od

098L)dH9 .ouHu

0GeL0dyo L0S 0L 09 (TASO-LON")dI 406

Oh810dYY  xkkkokdokdkkkdokkkkokkokkdorkkk JASN 4§ OL mw m«c z«n ATdYIYYA wa dWOD »%%x»D
0£8L0dED WEVHN? L =C 471X 206’6} avay €09

0c8L04dud REVENL=07 (04 T) VIX 206,65 avay

0LB8L0dH9 (r)ovix {10G°G)avay

008L0OdYH9 94SK’1l=1I €06 0Od

06410499 HUYHN Aoom G) cvay

08LL0dY¥D *0=THVI

0LL1)d¥D %06 0L 09 (*0°0IIRVYTIII LGS

Q09LL0d8Y  sxxkkxiokkkrkkskxkkkxypihkknxx JAYISIA 41 VGEBRVTI J0 mquoz 4@ YT %kxxD
0GLL04d¥9 .o ¥YaxX 069

otLLDdud 9aSN’ L= a omm oa

0CLLOdYD LdX‘¢=I 066G, od

0241)4d¥9 166 0L 09 (TASN)dI

OLLLOAEYD kkkkkkxgxnnknkrekikkkkkhkrkkk (ISH TE€ OF ION 41 SxVJdRYT ILNO OHAZ kkkxxD
00LLOdYD mwuumz

06910449 1sda1+ (1-1) 19d1= (1) ISdI L66 .
08910449 1dX’2=1 Lp6 04 ~
049L)d¥9 0=(1) Isdl —
09910489 1Sdd=1Sdal .
0913449 *ANYI*=ANODM

0690449 *dnyl *=1sqr

0€£910d49 L=TIIN {(NIHS)dAI

02913499 TYLA=TUIN

0L9L0dH9 (gYds) sav=8vdsN

00940dY99 0=NII

065L0d39 .zHMaanm V=HITII

085104¥9 HO»DH) / *Z=DV4

0LSL0dYD CxxHO = SHO

0961L0dH¥9 GxxYd = GY

06SL0d¥9 hxxld = Hi

0n5L0dYy9 H/9V9IHO=RO

0eSL0d¥9 L+X=1d)

02510449

01540449

00510449

06nL0d89

08hi1Qdu9

0LnLOdYd

094 10dHd

0Sh104y9

ohtiL0duo

"0°dN"




LR —

L8’8g’9g g/ - (1) X} 4I

i oLnz0duo

i 00825349 9ds .Fuw mw mp 661

; 06£204d89 ,=I10=(1)0 Tt

i 08€Z0dy4s : wmmd =1 Zi_ od

| 0L£2)3¥9 661 0F 09 (1000000 19" ((2)2-(1}o)sdv)dI

; 09€Z03HD AwmmJ wnomnwam

: 05£204¥9 wm. I) X= * wx i

w OREZO3UD 0°z/ ({1 xa+ (-1 xa)+ (1 -1} x=(3)x

{ 0EEZDAYD t-T) Xa+a=qa

i 0ZEZDJY9 9asSN’Z=1 { od

; DLEZDJND gZ+ ) x= (1) Xx

i 00£Z20d49 o-z/ (L)xa=(1)x

0 06220249 ¥d=0 ZOE

i 0822499 SAYOHD ANV S*X ALNJHOD D

] 0.220d49 0°L=2H

: 09Z¢0dy9 0°0=XH

i 0G6zenadn 0°0=XH

i 0hZZodd9 0°L=MH LOE

: 0€£220d49 Nmm 0od 09

i 0¢Z220d¥9 0°L+{0°1L-200) x2dd) TI0S»VV=2H

' 01223duo 0°L+{0°L-29d) »CVV¥) J80S*D0=2H

: 00¢Z0d489 0°L+({0°L-ZVV¥) %Z3D ammm*mmuxm

i 06LE0duD (ZOD#xZddxci¥ +0°1L)Ly0S=MH

; 08L¢2d439 Z*%xJ2=7ID

B 0LiZ0dY¥D ZexgH=284

] 09120449 Zes VY=2VV

i 06120d49 (09/92) S00=22

| 08LZ0dy9 .wm 194) S0O=4¢

; 0€120dY49 28/9Y) S0D=VY

i 0cLzodys L0€_GZ 09 (0°06°0d-T19d)dI 806

! oLLZ0d49 , , bes . , SNOILVINdROD ATONY XIIAVHUD O

: 00L20d¥9 (cf1=34 *(¥¥°1°4) xaosq) ‘¢ “m@.wum%Hau ] éqmmmuv dI 01§

: 06020449 _ (c?1=99’ 1’1" 1)zadsa) e, 697Gl avay

| 08020445 zN’1L=I 015 od

; 0L0CIdHI ZN (6979)d1188 (0°0 "aN* Jdmwmw I

: 09027449 s . , ) ZN (69°6)gvay

; 050£0d¥9 c’1=93° (M*1°1)110858) ‘¢ (69°9)alzuy (0°0 Fy, qudgap) 41 60S

¢ 060¢31dy9 (c2v=0x"I'1%1)a10s8@) °r, 169°6) avay
0€020349 ZN%1=] 60S 00 9006

ﬁ 020¢0da9 ZN Mmm.o dLI4M

! 0L0C0dyu9 9.°9) AL TUM

w 0000449 9006 0302 (0°0 -0F- gVi§upm) JI

i 06612439 ZN (597G} avay

, 086L0d49 gvdsyn (e9t’glavay
0L612d¥9 *Q=1ds4
09611449 g0S OL 09 (°0°03a-T1dsd)dI LOS
0661030k sxne bk hkkkkiE G*****w*w**4 &NmHmma mm nann mqwm aﬂAHm¢»H¢ VI8 xxxxD
oh6L)duo (Cuy) RISt (170l a1x-{98¥) S0 {T0) VIX- (0’1} vaX={C7X)¥aX 90§
0£612349 IX+99Y =98¢




0% 0 0 1% (0 £ % (35 6% 1 A 0 % 1 o O
VUVLVLLTVVLULLVLLLOLOVOY

G 0 Ot Qs Bt B e Gt Bt By Bt B4 B B4 B B B4 0 Oy Q4 P B4 O 4 Ot (4 B4 4 B4
VVLLVLVLLLVY

COWOLOROVOVOOLOO0 OO0V OOCOW

Qy
o o s 0 0 O s ki £ g O 5 % s O O

OO B A A B4 O R A A 4 B A D A A A B
a4 o O (g % O O O 0% A 0 O (K A
VBLVVVLLUVILDLLOVVLVLVLLVOLBLLL

[ I L [ I T T T Do I K A D I
QUOOODOLOOOQO

(OW* "Z*MH) /T9-TVD/ (TTIV) NIS*AR = GENTI
#0L Ol 09 .a>mm dI
Zx*NR =0 SOR
mme.-*m¢wmgo\q<w*gu>um=
§T1TV) S02=T¥D
U/ TIV=4T TV
LLL 03 09 (°Q°IT1°TA0Q4I
LLL OF 09 (TASN ION®*ANY VJTV-ION’)dl
*********niaifa*i***&********************* VA9WYT ANY DN dINndR0D *ak %D
I5d4)) S0O=50X
isddax zmmuz*mx
Ja/d9€quHd=¥dequd (ded)dl
N**mqwmno*mm *HmoAauzm Z0oL
ISINI* (L =TI xX) ={1} 0L LOL
99sN’1L=I 101 Gd
- zoL ol 09 (0°0°DE-ISIML)AI
m%mHsa waamzou o)
(ExId) /sLI*aNX=sd (°0°02°1S¥)dI
1S84=SH L6
YW9IS FINdWOD D
HOUS /HxHOWJI=S
GIN/HORS=¥S 96
L6 01 09
4/ HWOHS*«S=HOWd
4S/S=S
SHYxUS=HONS
{(T) X xAXA+US=US €
axd+s=s
(1) X3% (I) Xx288/ {I) SSVNX=0X0
93sN’Z=1 € od
.WNu*mumm
.p,xa*.va*mmm\.F SSTNY=
96 Ol 09 (*Q°dAN"HOHWS)JL
ExxdxZYY=G84
ZxxdxOHU%G " =244
SINIWOR GNZ ONY IS} dINdHOD O
(1 *wquu I)2471X €
(1) xax(1 Auu I xmmu
a/ wwuuﬁw i)
(1) xa#Zxx (1) 0= (1) XA
9gSN’L=1I ¢ 0d
*hZ/Zxx8VOTROx0BY=4TX
SNOTIIVNIGROD adsn ATINZNOad4 40 NOILVINAROO-F¥d I
Z*xHT9THO/ U %x9=98
N**mno*.mummnu 68
(1) 0=6L0 88
68 0L 09
.Aﬁ—uH,0|.Hvu.*..-uH_xIAH_xv\A.puH.xnmn.vv+A—1Hvuumnu L8
ANNIINOD 98

119.




Mt Gl TR TP ™ T W T T A T
: T e R L R e TR S Al.
= e ket
ikl alle, Y
I

06EE0dYD
08EEDJUD #kknx dNNIINOD 0091
0/EEDTAD sxkkkkakokkakkrkkrksek STNTVA wzu..umﬁumq.mm.a mew memmﬁv dn 43S *xxxD
EHE ——— R G
OhEEDJHD 585 owmm$wmamMZme~Hoz. aI
I 1010X*TOLTX *WITL10aq *Ta- 8t *9) -4 TN
QUEEOdUD  mkkaddmkhkkhk &bk 009L 01 09 8°0-0d  1ITLIIXZJL
00E€0d4D sdokkdkokkkkx TISH A .mﬂwm@mwazowsmmma JO/'YR INIET k%D
08ZE0 3ud a8 1018 31003} i
a0 L T ("
0LZ£0d9D SAHLSYRTM (BZCi92 ALIAM
092¢£2d49 SIHd D0IM §L72,9) dLlIdM
0GZ€04UD m%mm.mwmm 9¢cs9) ALIuM
mmmmmmmmnna.HmmaH.mm.um>;=o=m.== .mm.zowm.mHﬁzu.cqwmmmmmmMmma mmwwm .mmmwmp w
. 3
Ot d i T1edL’oBd“90%asas’ 198”3 ov ' 9¥odaRro Mnomno aII4N r
mememw 4SYD Aopcwam |¢w mm '
0BLEQJUD (asusy=1 : (1vau) fo0z)e) FiIun ¥
0LLEDdYD AN STIINE 159c.g) aiima ]
P SILTORG e s
wmmz.wuH.“H Xxd) {20Z‘9) ailum §
o s (9ggR?i=1° (I)S5yRX] {L0Z'9) BLIuM . .
£0de 9gSN? L=1* (I) z < !
02L€0d¥9 = NR) Lgog,9 FII8M 2001 W 3
OLLEDJHD 85“9) ALIdm L0OL ~ 2
00LEDJYD Z00L GL 09 ¥
060£0d49 ,. _I={I) 8N 86l _
020€0 195 oSNt RN dnT¥a o :
03062280 99§ S AN o, i
WM“MWM@G s e ook o oo ok ok ok ok ok ok sk okl k ok ok ok R sk ok kKoo Rk kok korkokkokx © ON mwwﬂ m % m%_um:mw wkok kD)
mmmmommm N**anm=¢4:~**AAymmm.*mgwmnom Am»mpuowmwu €01
ooommamw (Z#x(LZ6G " =TYOTNO) * (T« VATRVT+0OSAN) ) TUOS = TdA
08655 3u5 “erDNoR oohn
0565 U9 €oL ok 09 ("0°0% N3DIgs LLt
mmmmwmmw QAHTIX * YQERY T “mmmwwo* Z1188 cos
0L oL 09 {L000°°I - (qGRTX-VAGRYT) SAV) AT '
mmmwmmmm A.N**nmnau+m**==vamom*xz*.N*Hauv\qmuqquw.wmm«~zmm*mMHum“mwzmm
*Z/CENTIX = dAWIX ¢P..aq.=zva




e lelololelalalelelelelolololalol=l-lol-Tolololo lolalolaloldlolaleloTe Lot Yo la To lo Lol Lo o T LoTa 1)
OFrAIM TNV ONO=AIMPINOONOTNO NV ONC=NMANOONO=NMIINOMSD
T X3 T T INNNNNINDNNUOIOO OOV DO O OSSN (S 0 DD D DD PDE
MM A O LA N MM MM M MR M M T N O NN MM O N Mo Mm@ M MMM e, e
OOV OOOOROVWORLOLOROVOVUWROUVOOLOOOOVLOOOWOLOOLOQLIO
O 0 O B B At P Bt Oy Dt B0 Rt R ALy O Bt B B4 ) Bt E4 Qg Qg Rt B By Ot Bt At g Ot Bt B A O D4 0 Ot Ry B4 s Ry B B4 4 B O R4 R
o 0 651 ) g s 0 0% 0 A O s A 1 % G 0 e ) 47 (s £ S S s 1 0 600 A 0 B 0 P 0 e 0 R G e g 1 o K A g
wuwwowwwomwwwwwwwwwwwwwwwwwmwwwwwwwowwwuwgowwuwww

*
* *
* *
* %
L X 3
* #
* *
* *
»* %
* *
* *
* *
* *
* *
» *
* ®
* *
* #
*» #*
* %
* %
- * #
Ot * # —
onm x % -
(Y] » % {
me * % (o)
N * * ~
L. 1's] * % [V
[T} * #* [="]
[el} * * m
(= X e »* * *
- g = L X2 —
o~ — * * 0n
™\ * % o =
(o] * * (ST
€4 (=1 Ja »* » < w0
Y-~1/;] * * 1
o 421 =] * % .« »
[4/] W -f -] -~ * * LdlP
E et = * #* S -
- MQ GeltN —— = * % +* I
(=] —E UI% o [+-1:4 * * #* = =
3 N D «o$ * % - * % -~ o~
[<5] NOXN e .9 (=] * % n M
z O + ¢ NN * * * ™ Oy
N HE O~ - o * ¥ * m
-4 * o~ N N ] * #* -
(= o i NN o * % -
- [T S - —~— S * % 1 ©
. C e o ~ * » - Q
-1 pun. s Jal=) — (S} o] &4 o X b
Qo O AN~ - =N ENA D% * A W~
. o f~ ot -—r EEEOOH O O # % = () gy
. = O B o™ e I 1 ONNEXZ: NH % QU+ Qe
——r) - I By EON\NNNO e EX % MAaE |~
(SIST-T. AL I 1= " MOO* % N\ =Dy OOCORNDUNHMENOOOOOM® # L™ M
e eOl Ay RN GG D My ™R o e e TR o v o 0 SR ONDG |
NN\ AAMZEQM ™ om N | =K COQORMNAN ROQOOOCOULR | +H"LZ
NN Ml =>~NN\I | €= || O | fud 4 =10 (O b~
N~ E BT Qe e+ BN wn Haunptnnilpesl @N |
MOAOHF N ar-CQUUNHde o || O Il a0 I (2] N* NOQ Il =l
OH I UNAar™™ | B | O o fol = || AU =~ QO w2 QR @) | ==
I OGES I | =, A ] e ey | R O N A MO EE N EERR O
=] ) (0 [y B Oy A O Pt ™ Oy O D AU AN IED IS ENNDEERDDRDODUN o~ tin
RN HOAAMAMO - TMMMOMOME A T AL NNNNNES Z oM@
* M
o [a] = * 0
(=] - - - * g
o~ o~ - - * M
[S1S)
121.

L

inbilta Bt A

S il b Dt Aol S A

it

thinae o sind caadb

IR VRO PN

PTIINI

P O S




e EER L e R U Lo il Cahl ot Pt T T ™ ST T VRTRY R ST T S g et imn s e 1o g g

L 0L 09 {gvasn m - mw

*0=IHOYRX (V4TIVOT *IT° (N‘I)IV °¥O° 4mg4w4z. wq , m«wmmwg<
m\azw TV =aV q:

((R*I)IV-*"00¢-TVEAV) NOIS=(N"T) TV d * w.aama
T¢

Sy Ll

49) 4VL3ZRL) Ss00* ((N) yvIauI) NIS* ( (N) SODAMS) sAV) ZNYL v+ (N’ Hvuwﬂm vqa

g9 » dd= i
49£dL- (ZISA) NIS*SZA~- ({Z1Sd) SOI*STV-NISZ%Sig~- m& ma .z« z.mcamme

. |
4
q
4
4
y
.|

d
d
d
d
d
g
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d

DOBLBLVLVLLY

i3 N
4*..zvm=e= { vm mwzaaq Ja i nd cee
D8x ((H) S0DaANS’ (Txx zumwuwmml. M mzmad Adzw dIIMS

307 Iy - i choans
i Septlpere aﬁs

(Zex(N) 8D + mﬁzvaa ; n

mnuw =N/
Zxx (N)EA + N**sza=+m**wmwmg Mmm L006

H_"
Msmmaa NISx* - smmHawmou*wzqaa
MSdIL) RISx z 9: + {(MSdIL)S0Dx (N
L006 0109 (ISJAILN °1T1° R} dI
d4IMS dIL §0d SNOILVINQTI¥D O
NISXk+ (OIHI+ORT 1

S0J2Zx0dHI + NISZ#OSHAE) »(SOOXx (N) X+4d) +VAdARVT) - mouu*mouN*¢ = {n)un
SODZ% mmmm*m H+l

0Sds JWI+AQW) +NISZ * (OIHI«HHH-NK) + moo»;mz u+mm.*.omm- mUmw

Y9INO/SODExSddD8 - ume 0 mn R
4voano/ (Du/11v sz*gm>+m<wmno\ SOJX* (N H.n x ( ~m= (N an (TA =vmu
-(1) ag*{(N) X- mmu»* ommap

sz»* zumn*nﬁ mouN*=
*URT -(S0DZ#0ZHL +NISZTxOSHA) % {(SODXx (N) X +HI) +VAAIRY T

.zumm =gN
wmmzpzmwoo

******************1********************w*uonanmwmazH dSIMNVdS NIDTE O
(€ AHd+ISd) NIS%EEAT+EAL=CQL_(HEMI 3]
TEAL=£dL
g¥d € VITdQ ¥0d SROILYIOADTIVD O
ISdx0" Naww d L

122.

1

SODX*NISA+RMDO=RMD (-0°3N
m*.sza*mm¢==\um*ﬂaz*muu»+sz~* »m»zuma+x=*mmuw
m

g

m:mmmmmmmmmmmmmmmmmmmmmmmmmmmummmmmg =
©

(eleololelolololololelalolele ol olelol-lolololelalelolelolelelolelolelelolalolwlelelololole T Lol )

QAOrrNMINOGORO A AM NS ONO ™M IO ONO T~ NM N0 ONO = N =S INDS
[o-]

LUOVLLLVLLLOLVDVVLLLVLYVVLLOLLBVYVOLOLLLLVLLVLOLY

NN NANNNRNOOOOOOOOQOT I I r e ™= ™ oo = = NN AN I NN N M M N MM ot
MMM MMM PIIIIIIIIIITIIITIIIIIIIIIIIIIIITIIZIITITIIITIY
OWOLOOVOWOVOLOOQOLUOLOOLOOODOWOOULOVLOWOOUVUOODOQOUQOQWOQOOLO

W
(1

R 4

TR et

e Sbh o LY




T PO T A

TIPS 7 S T) T P A TP o Y I i S e S

{ v=|mou»* ax (s m =B . ;
oasn0d%s mmam\.m—m»moua _RiSaanonst qu =1 :
0h8Hd d¥D 1doML/ (NISZ= (E) H+ NISZ- mouN*sz»* = :w 3
0e8h0ddo = HM d
mmmwmmww Hmozé\woum*w Mmowuam ww

a3 1}a 3
posagand _ ggonss(eoats @i il ol
copﬂommw HIRWIZV QNNOVY mazuHuHmmmOU 32803 din :
mw»:mmmw *4*_..******_..:*3.__.:.:.:.,**ﬁq******:&*************k*****Amwmum*um***w*mmq*u
06LH) Y9 .zvx*=u+m Mmuu M
gic 1y oes Ry
0ZLh) dud (N aoax ()i * (R H.au+.zvmgw MMMUW q%:uwaw
01LH0dUd =U¢ wn £)H
00LH0dHD .zvau=*ﬁﬂvmm*ﬂ 13=
06940449 X0+ (2} H= N
THOE wugaps R 48
: N)ad0x (R)¥QLOx go, =
t0 du9 =

029n0duD (N) 231X ((N) p) sava ((R)dnx (N H,au+.~ Wﬂuwmwmwu ¢¢wuwmwauwwmmw c
i ke .

I ‘0" d9° (N 0
03Iy d¥9 0202nI% 13° € m»m oMzmmoumzm Sg¥) dI ot
D5an 15 wn1d B3 - - m R LM O L i

hd [
065hD du9 o={k "2 15" 153 901 0ICO
Semise oa: 21+ B3fid]
Nteo w.m.Nq+—
095h0d¥9 s ) adie 1@Jsg) tNITd T1¥D
055650439 ZT/LHOVRX 2GVITIVS (N1} adjiL . 18 e
05n0dAI LT SHIVHY mcaA4~MﬁmHMwm<wm UL E aqwmmm S T
0£560d89 ZLL 0109
025 h0dUD 0°0=011"1) 13 L -85:4F AT
0LSh0dHD nqma + (N wvauu,z wvau Lot
09CH0 382 WSTastevan? (cgetolaniy
08thodu9 Z1°07° (1) ISAT¢ (N) XX‘N*TT° FHOVKX *G¥I TV memm.w s 1008
oruuwmmw 0c0S Q109 (1 .mm..m dI)at
mmaaemmu Z1°1 1’ (1) 1S31’ (RIXXR’TT  LHO¥RX "9YL TV Mmmmm.w mwumm
Ohb0du9 *0d° 9uII)II 20l
aEtiodes or0n. to:0a ooty TafIEL
2 ,L01,0108 (z:0d- 2T +

QLnb0dE9 ' : *(N*1)aD'001°G) G AN 1a0) HNITE TIVD
00t H0 349 ZT'IHDUHXGVITV ! (N’] 14 1195
D€ 1) 442 M—q.amuqsx.maaq<.~z.ng "19%; mqmmmmwgwqmmcmm“.zamva




R

0
(Toxdg 31 ((1)da-(1dax)az)sav) "ane° (101d°471° Aﬂ—um »,agvmwmmq =ANOD
dAONIODIIANOD 9 Hmmcqm Om LS3IL D
tLl Ok wm

Vm%m MMAW%&

49 Z =

39 Z =

49 cla d

49 21 1

49 10133402 30 1

49 29I« {S1E8- (L) TdN = §}i80

49 29I« (SEVE-(1) LAN = S}Ya

g9 m—m GNY SIV VITd msnmn 02 2
g9 . h9L 0l ou.awm-w ION") JdI

49 (1cang’wang’cang’zind’ Lapg’oe’00“ad’9” ¥ qum qw Yo

mw Jux {1id=(1)qag —FFJ
mw SZTY93T NI ViIZ8 A0 °TTVNY "HYYH LNI¥d QNY JINdNWOD w
YOk ok o i e ok ok ok okok o 43 3- wwgﬁ**** 3131331233 *******a*************w 2311311233 L e
yo (e JLIUM (INYdONY " (WITIZI IT°NLI*QNV°NIHS)? "LON°}Jdl

a9 €Ll OL ou (TaIN- A.q a1

. 9 A d1

49

4o

39

g9

q9

g9

49

0 = ISd IV mm=44> UZHBM<HW JAVS D

xw***************i****************&***i********************************llU <}
49 NIINOD OF S
39 (r)adg’(r)ag’ (D) a’11*1sdR (Z6* m dLTUM 662
55 lodasn avpy (M’1)gd’ (‘D) 10, ’ (4 1) HO =xem 7% T
32 *(N’I)IHE’ (N : .zqa: :wqaavmmm.AH,mm Mpum uqapmmz amauxu 867
39 AJm AL I8N
49 86C oa *I9°1} 4I
66Z 0L 09 M SSANX) 4T
I)ISdI=IgdN
4s (1)aaa’ (W)da’(L)g (we’9) ma - 04 I GNY-1°0d-17)dl
0€ o1 09 " (° ((t)Ssany+{z) SSANX)) AI
q3941s3a 41 oszoammm 4O0/aNRY INJISNVHL INIY o}
Exxdx m**m<wmn0*um*o i
/ (RISZx (40d- (1) d) »HAS) -NISZx (I} ZOxUA+NISZxCHRX»4OAHd = gﬁ
(Exxdx N*«maumzo*nm*o 1

/ (S00%Zx% (403~ (1) d) xHAS) -S0DZx .Hvuu*ﬂ F3$S0DZ»ZHN OdNd (1 mz
( szu*N*4 vam mwu»* M mmm ) = ¢

ol+ ({(HOxWOKS) / (Wo/HaASx (4dd- (1) m~+mzom*.a dd zncung = J mmmm
NISZ *OdHI*°Z -S0DZ »0OSHd =*

_Hmoae\* TANI-" F *zmm*moun*szuaszN*samzw

Idont/ ({TdNI-"* *sm:*szN.szaumouN*z z.

mmmmmmmmmm&mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm#"

F I3 I I I3 T 223 F IOOONDIDN OO OOV OOV DOOY
A0 A G g

COOVWOLUWUILOVWWOUOWOLOLOOWWOOLOOLOVOOLOWOOOOWOOWOOOW ;

SONO=NMN P NOEONO =AM IO ONOC=NM IO DRHO™ NN IO ORO ™ NM PN
VDR NTNNNOOVOCOOQLOOOOT ™ e pmem = v = o= (NI N OICIONONNIM M MM MM

OOOOOOOOOQOOOOCOOOQOOOOOOOQOQOOCOOOOOOOOOOOOOOOOCw

0 0 0 i 0 g 0 A 1 g
VOLOLVLYLLLOVLVLLVLLOL

Mwm :N:




gIX+DVA/dHx"9Z£=0a02
Zex0N=0SDN

==*ua>\gm>-w y<mn< JOR") dX
889 °i/¥D/JVOIHO*xNR=DVA

.aun QOX) ZNVIV=D¥

VO +dX~-VS*d Z-=02X
cm.mx+ww«ma-'gu»

{Z*xQUeZ4%T VHWOm =8y
.N*»mu¢w¢*mm S= Umx
TH/QY) NV IV=
m-m-muﬂuogq
DU XV =S1TV¥
.A.am=n+~**4om:4r
T) J90S*x0N="2) Z/(IH/4Z) -DR/VAIRYT) NYIV=XY ("0 TZT"TAN°TO°TASN® mmuq ldl

d»22X=4d2
dROx8d*CDIX=dBd
AROxD=dH
YIx00X=0
* 0SS/ NO=dKD
Hxd=8d
zmauu\mmnwm osLt
kxkEkkk kR kkkk kxR RkrkrkkxxSTII04 Mm 00X JLOdROD *%xx%D
I1}d0+dD2X=dJX L09
MH TH+THX = THX
I n +HHX = RHX
m~¢mxx|mu~
ERO+X0X=k2X
xU¢<U~ NUN
mU+MUM|
QNI X= ux
wa 2+d02X=000X%
pq w+AOUu =T02X

a¥ 109 0a
M wam 18X
4R HHX

Z) do=dD0x
IX=91X
X0=%0X
Z) X0=X2X

MMM P TP TP 22T NNNNDNHNDIINNIUINO OO DO OO \O DN I I = IS I f I I M [~ O D a0 D
NN

QOOOVOOOOCOOCUVOOCOOTVOLOOOLOOOOOCOOOCOCOOOOLOOOCOLO
WO NMINOSOND=NMANVISORO=NMIINODNO ™ ANM IO ONO™NM
NN NN NN N D DO NN D N DN NN DD VI NN DD DAL D IODLONININ
QOOOVCOOLWOWRUOQLUUVOLUOOOUOODULOOOWOOWVOOROLUOLWWOLOODOOO
o Qe B4 O 24 0 Ot Qe (4 0404 P Bt 0 P B4 A B Ay B By B4 Q4 B4 By Qi Q4 Ry B O e D0 B R Q1 Pt QB (s O Q19 R B Q4 P 4 B4
£ 0 0 e 2% 0y 0 05 o 195 A 0 A ) 0 0 00 0 g 0% g 0% A g A 0 O B g 05 A 5 A (0 4 93 e 0 o % (s g 0 (% 06 05 0
L”UUQQUUU’OUUU(DUCDL’JwaU(DUU(DQQQUUUQKD@UUGUUQQUOUQOUQUU

. i s . I
F.._E:,.: Wt M et P A I "




Gakit Ja it e pe i it Uit et s L Ve S LT

OFE G0 dHD ks s Akt ok A ok ok Rk kR R ok kR RO B R R ko X 2
GZ€0)dY99VSSAN FANTIVI ININd ISINHAHIC *SyILINVEYE YIITV AIAIIDXI IOR LIWIT 41 O
o—mwcmmu******i**i*****fw**ﬁw*******iiiqiiffii*i**********44*4§¢&**4**4****4mm J
00£90d39 _ 0d mu (ANOOR} dI 669!
062934399 . . , m—ﬁ *0°0I RITIIX) dI
082904349 NII’HIX mm* aguo1l w<> nw & JTe{EQL 79} aJLIVA

04293 a3u9 yH3’ maq <meu c m « =m ms mm ¢8L°9) aJIuM
09290449 . , a m u 181°9) dIIUAM

06£ 90 d¥9 S002°SN¥DD mgmou omgu SOH) o a §12 2108199 JIIuM
0hZ90dd9 AnW vagauvi‘sLi’sca’sezy mpm mpq ma_ 9} FlI¥N
0€290dY9 86°9) FLIuUM gLl
02292449 669L OI 09 (ANODR ION""ONV"°0"J519°dINS) 4

OLZO0 AUD M skskokd kAo Aok ok 332K ook ook o b ook o ok oo R Rk ORIk ook Rk Rk ok Rk )
00290499 IIWIT °"II 104 1SIL ION &I “INOINIY¥YI TTVRIA OL 09 AIOYIANOD °*II °*IMYW 4T D
cmwwommuqauiii*****w*****¢***********;* Ak Rk ke kR RO R Rk ko ko ok kxR kR kk O
mmWwwmmw.oop.mq..nm SAY "INV *° * 00} (Wa mma.az<.>zouau>zou=A.o.mz.nHmwa mm-
09190339371 {S1 60) SAY "aNY "9V¥IOL*TT° (SLVA) SEY"ONV " ANODH=ANOON (-Q°daN°JIGV}4I
06L9)4dy9 ANOD "GNV "ANODH=A OUz .zm:m dI

0hl 90du9 T0LaX 31" (QOX-Q¥) SAV ANV ANODN=ANQOW V°JION ") 4l
0€EL90dY49 T0LIX *dT1" Auunam SEV=ANOOR
02499499 9LL 0F 09 (°0°OF°"WITLIX) JI 00Gi
0LL9DdYED wkkkkkptkkkrbkkkhrrndikk VISILIYND FINTOUIANOD NOILVUILI HOCLVR ATddV *%*xx1
OOL 90 d U Sk kot 3k 3k akok ok o o 2k ke ok 2k ok ok ok o ok 3k s ok o ok 3ok ok ek s ok ok akokoloak ok ok koo ok ko sk ke ek ok i Rk ko Ak kD
06090d¥9 SU/SNY0D = sS00D
08095499 (IxdH) /0 = SNYOD
02090449 mmq*zm =A9R01
090994499 w *HY =A IV
05090499 (32T10X L=d391
0h090du9 (ZexdZ+Zxed X4+ %nd S=S34
0£092dY9 S mau S04 adD
0¢090ddo S¥/dTD>=504dTD
0L090d39 S¥/HIJ=SOHD
00090439 S¥/LD=S0LD
06661439 MH/QDX=3ad
08652489 MH/TIX=dTD
0L65)34D w=\mmuzu

0965) du9 NVIS*ASxdA- (NI« NVISkVI~-NVIDXNS) %IZ- (MO NVISHkVS +NVII*¥D) « IX-=JH

05652 d49 AH/UHI=ID

0h6G) d¥9 AVIO#MS*dX+ (NVISxVUS+MI%N¥II*VD) xdZ- (OVIS*YDI-NVID«MOxVS) x IX=UHI
0£650d49 \ 0YlI) S0D=0VY1D
0265)dY49 RN¥I) NIS=NYIS
0165)duo (nox (47Y) 502/ (gTY) RIS) NXIV=DVI
00650349 ” S00= mu
06860449 NIS=

08850439 (vo! gm-qvmouxam-quum Nz<9<n=
0£85)dyY9 28/21TV= mqq
09952339 TxxDVA/ZQH9L 1 0L “»x04u/a0T=Xd
¢S863dY9 ada/1o3xX=a1 m

T TR T ST T A e e e e

12¢6.




TN W R oy

N N T T T O PSP PR ¢

*dST¥d °=1S31 .ammaq.aw.au 4T
€L °S*HILUA/IU*dIA/dRIL=¥
dWIT-TOX=dNal
GiL 01 09 Ammam.aoz. d1
266 01 09 (L-03°NII) JdI
cxxkpxkkk HONINIH TTAVLIAIDOV NVHI SSIT Ad0TS JAYND IJIT ¥O0d ISIAL #%**D
2333332231333 3133333233332t 333133+2232323232 232222233 % ************GM*MMM*HM%***_' J
+ =N1T
VAWTIQ+VAANYTI=VQIRVT LLE
HIG+4SLI=GLL
14 .s..an.AoONo.o\mazaawmma a1
S = Hla G°°I19° ("01L/HIA) Sd¥) AT BSH
VI TIVA+ITTIV=8TTV
R/NanId=vaIvd
888 0L 09 A>m=.awz. dI
uwu*mangn\.44Wm*mamnnmqma*ma<c =YARW'1a
D9I+JUxHITVIA/ (N TIAxTVA-VTIAxTHG) =HIA
g8 01 09 (¥dTv}! dI
woa*uuu*qmn\AwA<*mmanauuugm =XANTd
(d0T~"1) *D9I »JUxHIPA/ {JaVx0¥YG-TDX~-TH) =HIA
TVAxHI¥A-BIVAxTEA=HITIVEA
Ja¥48Va-OV-4V=¥T3d
ddV»g¥0-08X-9¥=4"130 S
Jd/38v=44%
Jgv+siLd=Sid

(VaR10°00Z0°0xH°) NO
(HLa’ "0

(133) sodxstda - {13d) NISxSLVA = JAY

. ((I133) RIS *S190+ ,wavmcU4m_<n.-m-4 = m*q
szoxmmm+ ( 0°1 1

* HORI#x S»¥T)/ (Z#»¥Tx°9+ ¥Ax°B -"E)) *°09L1L/98xGLD )TNVIY = Idd
26 01 09 (1ALV-IOK*) 4I

wn.gma|ummn

*L-{NR*°8) /73s8- (- Z-0SOW) /0SS0 Wx* h=8Y]

-0=d4V

H+GUH=T4d

(OSNRx8h +€ ) xGEH=HIYT
€L CxUH=GHH
om:z*mw.¢n=.uwm
*Z/sdxMu=8H
~0m==*.w.AWmm+= \.-+Aom==u.w~\==*.auqua
OSNN%"ZL) /dSu+(0SNRx"€-"9) /AN*"9L=HIXQ
EL°GeSH=4SH LS
ok kR gk gk okk gk kokkkkkkkkkk SNOIILdD 0L ONIAI0DI¥ mmmym=¢MMm wwaww xkkR)
+NII=NII
gh?9) FLIHM
9G°9) AIINA
gn’9) FLIYUM
ANNIINOD 0O0LL
*NII) dI

[slvlelelelololelslelalelofololelelole lololololole [ololalolel ool lelalelololo Lo o [o lalele o Lol o o]
NV DNO =AM IO~ ONO™NMINO=DNO NN FNNO - ONO = NN N DO NO ™=
MMM P X I 22T 33 INDNNINDNNUININNO DA\ O O O [ S T IS O P S S D O W
D \D\OAD\DAD S \OAD\O \0 OO \D O\D \D WO \O \D O \DO\D \O\B WO A\D DD WO L0\ O \OO D WO WO\ O \D\D\O\O\D
COLVOO0COOOOLUOQOOLOVOLOOOLOOUQLOORLLOOLEOCOLOOOLOWVOOOOLVO0
B O O O A Q4 Bt 1y Ot (e Bt B4 B Qs B A B4 A B O A Q4 O Ol O A4 A Bt A Ay Ot 4 O D B Al B B By Bt B4 By Bt At 2 B Q4 B A0
0 g O 0% 0l 0 0 o 0% 0 195 0 0 55 (£ R g % (g 6 (s 9 O o Bk 05 et 5 g o (s s 15 g % 10 0% 0 18 0% 0 0 0 05 05 0
DOVLVLLLLLLVVLULLLVLLBLVLLLLLVLLLVLOLOVLLVLLLYLVLVLLLVLLVULLVLVLLLVLDVLOLLY

1S 0 09 (WITIXI“11

N P

127,




RN R

aayrsaa &I zJ3 40
******4§*************4*41*******Amw

Z0ST OL 0D

****i***t***********************
,l924= ¢d e
(o9f1=1" (I) 1 dnd) ‘0¥

L0GZ 0L D9
*AdY TUNId d0 XYVHWAS GRV
ko ok o ook ok ok oK o oK R ok Rk koK ok ok sk ok ok ok kK

ISAIN’y

*J¥NV "WUVH INI¥d ANV 3INGHOD

zGL o% 09 ((p)add

ik ot bt
ISd1

s0gqood
SH/gNXx%

ok ok

7o

g) 3l
3=s0d
r

8

]
d
I

hGL 0& 0D
ZHHQO

*I1° Amqacu

1dd‘1I=p LG} Od

*************1************mmwcmm>< LNI8d

{(ANODH QN¥-"L -0z {

“gN
(ANOOH guv

‘xx QN¥

e ] e Y T ] T e

o~
~
£
1
=
=

I) AX

=N

I)AY

D 1= D i PO 4
™l

HY MY~ ™~
f1O af] O 1D
B4
o
=

sl ™ wil @ o] > »

A

n R~ M NI
IR A0
3]
-
<
=

J148A
dH0oQ

*ﬂ**”***

(1

* ok Xk

gqvmmm.ag.mm.Aa‘m.aqvummH..Hvumm..vam.aﬁvm..H.HmmH

sk ok ok e o 3 3 ok ok Rk ek ok ok ko

a
S
& ¥k
9
9
9
£
P

OO O +0™H
4
3
(]
L.
o
=

L
}
L,
|
L
S

0

o o n wik NON o~
—O\O\O\ AW O 0

~+
[ 1Y} »
AE N T WA xOD M
S o gl B B B
s
&
=

-

51 03 09

++1 08" (9)SSARX) dI
vlIdg IVIZINI INI¥d
kkkkk ks kkkk D

HId=dlLgd

Lo

- N2
[To BT o]¥g)
Lol L

h09
£09

09
ent

206
sk xJ

L0S1L
J

agl

438

i0s¢
Sil
o)

Ja{xGYa-TOX=dRdl ZG6

(1656°9) FAIIUA

LS4 "LOKR®) dI

128.




00810 349
06L£0d¥9
08LL0d49
0LLLOAUD
09L£04d¥9
0GLE0dYHD
0hLL0dND
Q€L £0d¥D
02L£0d4D
OLLL)3YD
00LL0dHD
069£0d¥9
085£)d¥D
0L9£0d¥9
093£3dH9
069£)dy3
0h9£DduD
0€9£)duD
029£)d¥49
0L9L0d¥9
009£0 349
065L0d¥9
085.0d89
0L5L0d¥D
095£0d4D
0GSL0du9
0hGL0dHD
0€£GL)dUd
076L0d¥9
0LG£0dE9
005£0dud
06h£0d8D
08hL0d¥9
0LhLDA"D
09hL0dy¥d
0Gh£)duD
onhL0dud
0ENL)dYD
0Zn{pdEd
oLhZ0dud
00hL) d¥D
06££0d8D
0BELDAUD
0LELOdYD
09££04d¥S
0GEL) dFD
ONELOdYD
OEELOGHD
0Z€L0d8D

6969 CIL_09
L + €30 = 493 il
N
3
0% 09 —hmm&.nzc.>zouz.aOz..cz«.:HAaH.mq-zBH.czc..o.mz.zHA&wamH ih
*****i**’#&i***i******i**i***#*****************************Q**********
QIIVOIANI JI F8NAId0d8d Ly¥isay Ol 09
******&l&***************i**i****l%i***********************************

.:z.—un..Hzmmam..«.amm .”H-wmnm.“uvmmcmhumvemmm..o¢.¢. - TONAINOY bes
(

VLo

d114M
T'cang’vang’cang “zangaLang ISdq’nng "HN M) RWHUH TIYD
*0L71°+15d0/08L) LNIW=HN

(N .+HW@M0An

0 WRd 025
wmmz.-w

= O i

LI8M 906¢

w 09
KX) 41 mmmu

906Z 0L 09 (ANOOW -GNV -1 -03° (€)S
10dwod

ggdISIa 4T SAYOT ¥IV J0 SOINOWUVH ILNIdd ANY
*i**w*********************w*************#*******ﬂ*******«* sk 3k 3 ok ook ok ok k% D
R . te A IR .wmmz.—nz sANir)daans N’£)avoiz
“J nvwzm *J ) g0 (§40)To” (§ °0) BONRX " 2 eIy’ (§°1 mmmam. 4T avo1i
N*ryina’ (w*r)a> (K110 (RI =U<sd Az.Hvum (R xx) (24 w ALIUN €L
p)1sdar’ (1) 1sdI MP 9) AIIUM
IYISa1=d1Sd
. , . LTaN+I=C
ZLTAN'RIN’aN=I €L Od
1 TdR-1d¥=RTH
Zx1TdN=CL1d0
L~-dN=LTdN
F.P+Hmma\MHmam
86%9) EIIdM G0GZ

€25 0O
(ANOOH *aNV "~ "1 °03" (L) SSANWX

I
N
9
L
S
*

09
60GC 0% 99 d1 €0S1

wagrkakhrkian QIYISAQ 4T TVAWAINI QdIJID3dS IV ROTIIDIS VIVQA INIEd #xxx*D
***ii****i****ﬁi&l**i****{*****i**i**i*#***»** sk ok k% *****ﬂ* ko 2 ok Kok koo kK 0
.ﬁo {=I, (I Nmom Mmo_.mM JLIHM
. (9*1v=1" (1) 1L4nd v. (19L‘9 LIOM
Y Hx memsmuuMH zdnd 006
¥H# (1) Edpg-=11) Ldnd
9%1=I 006 04
YH*0V¥ =0V
Aq.mm=m~sm=m.mm=m.~m=m.-ham.ca.Hmma.Nu.w.zv JEVH TT¥D
ﬂ-om.m* 11NN
(869 LIUN
(L+1)25=11)2D 206
N1=I 206 00 £0SZ
mom— ol 09
€062 01 09 (ANOJDH"QNY* "L "0a* (4)SSdNX} JI T0SL

129.




06280449 .\n.<a¢n.ma«g ..w m LHE) IVREOL €L
08280449 ._N o—m £° mmw Xs*’ N 0L3’E°8d9°XZ v LA}/ d3dMs T
0L280du9(RI/dT)T InHd HOVR YHATVY mmuam (NIL
09283449/d1) T, IHd . 19 HOV¥R VHATY X mw- IYRIOI 2L
06280 dY¥d (s233993q mm ny = Hmmmoxaamuwﬁuua 6 I = ﬂmm IvWdod L[
0hZ80d49 0°Ld6’0°631) /70°L P NH I¥NE0d 69
0£2804d99 {LHL aczﬂom 86
02280dud ve s (x1
OLZB80dU9HL)BE XS "A9HFIANDD ION dId NOIILVAILI HOLVHHZE' xm .*m vmm.om—wanzmom 95
00Z280dH9 (xHLY 6LL’OHL) IYRUQI 8%
06480499 Bl
08182d89°8d = VHAIV INdANY - - - 33IS3n03¥ N3dg SVH NOIIdOo VHAT Jommmvaﬁzmom 6€
0L180449 , 2 8d=dONVidZ
09180449701 wmmomm—nm Z°6d=3ONVHITOL I4IT H9L//€I= LINIT zOHaaw I _HOLUYKHIL
ompmommwmﬁa QVEQ QIYIN03¥HGLAB Z°6d= 1417} a 100 m H91 IYHY0d Q€
oOnL80dHS *Hl N: um mumu»z@u JoN did qummgqmmmm *Hl e HiL///7} TYRI0L hE
0€L 8D dY9 ARIHADS NOTIVIIZI JLUOHS wzuma:mm X99 IVREO0d G2
02180449 d0oLS 9999
0LLBDdH¥D (L00G*9) agIun
00182449 000L O 09 .c.mu.nzmx dI
06080449 0002 0% 09 (- 03-GN3IX) 31
080802449 0 = dgar
0£080d49 0 = X0f 0006
09080 dUDx sk skak s o dcodok ok ok ok o sk ok o ool o ok o ok ok o o ok o o sk Ko R K ok oK ok ok Kk ok kD
0S083d¥9 “4IIANN 9AN KNV 4 LON 66 °D201 J1 dSYD IXAN OF 09 3
osomummw****uaiﬁﬁnﬁﬁﬁﬁ*f********aﬁeriﬁ*******4444*4*********¢**»*u w********** 2
0EDBDJYD (608 9) aLTuM
02080d¥9 oL ol 09 (gi°31°gar) dI
0L080dYD tzHazou oLLeL
00680d¥9 og/sia=3qav
066£)dY9 Mmzmu w\“ VxZRE-LHYxZSLY} x I8 = SIV
086L2d3D ZRd- / GxCHd-LHd%ZS19) » D91 = Si€
04612499 S8 = Zsid
096£)d¥D Rd = ZHd
066L)349 W9 = ZWH
oh6L)duo SIV = ZSIV L0
0£64)dY¥Y9 oLLL O& 09
0Z6L)ddd Adm*poo R m—mw * D9 = sld
0L6L3duS HY%9000°- SLY) x D91 = SL¥
006L)d449 Hd = LRI
068L0d449 RE = LHE
088L2dy9 sig = 1LSid
0(8L0d49 SIY = wm—g
098L)d49 LOLL OL 05 »F *I9° NIIRONW) J1
068L0d89 + =wunonu=amzo=
ongL)dyo 0LLL O1 09 . 0 °0d° WIdL) dI
0£8L04YD 3k ook ook ko dkok kR ok ko ok ok sk kR ok ok ke ok kR ok k Rk kk k% Ak OTILAO azw=0z %k %D
028L0dH9 000G 0% 09 (0°I9°i0r) JI 6969
0L8L0d¥9 I = 10C LL

el - Gk e

LRt .




OO0 OOROOOROOCOCOROCCOOCOOROOOOOROROCO0OODD
OrEANMINOONQ=NMTUNOMDNO ™ NTITIOMN ONQ ™= NM PO DNO =N N DD
MMM MMMMEAM S 3 22 23 P 2 X 3T OO0 OO OO \DAO O D = [~ [ o e (o
00 00 90 G0 O €0 99 A0 € 90 4D K A0 G0 TO 4 K0 G0 60 €0 0 TV & 40 G T §0 9 €0 0 G0 60 TV G0 0 0 O AW A GO TG W W T 0 V0
=L L e L e L e o L LR e e s LR e L T L S e L L L s L e L e e ot = L= e e To = D= T L= )
B 4 Oy B O O O Qe Oy B4 g R4 Bl Oy O B Qg By B O O Bl B B Bg A Qs Ot Pt By Ot s B By B O Ot Oy Bt O Oy (24 Ot Ot Bt B By Pt

£ 0 G A 0 s o A 6 A 0 g A Ak 0 0 0 0 0 9 A 6 O 60 6 A 0 e % €0 B 0 5 106 (G 1 6 s % S s % £ 0 K 1 5
LUVVLULLYLLLLVUBLVLVLVLLLLLLVLLLLLLLVLLLLLLLLLLBLLOLLLLGY
Zidd B4 ) = © O * [Y N * R QLN )
QEM M~ o M~ *® i > WN A4 Y fe22-=JN i b
e @ m # = - bd [Ta Y (=) e = QO a®
NEN = =T Y o & @ ~- a NE ~ 3 v MX e
HOs ® © «@ " e ) ol N e HOVN D
. D B4 M m e @ Q ~N NN W Een
HETe W [To T - - -] =om g o] ¥ W W wo e O wm
QO . Mm [N A @M Py [aa} AN @ M O o fubdd
- o™ @™ & = - X - 4 wm = X Y- L - To]
B w0 . [ e | . | e TN (=)} == N N E Aad 2R N1
LHE ™. HN = = e Ed o - N M N —Eo I\
a2l - . - - My D N X A ™ = NN Mo NN
6wy By QB % MM O L =g} e - v o
By =M b= wn n - N ey o o] T - | = [N~ 1. o)
=moa |l N - Qo am ™ ™ Il *% =« m I D
= - =2} @® - oM - >4 [ T~ = -1 zY oom
Ry ot - - . v # IO <N Q HO™ N N O Wy
RUQ o - o= m S oS ™o ~ NN = NN N -
~/ 2] a K e H ™SO ™0 A O N N NN A -
e+ M - M M, o m * oy S HO = - N# o
- =z m O & e M 1=3) < ) e T O T = = DO .
Fad a1 B ol [ o (3 = B (N NN @ m nOLD Q =i
=20E M Il ©n -] A @M N At X W o= aAam
»EEH N D [Te] [<3] - m SONEW | o N LEO »

(=T -] L] . -~ D -] TN = a0 . M e NO™ o -
Ly 7 m o O o NN N HW=ntd N O f okt V-1--1 4
—~CEQE - ~ o = Pt PG ne » 1 ™ N~ O
~X0OK > > % . @ e Aoy Mo om WO A w WD
MERS & (=T R I -] - i - LD ™~ = @m O apr=m || &

J=J-: x U &E &= WO o (] o ———NTO 2 T W oefd . —
oum B e -~ =M X m—Sd TR NN Fetoue &Y
- o 0 < M TN = U] M Rk = Lok itk ool I o |
X = < B = BV o} = M O oos NP4 # NN P O G 1 Py 2 0 0%
QXO> un v - - 23] S T - CNONANIND Ne™ v~ = LUl segiD
Qe - ® ™ m Ll e sffHL N N =X i =HND

ofd WAl TN N & . m 2 - HAAEQNEE ) - M i} HED ey

mMNE D oM O ™~ Ok v AUAHTIEOMN .~ L I i D e

—~ Y n e 6 on e . U~ Lad ol ad TF TR T T NI o) BN NME
N\—n 1 @ e o e 54 A e Vo > = O\ Mo
b 1 g he De=m M DN . WNHOEITNHAN NN i .
o SOTE KBy 3 R e I e M wdd e DOl = - [2]e I-=17)]
aNJH O o U A e WO s & O~ ] Oy ™ e * N Nax
B e Z il e B~ NOM=D BORIO @ Mm [aT=F Reof 1 2= L o
<M < oy ™ @ ™M «OE I ZOOROQOLU m DURO Ry D™=
Q el o % OH » m|ifym & ox:m . - «@MO* o N QOmMP™ () =
(-2 ]--T- . ¢ (<% M D =HAO otD D Lol DO wd@iNmMm
e U] ety Wl ) Qv oM i M oew e~ D mat N QO & o
-y QEIRIMED o RMM & @ O B NUTaR ) - et ™
0O 2% 0 b=t b py 0] M- H M m Neeer ARENXENENO © S~ W Qe
nerQ&e- @ ] QO U O w0 2O wNTmel o oo WE@ M
s WNAMMDHIE © I~ AZENN L1 ™~ e e T GO D X O %D e n
DMNTie 5 O = QNeg Dol & =B sVl O HTO=OHl o OFOOM I
M - vz - - w4 > DaNeewn 1] ™ T Dy s - B L ~ VI
O WHA$MUIM I A Rebddn O~ _d D> O M ot~ O - 3m -
NN NDANOU  AnNm  Seone  BIERY oot oF o S wdd S D [=) -0y -

Y ADNCOID WD O N

ORmMm O O

N TR~

™ e OO OO REDS A OMUeETTNDNT MO O O "HOD O
LA E N N0 = N Om AL TmEr NN NN\~ o1 P -~ -]
e D N\ [ ok o T N O OB = e N (3 o—fiy I e
ey Sy () Sy O e ] e v e, JON S et g S, @ erp e &
HNEHEHO e AP P E OB ENOEAHT A BB OEEHE Bt sHE X e
ottt - I fasd! o wm(Walal i AP A Z e B] 1l T L O = O
LEE oTx | OENY ESED.YNaEY « +EXONTDOT AN FrTemn Ok, o
X4 0 0 5 b=4\O [} N O N RS RO S S DT O G S NI A I e S R EAMSE NUBT s IS
CQO=TFrOX & O8O0 OMOOCCOMOO~NOOOOOUOOMNOIONOO#* N Ol ™~
el I N L TR ot T TS [ A e A P L A A A A A A PN AT W L AT
UM NS - e e - - [ le)] -— -N - - ~~Nm ~0en
- N = O /A N~ IO~ Mo - N o -
TOO o DA N mMm M MmN XX WO (Y= 2RV Ve [, o] ®
r~rm~o — oy ey Ladand ol ol S ol ] - - e -
Lo
131.

i

i

b

b oA

TN AT PRI IR | SIS 2T




[elslalalololelolo ol ol Tl lala (el lolololelalalalolelalololalalallolalalat ol e T o Yol - Te = Ta = = ]
RO ANMNINOMONO=ONM PN ONO NN INOONONM INO M ONO™ NN DM
~ONVDRVIDRVRXNNTNNONONNOQOLOOOCOUO T I e e v NI NN
DDVRDDROBVDDRDMVDROVOODBDNANANNCNOIANNNPNNTANNRNONNON
OO QLEOVLVOLWLULWLOOLOODOLLOLLOOOODLVLOWOLOWLOOOLD
0404 Ay Ot O O O34 O O (g O 4 Bt B4 B Bt B4 Ce B B4 Qe B4 4 Oy Gt Bt Bt 124 014 O R4 Ot P 4 QB Q1 0 O O O B4 4 By Oy A B4 R Ot

O A A Q) 1 O % (e 0 o 0 00 0% 0 (100 (0 ¢ () (0 (0% XS s S 1 o G O g G e s 0 s s £ £ (5 S IS
VLUV VYLULLVLLLVLVLVLOLVLVOVLLOLLVLLLVTLLLLVLLBLLLLLLLLLLLY
e | wQ (2 0 e O » .

=D e [~ <] tn OKO Q
oMKy Nk o) [==] — Z IR e B
Mat wO NN Q e M X n=

X B e o O o WamdXd NO& 0 D M M M
MmA RO & mad (@ ] O ZU= Qo o O @

s NOQUO (LI =] N =i M # ™ = ™ -
b o v Q4 0 W2 iy Bl o« 2D ~C
i ¢ % O oo QAOM t~uaiHM B
PO Oty O o] (-] Mg » e A

~ = - N N =N XY m

B> & I M (J S ¢ me A @ o4\, =

- - MIMOOME & OUONTD ¢« 2

ND AN >d NO™mtNk« A o+t LB @OEHEN O

e T ~ N™ - » EIOXE > Aplkix

oIl w [~ M=y N NN Bz «O N T
AIMEIST0 b S ™~ B ™\ @ Qq O o= O
QNS m n Qaon AN T %

WNFER w8 NN m EeD LB N\ NN
ON S ™0 ™ NN\ M DN [ HTr enCNeUn
NSd =iz = T O W O A MO NI N NN
awXmkl &7 v QL NN V1 ™M «IRQET™ NEhd B @ @ fK
NZEeh o Il mm a2l (4] Wl DB N NMO X X o o
IO s wlll w 1. | ;o D MO [y R Q) enl) o~
NOMM m [ bd Q ™ LI O wCRIOE ;O = = =
e o« s A epmi FiEtm ('] [/p] » MDD ORI = ] e

w| e Lt = I -T1 PN O NNO 8% =T~ To - ~ - - B - - o
K- e DR (3 [- AT - NN ORI w O Y D On
Wby IS Yox « &8 m @ %) BBt == eml)
- » oflI0N nf- > A I RN o+ (SISO 5 5] el 20 5¢ ]

o D s moe™~ |- V1T B 75 T L e o NI T N SHED OO N
mm oM A o s UM Hoandn mbe w8 s\ SN e

X od K Q™ & W (o'} ~ e =UIZP M cANMNNMLN
e O aoNNe P LI - ~] - B ™ a - o . CEE B o5
Ll ot Lol --[ O S Q O oI~ —reidd 07 ¢SO0 B B0 VI L0 s O
M NEARNSIOO & - o Py TN e i DD MIE [t T N e - T
s e\ ale e o — I o oh MU AROMIRICINQIAHS
e Sm e || = B\ fr By b~ . afy b "= e D ExXxe ~ 2% ~ = o
Lt T N ] =~ B ]Ts) © wiid Py Bd el edd MO o5 X
RO ADd OEE ~ o [ wal hadad - Hu BRI E |- =B < B < I o]
Bl «Ohed (RTRETE » N Bk Wk BN - O EIRL zZ T = = =
IR e QIR ] g SO BN o~ @ TR ADITIEAO v~ = o~ -
C EDNORUORZ ™~ ¢ Treemat B . et - 0
B ONONASNOQEIDIRIQME™ i o9 A o AP WO T M 2 M b
RMEvrrRmget RO RN ™M= m ] Py HMDER «UOMOa O O O O
NO & O AEONT\Wafd v DI [} EREN O EN X - - - -
O3 5 54 O By e BNDZOexRO00 ~0 ONEE sNEORYI BRI ™) ™ M ea™
QO oOTAM -] OOHd gy R M T || EEROHD o oD e e
TE e\ & DORNEFRIOSRAO « O Bid OO ZTHUNEN VDTN
LW TSIV Bl E N My - M QO S ONZE QG P Ty STy Sz,
NEHQHIING o »HO O NRENMO ™~ OO Wvhd =y | OV T =Tl
el Z A0 EMM U N NN e N D e~ i ey QRiMMHN\EAMRIER K T
D R] & D o . EVINEHNOHS aNNOY O w=IE | JANAXORE = =
HMIOORMMOT™= NN A L - INEE M + « TAM U SONNAMTZORAY © W O# -
Ny A DDXMNEROEHMO O 05 O i) NN e~ e e~ <©
e s v OO QMoo - N s N MEIGIMNer S bd D S s
S w SO N FVTOOXTMTe O I o D S O N N Ny un
WmnEmx nnrk-_ smee o N EHID o LNTDOEMSOfue = = e
- w0 (31 ] L= el o8 Laak ot X o O@m = M s (ORI N #* ¥ ]
- e m ] w e U) g XY ORle- g ad ~Qmnem [ b R T
EHUIMII MU MR RO B B 4 B BB Fa U} wOE ™M PO SN Bt ON Bt St B rd Bt fnd £t B Bt £
O O e D) 0300 o ! ] o < o el ] fl MU g (22} NPT oo wat] “at (/) 7 0 At T ol o
EZe v NNaEEnIRnIOnT HOE - - T OEXE NAEAERNER
D™ w e IR Mol AR i Bl o g NSO EG T ARG
QOMrM Qbu +LNNe OOOCOQO0O N O 2 E N ORMIIO OMOMOMOMOO
By » ofafoy mE TN Py g By R §2a P fry fry LTI N -] QO N vl D e o e e oy e fog oy
~—OMyr =AM NI =ONMIINOMONE ™ e = o~
o o~ QN> [l «® - o W~ D 0
@D [++} OOOOOUNVD [er} ™ (N N N N OO
- - ANNNNNO O N 3] NN N NN NN

oNON

132,

P e

s L e

PRy

P T VL P PRV S PN T . XV PR

cielkie

ta

b tedu a2l o

o

-



09.69d89 (z'r’an) 1=20 4
06L63d49 it 0l 09
onL60du9 moanzou t
0£L6)dYD z’z’y (z-(z,c'dn) 1) a1
0CcL60d389 Qeiz = 'y od §
0160489 S’s’0) f(2 t’daN) 1-Z} JI
00LE0 dYD ervn s MIR‘aEN) I NOISNAWId
06960489 (T*ZX XN/ H/’GAN’AN’ L) HNITQ INITInO¥AAS
08960 d YD 33k sk o sk ok ak 3k e ok s 40 0ok 3 o o ook ok oKk o o 2k bk ok ok e o o ok s ko ook ok o ok ok ok ok ok ok ok sk ROk sk ok ok ok akokk ek sk o
04960499 aN3
09960349 NE0L3E §
05960449 (ONISSIR SI INNOD QHOMHIZ’XZTS ‘QHL)IVR¥Od 8
01960489 , i8f9) dITsM L
0€960dd9 9°.°G (RDAN)JAI
02960449 1+20T1=00T
0t963d449 (1)3=1(307) IndRD
060960dY9 £?1L=1I % _od
06560dH9 J0IN=0T, {0;3N"D0TIN) JT
08560449 . ﬂwp.cmmm wI‘ZI’XL) IVHEOL 3
04560499 (e*1=1*(1)D) “D0IN’UNNR , (E ww JILI9M
09660 d¥9 {(WONN) SQY I=D
06560449 opxaazzunpzz .m.au.qszz a1
0hG6)du9 , , ow“c.m—¢m~=H.mH I¥NHOI 1
0£560d49 (521=1’(1)3) 001N "HOYN w.mva<mm 9
02562449 (// 9NIISIT G¥V¥D INANIHGL LHL) IVRYOd Z
01563349 (z’9) 3LIum
00560449 (G)3!(c) IndNn NOISNAWIQ
06060339 {IndNn) 43IGVOT IANIInO¥ENS
08060449 ; . .mzm
0Lh60duD (4 ¥YHATY IH=G ‘VHJIV 0T=n °HQUR IH=¢ [HOVW 0F=T ‘R 1408d ON=L 4°// ¢
09160449 e rune s LILY XS LI XG ZAI N LA LT e qLAT XL /T
05h60d¥9 GOPZ’X0L’ TDHT XOL® TSAHE’ X9, °“VIS IdVTd HCL INGWOISHL X “AZL
Ohh60dYOHEN’ X8’ “ON HOVRHB XL’ VITUHH’XE/ RITAQNd A0 FUNLVNHLL «ww IYWNYOI €788
0ER60dY9 (,¥1Va 8¥dS HIIM HETH0H¥d dNNO00T 4D HO 7/ QNY 1D XL ,//) LYH¥Od CC88
0Zh6)du9 A.qﬁcn 20v¥Ig HIIM HWITEOHd 4NM00T 4D ¥0 / ANY ID.’X1‘//) TYREOd 188
0Lw60dY49 SNOTIIVINDIVD FONVREQJEId ¥OIO¥ AAZITVHINID ONILHLK) I¥WEOd L00S
00h60dYUD (9°01dZ 6GZZ INIWAIVIS °ANDD YAEWVT mwuz mqmsomaomow IVWHOd 009l
06£6)d49 €I°ON_ASVO0H6) JLYR¥OA OLOL
. 0BE604YU9 ((ZNV WA, gsvo wxmz ol 02
0L£60d999 TIIK -- GIIVIOIA NIIA SYH JonmaHmu TIVIS "HL9// (HL 2 4d waa«» it
owmmcmmuamnammuwv ROWINIW RYHI SSTT =mm 2°9d) 3d0TIS FAuN amaqo:&- awzmom LS6
06£60dY9 /"> 3 (1Sd#2) NIS»ZH+ (ISdxZ) S0OxZV¥+ {ISd) NISx|H+ Hmm SOD% }
cammommu-4+oa = ZOH99XLZ//ZD IVHOISNANIA 30 SISXTUNV UHzozmdmmmmew JYRE0d L06
0EE60dID SANIL 6L NVHBI d80N QdTIVD ZNOLd FNIIAOHENSHWHX6LQHL) JIYREOI 808
0Z£E60d499 HL) IVREOJ S8G
oLe60438 | b pue s {(£°S14S) /OTIVYHG XLL Y THAHE |
00E6)dHOXELDHL ‘XL *HL XL "VHL XO0L//L L 1T = QVHSXS mHzOHacamoww \\waanmom zzs
06260389 (savo1 ¥4Iv¥ 0 muuzOzmqmmmmanm\\ -mw JVHE0d 616
0BZ63d¥9 9°HLdG) IVRHOA Z0S

%ﬁ,r»ﬁ PRI TR




OQOCOOONOVOOVCOOOOVLOLROLOLOOCOCOOQCOTOLOOOOCOO0COCOR
SONOC=NMAINVIB OO NN NV ORONM PO ONO™ANM IO O™ NM TN
=~ ROV RVVDOONNAOAONNNNOCOCOOCOOOU M T e e (NN
RN ANDIN NN AN TANNNNRNNNOOO0LQOOOVOVOVOOCOROQOOOLO00
WOOOCWLONOOOWLWOOLOWI WO WO =P 1o 0= 1 1 o (0 7 0 1o T g I 1 e o O e e -
O 04 R B 5404 B 04 0 By QL4 O By B4 B Bt 0 B Rt D Bt Pt B R B4 Bt B4 P 4 B4 B4 B B4 R 4 Al 0 0y Pt R B O B Bt By Al B B B
O s 3 0% g 1 % % g O % A £ o o 8 0% 1t 5 5 9 s 6 4 s Ak R Pk A g PG ok (5 5 s A 0k g 0 3 % 0
PDOVOLLLPVDVOVBLOLCILOL wuwuwwuuwwwwwwg VULVOLVLLOLBOLLVLY

*
*
*
*
*
*
*
*
<%
*
*
Dot P »
j—3—] »
DI *
ox ®* -
* o
+* + *
* »
L L) * =
* B
% v
* G~
g 0 LA
=11 ] ®* - w
NN % T
=1 * Qv
e * aw
* DO
LA PN LB
(3] * ME~
e $3] * et
o la] *
3§ * s
[=1 LA=PF
=12l #* e
—t % W
[ * |
+* *» o
S b *
[va] [ =1 P #* =l = o
- @ NNN L P -
o~ (o)} hd (=] * - ~N (=]
- r ® © hatned L e ko - =
-~ [N o~ » [} * W) (=] -
- = e 0 SN *D - - [Ty
(o) . - [ * - » (=} [ag]
e ™ * - - L. o 0 ~
- - O ey * - S o
* oo e~ g, 4 (7) [} -—t 12 * = [vo] (=] =
— e Ll e Lol IR SIS el el e DI N *E - . 4]
o~ NN o~ ] | N LR * 0 - . N - -
N & ay bbbt ) » » e -~ * Qe [Te] [} [=3]
- P n e W) e UL * O = N -] e
e W MR v e Lr Lo 1o Lo} <>} * =N - [y 1)
| =N a2 o Ll s L) & & % e B # M e NN A
W= IS Mmoo | = - MEOME = | * ZZT N
WY QAo 2 2 1 1) 0 A s e * O™ NEN® I
M s ZDee e ool T DD e et ] D & X |-t 11
M EHEEED | e BN ZE E E 2 E #DMEDNIXNX
et O N RN O N NN R NEMG N kO ZZ ekt =
Fet V) S B DG B Do Bt A0 Sy B B D D D D D DD D @A) N~
1} B~ Z DO = DD WU~ O#*ME W EwQ
NI H QPO ONNNN I O OO DINNEIY Db o] B ] I S g DD T DG o ead o e
AZFANOODDODDR QL ORI A A DRI 54 ] 7 0 06 1od (Gl O e TR QAT D o B SO
*
~ m [« BV ] * [Te] <
»* - ™
= @® Q = (N M * [o o] ]
- - e - -
o

Itk it

D . T '1varfw*r~vﬁu!-'—'—lw—-.‘/m»w,( A Y, A BN S 1




peryife

(~lel—lelolelelelslalolelalololelolalolalallol e leloTalol ol lwlaelo ol lolo Lo [o do Lo T Lo Jo To LT |
WO ANMINOONADTNMPNOORO=ANMINNOONO =N IO DNO ~NMy
ANNNANME MMM MMM S P P ST 3 NN \O O\ O OO A\D OO T = S I
[elelolelolaTallotolelelolelolelalelelelelolelelele e lo belod w lal—]wl—lelelelolol-lola el Lo (o Lol
T 0 P e e e P i D e e e T T S S e T e e T T P T T T P P e e e T T T T O T e S P e e e
Q4 QB D4 B0 O By B Q4 B By Bt Ry By P O B4 B4 B4 4 B Rt Qg Rt Bt Bt (Bt Ot @Bt O QL By B4 04 Bt Q0 B Qe 1 Bl A By B0 O Qe D Qs B
0% 0} g 0 A Qg At A O A ) gk o s % % g ke 0 103 0 (0 (% (3t s R g 15 ) 0% s 07 5 0 3% (8 s (5 g R G £ R
VVLVVLVLVVLLVVLUVLLVLLVLVLOLULLLLLLVLLLLLLVLVLULOVLOLVLLLLYL

- -
~
S —
L EEA
2l
* A
l-472]
-— O
o . ™
! = - % #*
wnwn [ and *
= [~ ] ) »* o
hand anRn ‘
»* - s~ «M A - [T~]
» e MM bt ]l [+ N
M TN W N+ m (=) [=A] [+, =)
PN ) nNE e g QN L Ta]
(=T H O <t + - o -
[ HOWN QOO EHE ~ Q= o >
@ Al 3] o 1 @B o~ o N0 L o=
{¥e) - R Rufry N (o) OV i X .
(Mo oy - = » - N o4 O Q -—m
(o] - — (= P S 1= * nd Tl b L4} e
£ iy 4 Sl OO <N <o @ N\ o~ +
- [y S~ . s — o [V =) -
o +N €4 ) DN OO % # T I oy — T e o
4 —t 00 * = = Z~ ZUNN e M) T e
M, MO WD e v e, - Sy, o e ™ oD Q2 QD -
-~ - el - - Ll Lr L] L g ot PN - ONO D ™ o« e
™~ TFOOrXK iy VD s, s, T [ (] ° QO™
NG 0 9 OO QO-mRnIIMRNIlH<CdEEiihg |~ o W -
| OO mdm (Il N 0 sl (NEI o g oy o = @HO [P ST
N o o0 M AANO | | SANVIAID ~ARIF N SIS Al
&I ol =) mOON =-\0 - [ - "D NarhD D
-4 K] O w |y =TH O U NHNQ D WEO =) O
Lol e, Q o Oy (=] [« =~ O=2OUVHNLO-OOHDM rmmm
(IR ol Vol ok o [N o N U [ < RGN o -~ i T ey T B QDB B N
& ;Eggfﬁoooo EEOHHEEDBEOHEEBESB"ONHgOhi;b:gONz;hH
- L2 =
&N e @ anaadcgmmnma¢mndmnham4m LOAHVLUAHE O U QAR
- (=
wn (] n o QO un ann o
Mo QO O (= [ T 2 M - une r~
= WV O~ o)) - - - - - -

135,

"

oy s

e ok e o e a2 et vt

PR R

s e

e e R,

iz

. B

fs



COQOVUOOoCO
NOONO ™M
BSOS~ O®DD
QOO0 OOQ
Lt et mbant md ol od
QR 0404 ARy By
8305 05 00 o o o g
LOovVVLLLLL

2847%%

14
-

IGN (PI /2.
HI(j) {459

ey
o
oy
-

e e -

GO TO
190 PHIS

180

PHY
RE
LL
RETU
END

200 L1L
210

1386,

i

T R

TR




St s I D

LIST OF REFPERENCES

United Aircraft Research Labortories Report R-0725-3, A
- e
g%ggégﬁ, %y :e%son g. iemp, h;:;. é
Gessow, A. and _Myers, G. le;ndxaamiﬂsgggi__lha
Helicopter, Frederick’ Ungar Puﬁllshlng Co., 1 .
Sikorsky Aircraft Report 50355 ﬁene:al%zedwgggig:
Rerformance Method, by W. H. Gerdee, September .

and Development Laborator'

Army Air Mobilit Research
Report TR-74-10A, RQ

Brgmvelli A.R.S., Helicopter Dynamics, John Wiley and
ons, .

137, )

e R e

wetcll

b it



INITIAL DISTRIBUTION LIST

Defense Documentation Center
Cameron Station .
Alexandria, Virginia 22314

Librar;, Code 0142
Naval ostgraduate,School
Monterey, California 93940

Department Chairman, Code 67
Department of Aeronautics
Naval Postqraduate School
Monterey, California 93940

Professor L.V. Schmidt, Code 67SX
Department of Aeronautics
Naval Postgraﬁuate_School
Monterey, California 93940

Professor M.P. Platzer, Code 67PL
Department of Reromnautics
Naval Postgraduate School
Monterey, California 93940

Commanding Officer

Attn: Mr. George Unger, AIR-530132B
Naval Air System Compand

Washington, D.C. 20361

Lt James W, Loiselle, USN
2512 Granada Circie )
Spring Valley, California 92077

No.

- oples




