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Summary

The following report gives the reader an overview of instructions on the prope_ use of the National
RenewableEnergy Laboratory (formerly the Solar Energy Research Institute, or S._ERI)Teetering R_..otor
Analysis Program (STRAP version 2.20). STRAP is a derivative of the F_orceand Loads A.._nalysis
Program (FLAP). lt is intended as a tool for prediction of rotor and blade loads and response for only
two-bladed teetering hub wind turbines. The effects of delta-3, undersling, hub mass, and wind turbulence
are accounted for.

The objectives of the report are to give an overview of the code and also show the methods of data input
and correct code execution steps in order to model an example two-bladed teetering hub turbine. A lm'ge
portion of the discussion (Sections 6.0, 7.0, and 8.0) is devoted to the subject of inputting and running
the code for wind turbulence effects. The ability to include turbulent wind effects is perhaps the biggest
change in the code since the release of FLAP version 2.01 in 1988.

This report is intended to be a user's guide, lt does not contain a theoretical discussion on equations of
motion, assumptions, underlying theory, etc. lt is intended to be used in conjunction with Wright, Buhl,
and Thresher (1988).

Hopefully, this report will assist new users in the understanding of code input preparation and correct code
execution.
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Nomenclature

A Teeter hinge point (Figure 2-2)

C Teeter damping (ft-lb-s/rad)

C D Drag coefficient

CL Lift coefficient

deg Degrees

ft Feet

m Meters

Mhub Concentrated hub mass 0b-s2/ft)

d Location of the hub center of gravity relative to point of blades' intersection. (see
Figure 2-2) (ft)

u Location of the teeter pin (ft) (see Figure 2-2)

Ko Teeter hinge stiffness (ft-lb/rad)

K 1 Stiffness of first teeter stop (ft-lb/rad) (see Figure 3-2)

K2 Stiffness of second teeter hard-stop (ft-lb/rad) (see Figure 3-2)

rad Radians

B1 Angle of teeter at which blade hits first teeter stop (deg) (see Figure 3-2)

, 132 Angle of teeter at which blade hits second hard stop (deg) (s_e Figure 3-2)

_5-3 delta-3 hinge angle (see Figure 3-1) (deg)

., f2 Rotor iotation rate (RPM)
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1.0 Introduction

The following report is intended to be a guide for the correct use of the National Renewable Energy
Laboratory (NREL) (formerly S_ERI)T...eeteringR...otorAnalysis _Program(STRAP), STRAP is a derivative
of the F_orceand L_oadsAnalysis Program (FLAP). The original equations of motion that formed the basis
for FLAP (version 2,01) have been reformulated to correctly predict loads and response for two-bladed
teetering hub rotors.

The code accounts for such effects as delta-3, undersling, hub mass, and wind turbulence. Degrees of
freedom include rotor teeter and three-blade elastic flap modes, A prescribed time-dependent sinusoidal
yaw function can be input to the code.

The report gives a general overview of the code, A description of new input variables (compared to FLAP
version 2.01 of 1988) is given, Then, an example of a two-bladed teetering hub wind turbine is described.
Preparation of the basic data input file for this two-bladed turbine is described. Then, the methods of
turbulent wind input preparation and input of turbulence to STRAP are explained. Finally, an interactive
tam session for both modules is illustrated. Code listings and output results are contained in the
appendices.
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2.0 Code Overview

STRAP analyzes two-bladed teetering hub rotors. It predicts blade and low-speed shaft loads that result
from such effects as gravity, windshear, tower shadow, and turbulent wind fluctuations.

Degrees of freedom included in this model are rotor teeter and three elastic flap modes, as seen in
Figure 2-1. Blade torsion and edgewise degrees of freedom are not included, The tower top is assumed
to be fixed in space, The model assumes constant rotor speed. Although machine yaw is not considered
to be a degree of fl'eedom, a prescribed time-dependent sinusoidal yaw motion can be input to the code.

STRAP is basically a derivative of FLAP (Wright, Buhl, and Thresher, 1988). Equations of motion have
been reformulated to model the type of rotor shown in Figure 2-2, This rotor consists of two blades
coupled together by a teetering hinge (at point A), The hinge may be skewed at an angle, 8-3. The
teetering hinge may also be located a distance u (ft) downwind of the blades' apex point (0),

J The total rotor mass may consists of two parts: (1) that part modeled as distributed mass of each blade
and (2) that part due to the hub, not included as blade distributed mass. A description of blade mass input
will be given in Section 3.0 on code input. In order to model the second part, the user can input a con-
centrated hub mass (Mhub - lb-s2/ft) located a distance d (ft) downwind of point 0. This point locates the
hub center of gravity location (just the hub, with the two blades removed at the root). The blade tip
masses shown in Figure 2-2 are modeled in STRAP by adding extra distributed blade mass to the last 2 fl
of blade span. Provisions for blade concentrated point masses are not included in STRAP.

The model also includes the effects of teeter springs and dampers. Teeter stop impacts can be modeled
by appropriate choice of the spring stiffnesses, as will be described in Section 3.0.

t

This version of STRAP is similar to FLAP in that a quasisteady linear _rodynamic model is used to
compute blade aerodynamic forces. The lift is modeled as a linear function of angle of attack up to stall.
Past stall, lift is set equal to a constant. The drag is modeled as a quadratic function involving lift
coefficient. For more details, see Section 5.0 or Wright, Buhl, and Thresher (1988).

2nd Asymmetric Mode 1st Asymmetric Mode (teeter)

$3 _

S3 Sl_

2nd Symmetric Mode 1st Symmetric Bending Mode

f_ ,Q

1_.0_4 $40;_ I_ G0_4640_

I

I Figure2-1. Rotormodeshapes



Mhub

Tip Mass

Figure 2-2. Illustration of the teetering rotor with _-3, undersling, and hub mass

SqRAP is composed of two modules (STRAPI and STRAP2). The first module is a preprocessor that
reads blade and machine property data. lt computes such items as blade flapwise frequencies and mode-
shapes as well as stiffness, mass, coriolis, and other matrices. These quantities are variables that do not
generally change from one run to the next and, thus, are computed once.

Distributed blade properties such as the blade's stiffness, weight, twist, and chord may be read into
Module 1 at unevenly spaced points. The input data is interpolated to form sets of evenly spaced data.
Another capability of this module is calculation of the blade's flapwise frequencies and modeshapes. This
information is written to a file for examination by the user. From this information, the user can check
the effects of mass and stiffness changes on blade frequencies and modeshapes.

We assume in this version of STRAP that both blades have identical mass, stiffness, twist, and chord

distributions. In Module 1, mass, stiffness, and other matrices are calculated for only one blade. The
effect,s of mass, pitch, and twist imbalances are not accounted for in this model. _

The second module (STRAP2) calculates the rotor equations of motion and computes blade and low-speed
shaft loads. The code calculates the rotor response to such input as gravity, windshear, tower shadow,
yaw misalignment, and yaw rate. The response to these input is generally a steady-state one. The code
is "started up" with initial values for the blade deflection and velocity. Once the blade reaches a steady-
state trim solution, the blade loads are calculated and written to a file. The shaft loads are also calculated

and written to a separate file.

The rotor response and load calculations resulting from time-dependent yaw motion or turbulent wind
input is handled differently than the steady-state trim case. In those cases, a steady-state trim solution is

calculated first, before the code enters the transient portion of the solution process. "Ilaeresults of this trim

solution are then used as irdtial conditions for the transient analysis. After this trim solution is completed, i/
the time clock is started, and the model is run, with the yaw function evaluated at each azimuth position.

3
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The yaw-function values for the initial yaw..angledisplacement, yaw-angle amplitude, and maximum yaw
velocity are set by the user during the model-run setup. Because the yaw function is given independently
of the rotor model, the model solution from one rotor revolution to the next will not be steady state.

The number of revolutions to be run in the yaw solution is set by the user during run setup. After each
rotor-revolution solution in the yaw routine, loads are computed and printed out.

The procedure for calculating rotor response and loads resulting from turbulent wind fluctuations is similar
to the yaw solution procedure described above. The code first calculates rotor response for a trim (steady-
state) solution. The computed values for blade deflection and velocity at zero azimuth (blade straight up)
are then used as initial conditions for the transient analysis.

In order to run a turbulence analysis with STRAP, a file of turbulent, rotationally sampled wind data
is needed. Such a file of data can be generated by such codes as the VEERS Three-Dimensional Wind
Simulation (Veers, 1988). Additional details of this file generation and code execution with turbulence
will be given in Sections 6.0 and 7.0. Example inputs to Module 1 are described next, including prepa-
ration of blade property data for an example turbine. First, some new code input parameters are described.
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3.0 Description of New Input Variables

For a review of old input variables to Module 1, the user is encouraged to review Table 3-15 in Wright,
Buhl, and Thresher (1988). That table gives a description of ali the input variables and lists the equations
in which these variables were used. We will only describe herein those variables; that are new to
Module 1 of STRAP. Table 3-1 gives a description of these new variables.

The first new variables are HUBMAS, UNDSLG, and HUBDIS. These variables correspond to Mhub, u,
and d, as shown in Figure 2-2. Input of a nonzero value for UNDSLG (ft) moves the teeter axis away
from the blade apex (point 0) to point A. If a positive value of UNDSLG (ft) is inpuL the teeter axis is
moved by the distance u downwind of point 0 (the blade apex).

One can input a concentrated hub mass (Mhub)HUBMAS 0b-sZ/ft) a distance HUBDIS (d-ft) downwind
of point 0 (the blade _pex). The hub mass may consist of the mass of the hub that is not included in the
calculation of the blade's distributed mas,;(by the input WEIGHT). The inclusion of a concentrated hub
mass may move the rotor center of gravity relative to the teeter axis, which is important in the calculation
of the rotor's response and loads as a result of gravity. HUBMAS is the mass of the hub only, with the
blades removed. HUBDIS locates the center of gravity of the hub relative to the blade apex point (0).

The next input is the variable DELT3, which models the effects of delta-3 in teetered rotors. The effects
of delta-3 are to couple flap motion with pitch motion of the blades. Figure 3-1 shows a teetered rotor
with delta-3 (5-3).

In the convention used here, we are located upwind of the blade looking downwind. As the top blade (#1)
teeters downwind (away from us), it will also pitch so that the leading edge pitches toward the wind. The
blade is rotating clockwise.

lt can be shown that the change in angle of attack (or pitch: AO) is related to the change in teeter ABby

AO = ABsin _53

For most wind turbine rotors, DELT3 should be input as a positive value (in degrees). Input of a negative
value will result in a destabilizing effect, resulting in poor convergence to a trim sollution in Module 2.

The next six variables--BETA1, BETA2, Ko, Kl, K2, and CDAMP--allow modeling of teeter springs and
damping. We will now describe these parameters.

In tiffs analysis, there are three springs with stiffnesses Ko, Kl, and K2 (ft-lb/rad) and one damper with
damping constant CDAMP (ft-lb-s/rad). The angles BETA1 and BETA2 (deg) define those teeter angles
at which one spring stops acting on the rotor and another one begins. All these springs are considered
to be torsional springs with stiffnesses having units of ft-lb/rad. The definitions are.

K = Ko for B < B1
K 0 + K 1 for Bl < B <
K0 + K2 for B > B2 _

C = CDAMP for B > Bl

There may be a teeter bearing spring with,stiffness Ko that acts on the rotor for a_lteeter angles. Once
¢,

the blade reaches a certain angle, B1 there may be a second spring with stiffness K_, At some angle, B2,

- 5

_

,_, , _, ,, , i, 'IpIIR , iill,lr_l_l_,rlllml ,¢Ii, ', " ,_



Table 3-1. New input Variable Description.

Variable Name Symbol Description

HUBMAS Mhub Concentrated mass of only the
hub (lb-s2/fl) (see Figure 2-2).

UNDSLG u Distance of the teeter pin
downwind of the point of blades'
intersection (see Figure 2-2),

HUBDIS d Location of the hub center of

gravity downwind of the blades'
intersection point (ft) (see
Figure 2-2).

DELT3 8-3 Orientation of the teetering hinge
(see Figure 3-1) (deg),

BETA1 [31 Angle of teeter (deg) at which the
rotor impacts first teeter stop (see
Figure 3-2).

BETA2 _2 Angle of teeter (deg) at which
rotor impacts second teeter (hard)
stop (see Figure 3-2).

K0 Ko Stiffness of a teeter hinge spring
that acts on rotor for all teeter

angles (ft-lb/rad) (see Figure 3-2),

K1 K1 Stiffness of a spring (ft-lh/rad)
used to simulate stiffness of the

first teeter stop (see Figure 3-2).

K2 K2 Stiffness of a spring (ft-lb/rad)
used to simulate stiffness of the

second hard teeter stop (see
Figure 3-2).

CDAMP C Teeter damping, assumed to
occur for teeter angles greater

than BETA1 (_1) (ft-lb-sec/rad).

6
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Figure3-1. _-3 hinge(as observedlookingdownwind,rotorrotatingclockwise)

the blade may tdt a hard stop with stiffness K2. The damping (CDAMP) is considered to act for any
teeter angles greater than B1.

One note of caution is that use of a very high stiffness for K2 may cause longer run times for Module 2.
When running Module 2 with high values for K1 or K2, the user should set the run parameters STEPMX,
EUERR, and TRMERR in Module 2 to one. This will cause smaller step sizes in the numeric integration
process and improve chances for convergence to a trim solution.

Gther new code input include NUMSCN, TIMINC, MSTAT, and STA. Ali these variables are related
to the input of turbulent windspeed fluctuations from a separate file. This file of windspeed data must
be produced using a separate code, such as the VEERS model (Veers, 1988).

NUMSCN is the number of lines of windspeed data in the turbulent wind input file. For example, a
windspeed file may have 8,192 lines of data. TIMINC is the time increment between each line of wind
data. An example file nfight be sampled in the VEERS model at 24 Hz so that TIMINC = 1/24 sec
(.041667 sec). MSTAT is the number of bh_le stations at which turbulent wind data are input. At the
present time, only a value of MSTAT = 2 is input. STA represents the actual points on the rotor at which
wind data are input, in this case, at 20 and 40 ft. These are the rotor 50% and 100% radial locations.
lt is important to note that STA repre_nts the distance from the rotor center of rotation and not the '
distance from the blade root. More details will be given in Sections 6.0 and 7.0 on turbulence input.





4.0 Example Turbine Description

We will show the data input file preparation for an example two-bladed teetering hub test turbine. Before
showing code input, the turbine will be described.

The ESI-80 wind turbine, shown in Figure 4-1, is a two-bladed, fixed-pitch, free-yaw, downwind, stall-

controlled turbine, lt has a rotor diameter of 24 m (80 ft) and features wood epoxy composite rotor
blades. These blades use LS(1)-04XX airfoils with thickness distribution, and planform shown in
Figure 4-2. This blade has a chord taper ratio of 2.2 beginning at the 30% blade radial station. Figure 4-2
also describes the linear trailing-edge-drop twist distribution of 4.0 deg. Blade stiffness and mass

distributions are shown in Figures 4-3 and 4-4. The lift and drag profiles for the LS(1) are shown in
Figure 4-5. The blade pitch is set to zero degrees measured at the 75% blade span. The rotor has a
solidity of 0.035 and a coning angle of 7.0 deg angled away from the tower. The teetered rotor has a
delta-3 angle of zero degrees and rotates at a constant rotational speed of 60 RPM. Aerodynamically
shaped tip vanes mounted at the blade tip perpendicular to the spanwise axis provide overspeed protection
and assist in high-wind stops. Table 4-1 summarizes the major turbine specifications for the test turbine.

The distance from the yaw axis to Me center of the hub is 6.79 ft. The teeter pin is 0.75-ft downwind
(u = 0.75 ft) of the hub center. The mass of the hub, not modeled as blade mass, is 55.9 lb-s2/ft

(Mhub = 55.9), located at the point where the blades intersect (d = 0). These inputs are important for
locating the rotor's center of gravity with respect to the teeter pin.

Figure 4-1. Illustration of example turbine

9
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Table 4-1. Example Turbine Specifications

Rated Power 250 kW

Rated Windspeed 20.3 m/s (45 mph) Rotor

Diameter 24.5 m (80 ft)

Rotor Type Teetered - Stall Control

Rotor Orientation Downwind

Blade Construction Wood Epoxy Composite

Rotor Airfoil NASA LS(1) 0417

Tip Speed 77.9 m/s (173 mph)

Cut-in Windspeed 5.9 m/s (13 mph)

Rotor RPM 60 RPM

Generator RPM 1,800 RPM

Generator Type 300-kW Induction, 3 Phase

Gearbox Planetary

Hub Height 24.9 m (81.5 ft)

Tower Open - Ti_ss

Pitch Control None

Yaw Passive

Overspeed Control Tip Vanes

Total System Weight 9,750 Kg (21,500 lbs)

Coning 7 deg

Rotating Natural Frequencies

Teeter 1 Hz

First Symmetrical Flapwise 2 Hz

Second Syrmnetrical Flapwise 7.8 Hz

First Edgewise 5.9 Hz

Second Antisymmetrical Flapwise 12 Hz



5.0 Preparation of Input Data

Appendix A, page 2 shows the basic input file to Module 1 for the turbine. We will now describe the
basis for choosing these inputs for each variable.

ALENTH (ft)

The distance from the tower centerline or yaw axis to the center of the hub (point where the two blades
intersect) is 6.79 ft. Note that this is not necessarily the distance from the yaw axis to the teeter hinge.
That distance is ALENTH + UNDLSG.

ALPHA_ (deg)

This variable represents the angle from the chord line to the zero lift line. This angle can be found from
examination of the lift curve for the LS(1) airfoil shown in Figure 4-5 and represents the angle of attack

at which CE is equal to zero. It is equal to -4 deg for this airfoil. We assume a constant ALPHd? for the
entire blade span. Provisions for changing ALPH¢ with blade span are not provided in this version of
STRAP.

CH..._21(deg)

The angle CHI is the rotor shaft flit, set equal to zero for this turbine. See Wright, Buhl, and Thresher
(1988) for more details.

CSUBMA

This variable represents the airfoil pitching moment coefficient, set equal to 0.015 for this airfoil. For

more details, see Wright, Butfl, and Thresher (1988), page 13. "I'ltis input is not very important for
calculation of flap-bending moments.

DRGFRM

This input variable is used in the calculation of airfoil drag coefficient, as given in Wright, Buhl, and
Thresher (1988), equation 4-7, page 85. lt can be found by fitting a second-order equation of the form

given in Wright, Buhl, and Thresher (1988) to the airfoil C D versus C L curve. For this airfoil, the value
for DRGFRM was calculated as 0.0032.

HUBHT (ft)

The hub height of this turbine is 80 ft.

BETAO (deg)

The precone angle for this rotor is 7 deg,

BLSHNK (ft)

BLSHNK is defined as the length of blade shank measured from the blade root to the point where the air-
foil section begins. A nonzero value for BLSHNK must always be input to this code. If the particular
rotor being analyzed has a zero blade shank, set BLSNK to some small number (.01). Figure 5-1 clarifies
the definition of this variable. The main purpose of this variable is to identify the portion of the blue

13
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Figure 5-1. Illustration of rotor geometry

not producing aerodynamic lift. For this case, BLSHNK = 0.8 ft. Input of a zero for BLSHNK will
eause an error in code execution.

BLTIP (ft)

This variable is the blade length, as measured from the blade root to the tip. This value will not, in
general, be equal to the rotor radius (see Figure 5-1). For this turbine, BLTIP is set equal to 38 ft because

we have a hub radius of 2 ft. The hub is not considered as part of the blade.

HUBRAD (ft)

HUBRAD is the distance from the axis of rotation to the blade root. For this rotor, HUBRAD is set equal

to 2 ft. Figure 5-1 clarifies this input variable. In this version of the code the parameter HUBRAD does
not need to be set to zero as in the previous version of FLAP (see Wright, Buhl, and Thresher, 1988,
p 63).

KSHADW

This variable is used in the tower shadow model (see Wright, Buhl, and Thresher, 1988, pages 7, 88).
lt represents the number of oscillations in the tower shadow region. For this turbine, it is set to 3 because
we have a three-legged truss tower.

NBLADS

The number of blades is set to 2.

NPANEL

This variable represents the number of points on the blade, beginning at the root and ending at the tip,
in which distributed blade properties are input. We input properties at 11 points along the blade. The
maximum value for NPANEL is 11.

!4



OMEGA (RPM)

The rotor speed is 60 RPM,

PHIAMP (deg)

This variable is set to zero because we 'are not perforndng a yaw motion solution. See Ref. 4 for more
details. This variable defines the yaw-motion amplitude in the time-dependent yaw solution,

PHIOMG (deg/sec)

This variable is also set to zero. This variable defines the steady yaw rate in the trim solution or the
maximum yaw rate in a yaw-motion, time-dependent solution. (See Wright, Buhl, and Thresher, 1988),

(deg)

This variable is set to +13 deg because the steady yaw error for this data case was 13 deg (see Wright,
Buhl, and Thresher, 1988). See Wright and Butterfield (1992) for yaw error definition.

PSIZER

This variable represents the tower shadow half-width. The tower shadow is modeled as a pie-shaped
sector centered about the tower centerline. The value of PSIZER was arbitrarily selected as 20 deg for
this machine. For more details, see Wright, Buhl, and "Itaresher (1988), page 7.

SHERXP

The power law windshear relation given in Wright, Buhl, and Thresher (1988), page 7, had an exponent
equal to 0.164 for this case. This value was determined from analysis of anemometer data at three
heights, as described in Wright and Butterfield (1992).

THETAP

This variable represents the angle between the principal flapwise bending plane and the cone of rotor
rotation. If the blade elastic flapping motion is considered to occur perpendicular to the rotor plane, then
THETAP should be set to zero. If flapping motion is considered to occur about the section chord line at
the blade root, then THETAP should be set to the angle between this chord line and the rotor cone of
rotation.

For a single code run, the orientation oi flapping is constant; it does not change from blade station to
station because of changes in pretwist. To change the flapping direction for other stations, the code must
be rerun with appropriate values of THETAP. All load and deflection results are referenced to this one

axis system (the Xp, Y , Z axes [Wright, Buhl, and Thresher, 198811). For this case, we set THETAP toP

4 deg to reflect flapping aPbout the root chord line. For more details, see Wright, Buhl, and Thresher
(1988), pages 13 and 86.

THETAT

This variable represents the difference in twist between the reference station and the tip. Because the
reference station was selected at the root, this twist difference is 4 reg.

"li _e*
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WEIGHT

We wanted to include the 42-1b tip weight in the blade's distributed weight input (provisions for inputting
a concentrated tip weight are not included), We placed points at 36,0, 36,2, and 38,0 ft,

Distributed property data are interpolated in Module 1 to form a set of evenly spaced da 'ta, Between each
value of XLEFT, tile property data are being linearly interpolated, The point 36,2 was chosen to allow
the weight to change rapidly.

The other values chosen for WEIGHT were based on the blade's weight distribution, shown in Figure 4-4,

AEIARE (× 106 lb-ft 2)

Figure 4-3 shows the stiffness distributi_ns for tiffs airfoil, Input of values from this plot result in
overprecliction of the blade's flapwise bending frequencies, We deliberately reduced these values unt-
fornfly along the blade so that the predicted flapwise frequencies will agree with test data, It is known
that the f'trst symmetric flapwise frequency is approximately 2 Hz, Values taken directly from Figure 4-3
result in overprediction of the frequencies, The user can now try different mass and stiffness distributions,

run Module 1, and see what effect these changes have on predicted frequencies. We deliberately reduced
the blade's stiffness distribution,

We did not adjust the blade's weight distribution because this parameter is so important for correct
calculation of blade centrifugal and gravitational loads,

A_..EMASS,.AIEMASS , AOFFS'-F,AESBAC

These input variables are set to zero, We did not perform a thorough investigation of the effects of these

parameters on blade loads and response, The variables AOFFST and AESBAC may have some effect on
the torsional moments predicted by STRAP, We do not think these input parameters have
a big effect on flapwise bending moments, however.

ACHORD

This variable is input directly from the information given in Figure 4-2,

ATWIST

Ttlis variable represents the blade's built-in twist distribution. It is input from the information given in

Figure 4-2. lt is important to note that these values must be adjusted in order to obtain zero twist at the
tip; i.e., ATWIST(11) = 0. The input variable ATWIST has the blade tip as its zero reference point
instead of the 75% span, as seen in Figure 4-2.

ACLALF_ ACDZER.

ACLALF is the lift curve slope, lt ts _dlowed to vary along the span. These values were input from
information on the LS(1) airfoil.

ACDZER is the drag coefficient at zero lift. lt is used in the calculation of drag coefficient (Wright, Buhl,
and Thresher, 1988). lt is also allowed to vary along the span.

!7
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NUM$C_N,TIMINC, MSTAT, STA

These four variables provide information necessary for input of ttvbulent wind fluctuations to STRAP,
NUMSCN was input as 8,192 to reflect 8,192 ltnes of data in the turbulent wtndspeed file, TIMINC is
set to ,04.1667 because the wind data are sampled at 24 Hz, The number of blade stations at which
wtndspeed data are input is two, _No._q._te:The hub center wtndspeed data will be read tn also, MSTAT
represents the number of blade stations outboard of the hub center at which turbulent wind input are to
be read, STA gives the positions (as measured from the center of rotor rotation) of these points, here set
to 20 and 40 ft, which is 50% and 100% of the rotor radius, These Inputs are seen in the input file in
Appendix A,

1Q
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6.0 Preparation of Turbulent Wind input Data

If the u._eris not interested tn running a case with turbulent windspeed input, then this section can be
skipped. The STRAP code can be run for deterministic cases only by simply choosing the (Q) option after
the trim solution.

In order to run a turbulent wtndspeed case, a separate file of turbulent windspeed data is needed for input
to STRAP. lt is assumed that the user must run a separate turbulence wind simulation model such as
Veers (1988). Some specific details on the VEERS model will now be given as well as the structure of
the turbulence input file to STRAP.

We recommend the use of Veers (1988) for generation of turbulent windspeed input for this rotor. We
will henceforth refer to Veers (1988) as the VEERS Three-Dimensional Wind Simulation or, simply, the
VEERS model. The reason we recommend this code is that it can be used to generate turbulent wind-
speed data needed for both blades of a two-bladed teetering hub rotor, With this model, a full three-
component field of turbulence is not calculated, only the longitudinal, "along wind," component.

This simulation method t_ used to obtain rotationally sampled windspeeds (Veers, 1988). We simulate
the windspeed at five points of the rotating two-bladed rotor: the 50% rotor radius location on blade 1,
the 100% rotor radius for blade 1, the 50% rotor radius fbr blade 2, the 100% rotor radius for blade 2,
and the windspeed for the center of rotor rotation.

In the VEERS code, various spectral models for the fixed-point power spectral density calculations can
be chosen (Veers, 1988). We usually choose the Solari model. The coherence model is the exponential
model with some modifications (Veers, 1988), Input to the model include mean windspeed, rotor speed,
number of blades, turbulence intensity, terrain surface rougtmess, and coherence decrement. For more
information, see Veers (1988).

Another input to this model is the number of equally spaced azimuth points in which windspeed data are
to be simulated. This parameter will dictate the sampling rate of the generated, rotationally sampled
windspeed data. From information that we have obtained from Winkelaar (1991), we usually set this
parameter to a high value, in our case, 24 points around the azimuth. This will result in a turbulent
windspeed file consisting of six columns of data generated at 24 Hz. The time increment between
digitized data is, thus, approximately 0.0417 sec.

In the output file from the VEERS model, the first column is rotor 'azimuthangle (deg), the second is
windspeed at 50% rotor radius on blade 1, the third is windspeed at 100% rotor radius on blade 1, the
fourth is windspeed at 50% rotor radius on blade 2, the fifth is windspeed at 100%rotor radius on blade 2,
and the sixth is the center of hub windspeed. The file contains 8,192 lines of data sampled at 24 Hz.
This file represents 341 sec of real-time wind data. q?henumber of lines of data in the file can be set in
the VEERS model input file. We usually want this number to be some power of two (213 in this case)
so that we can later perform power spectral density calculations on the computed loads and response
output. The STRAP code will generate corresponding Loadsand response output corresponding to each
line of windspeed data. An example output file from VEERS is shown in Appendix F.
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7.0 Input of Turbulence Data to STRAP

At this time, we will describe how these turbulent windspeed data are read into STRAP and how they are
used.

In order to run a turbulent windspeed case, the STRAP code must first be run in order to determine a trim
solution. The code then uses the computed values of blade deflection and velocity at zero azimuth (blade
at 12 o'clock) as initial conditions for this process. An example interactive execution will be shown in
the next section.

One major change included in STRAP and not included in FLAP, version 2.01, is a subroutine named
TRBCLC. After the code finishes with its trim solution calculations, it enters this subroutine, if so chosen
by the user. it is in this subroutine that the turbulent windspeed data generated by Veers is read into
STRAP.

We must now describe the two types of interpolation of _'aiswindspeed data that are occurring in STRAP.
One type is with respect to rotor azimuth, and the other is along the blade radial station locations.

To describe the first type, we must remember that the STRAP code does not increment the rotor azimuth
angle in equal azimuth steps. They can vary from point to point because of the use of the Euler
Predictor Corrector numeric integration procedure (Wright, Buhl, and Thresher, 1988). The windspeed
data generated from VEERS (Veers, 1988) is generated at equal time steps. The main pttrpose of subrou-
tine TRBCLC is to interpolate the data in order to provide approximate wind input at intermediate rotor
azimuth locations. Linear interpolation is used in this subroutine.

Appendix D gives a listing of STRAP2. Subroutine TRBCLC is on page D-92. Upon entering this sub-
routine, the user will be prompted for the name of the windspeed input file and asked whether the
windspeed data are in English (ft/see) or metric (m/see) units. He or she is then asked for a file name
that contains load and response predictions. These predictions are not written in the RESULTS.DAT file
formed previously.

The code then reads one line of wind input data at a time. For the first pass through this subroutine,
before the first line of windspeed data is read, the initial azimuth angle is set to zero degrees, and the
initial values for the two windspeeds on each blade and the hub center windspeed are set equal to VHUB.
The first line of data is then read. The azimuth angle is then incremented, and wind input are then
determined by linear interpolation for this intermediate azimuth angle. The values calculated at this
intermediate azimuth are stored in the variables VYNOW1(1), VYNOW1(2), VYNOW2(1), VYNOW2(2),
and VYNOWH. These variables represent the interpolated values of the two ve,locities on each blade and
the hub center wind velocity at the present azimuth angle, x'Haetwo end-point values, used in the linear
interpolation process, represent the last and most recent values of windspeed read from the input file.
These values are represented by the variables VYSAVI(I,J), VYSAV2(I,J), alltdVYSAVH(I). The inte-
ger I can be either 0 or 1, corresponding to old or new. The integer J is equal to 1 or 2, corresponding
to windspeed at the 50% or 100% radial location. The variable VYSAVH(I) is the hub center windspeed.

The five interpolated windspeeds are ultimately passed to a subroutine name WINDVL. In this subroutine,
values of turbulent windspeed are calculated for intermediate blade radial stations.

The STRAP code calculates blade aerodynamic forces at 21 equally spaced blade stations, beginning at
the root and ending at the tip. In this subroutine, we take the five values of windspeed passed from
subroutine TRBCLC and calculate interpolated values for intermediate blade r_xlialstations. We then have
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an array containing 21 equally spaced windspeed inputs for a blade. These values are saved in the array
DEL'IVY(I); see Appendix D, page D-89 for Subroutine WINDVL.

This process of azimuth interpolation in subroutine TRBCLC and blade radial station interpolation in
WINDVL is continued for each iteration in the numeric process. The code will calculate teeter and elastic
flap deflections, velocity, and accelerations at every single iteration point. The code calculates and saves

loads only at those azimuth positions corresponding to the azimuth values read in from the turbulent
windspeed file.

Results written to the user-designated output file include azimuth angle, teetex' angle, blade 1 loads and
deflection information, blade 2 loads and deflection information, and low-speed rotor shaft loads (in the
rotating coordinate system) at the hub center. The user can modify the write statement in subroutine

TRBCLC to write out ali or part of these results. This file will contain the same number of lines of output
results as the number of lines of data in the windspeed input file.

Some remarks should be made on proper execution of the trim solution portion of this process. The
file produced by the VEERS model contains windspeed data derived from three parts: (1) the mean hub
height windspeed, (2) the variation of windspeed as a result of windshear, and (3) the variation as a result
of stochastic effects. The second part may be zero if the VEERS model is run with a zero windshear
exponent.

Care must be taken to run the trim solution in STRAP using the correct values of VHUB and SHERXP.
The variable VHUB, in Module 2 of STRAP, should be set to the value of hub height windspeed as cal-
culated in the VEERS model. The mean windspeed input to the VEERS model is the mean windspeed
at a 10-m height (Veers, 1988). This will not necessarily be equal to the hub height windspeed. Hub
height may be at a different level. The equivalent hub height windspeed from the VEERS model can be
calculated from a knowledge of the windspeed input at 10 m and the power law shear exponent. Once
tiffs value is known, STRAP SHOULD BE RUN WITH VHUB SET TO THIS VALUE IN
FEET/SECOND.

If the VEERS model is run with a nonzero shear exponent, then the STRAP code should be run with
SHERXP set to zero. The wind data generated by the VEERS model already contain the effect of wind-
shear. Input ofa nonzero SHERXP in STRAP will result in windshear overprediction. To be safe, we
set SHERXP, at the beginning of subroutine TRBCLC, to zero.

An example interactive run of Modules 1 and 2 will now be given.
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8.0 Example Interactive Run

8.1 Module 1--STRAP1

Please see Appendix A for a printout of this interactive run, Upon code execution, the user is first
prompted for the input file name, here referred to as TURBN.DAT. Upon typing in the input file name,
the user is prompted for filename c_fthe run-data file name. This file is written by STRAP1 and contaias
the data to be read by STRAP2.

Ali the input data are echoed out to allow the user to check all inputs. At this point, the user is not
able to change input during execution of Module 1. The changes must be made to the input file and then
rerun.

After all the input data have been echoed out, the user is prompted for the name of a file for writing the
blade's modeshape and natural frequency data. This file is different than the run-data file. The purpose
of this modeshape file is to allow the user to examine resulting flapwise natural frequencies and mode-
shapes. It is not read by STRAP2, and its only purpose is to examine frequency results.

Finally, the user is asked if he or she wants to process another data file; in which case, he or she
answers yes or no. The code then responds by repeating the previous steps or stating "STRAP Terminated
Normally." This signals the end of STRAP1 execution. A listing of this interactive session is shown in
Appendix A. A listing of the run-data file and the modeshape file is also shown.

8.2 Module 2--STRAP2

Upon executing STRAP2, the user is presented with a menu of options shown in the interactive run listing
in Appendix B. The options include (R)ead in a data file, (S)et up and run the model, (D)iagnostic run,
(T)urbulence run, and (Q)uit.

The user fn'st chooses the (R) option and reads in the run-data file produced by Module 1 (STRAP1).
AfCr this step, the user selects option (S). Upon selecting (S), a list of free variables will be given.
The user is free to change any of these variables. At this stage, the user selects the number of degrees
of freedom to be included in the analysis. The variable NSHAPS sets the number of modes (from 1 to 4)
to be used in the analysis. We suggest that NSHAPS be set to at least 2 so that the rigid-body teeter
mode and the first symmetric bending mode are used in the analysis. For the example turbine described
earlier, final code runs should use a value of 4 for NSHAPS because the second symmetric bending mode
at a frequency of 8 Hz (8 times the rotor rotation speed) gets highly excited by effects for this rotor such
as windshear, tower shadow, and turbulence (Wright and Butterfield, 1992).

After changing any of the free variables, the user is given the option of changing the run parameters.
We suggest changing the variables STEPMX and EUERR under certain conditions. See Veers (1988) for _
the definition of these two variables. The default parameters (STEPMX = 10, EUERR = 10)can be used
for initial runs, when only one or two modes are used, at low windspeeds in nonstalled conditions. When
more modes are used or in cases involving high angles of attack (stalled flow), severe tower shadow input
teeter stop impacts, etc., these parameters should be set to 1. Although the code will take longer to run,
decreasing these input parameters will help the code to converge to a solution. The small step size is
necessary when the blade is encountering highly nonlinear operating conditions, such as stalled flow, and
abrupt changes because of tower shadow or teeter stop impacts.

T
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For high-windspeed cases, the code may take 20 to 30 trim iterations before a solution is reached. This
occurs because of the decrease in blade a_rodynamtc damping that result from high angle-of-attack
conditions.

We also suggest setting the Trace Flag in the set of run parameters to TRUE. This allows printout of
blade deflection, velocity, acceleration, and other items in the RESULTS.DAT file. From this information,
the user can monitor problems that may be occurring during code execution.

Another variable in this list of parameters is NYAW. If the user wants to run a time-dependent yaw
solution, NYAW should be set to some integer number greater than zero. The variable PHIAMP in the
free variable list must also be greater than zero (see Wright, Buhl, and Thresher, 1988).

NYAW represents the number of rotor revolutions to be performed during the yaw solution. The code
will fu:st compute a trim solution and then pertbrm a transient analysis using the time-dependent yaw
solution. The solution is completed at the end of NYAW revolutions.

A_f_r reviewing and/or changing the set of run parameters, the user is prompted for the name of the
RESULTS.DAT file. 'Ibis file will contain the rotor teeter, blade deflection, slope, and velocity results
as well as all the blade's force and moment values, These results are given as a function of blade azimuth
angle as well as blade radial station.

An option we have added to STRAP is the ability to input initial values for the blade's teeter and
deflection data. The number of required input will depend on the value for NSHAPS, set in the free
variable list. These initial values are assumed to be for a blade azimuth angle of 270 deg.

We have found this capability useful for speeding convergence for cases involving stall or other conditions
requiring a long run time. The user can first run the code with the TRACEF flag (in the run parameters)
set to TRUE with the code default initial conditions. After 10 trim iterations, theuser can stop execution
of the code. The user can then examine the RESULTS.DAT file and find the last values for the blade

deflections at the azimuth angle of 270 deg. The code can then be rerun with these values used as initial
values for the rotor teeter and blade deflection values. These steps will help speed convergence for cases
involving high windspeeds or other nonlinear phenomena. Once the code obtains a satisfied trim
condition, the code prompts the user for a Fourier analysis of result data.

The nine result items are then listed, and the user chooses which item (one at a time) to be Fourier
analyzed. The code then determines Fourier cosine and sine coefficients and writes them in table form

to the RESULTS,DAT file. A RESULTS.DAT file corresponding to the interactive run is shown in
Appendix B.

After this, the name of a shaft load output file is asked for. The shaft loads for the trim runs are written
to a separate file. A printout of this file for this interactive run is also shown in Appendix B.

After this, the user is asked if he or she wants to make another run with these data. If the answer is yes,
the previous steps are repeated. If the answer is no, the user is returned to the operations menu.

One option that has not been described is (D). This option can only be performed after a trim solution
has been performed. Upon execution of this option, items such as angle of attack, lift, and drag will be
written to a file named DIAGNOS.DAT. This information is presented for various blade stations as well
as rotor azimuth positions.
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The other option to be described is (T). This option must also be chosen only 'after a trim solution has
been performed. In this case, we can see that a turbulence analysis was performed. The turbulent
windspeed input file was named WIND-2.DAT. These windspeed data were in metric units (meters/
seconds). The turbulence load output file was named LOADS-2.DAT. If the user wants to bypass the
turbulence analysis, then the (Q) option should be chosen before the (T) option. This will halt code
execution,
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9,0 Conclusions

An overview of the NREL (formerly SERI) Teetering Rotor Analysis Program (STRAP) has been given,
New input to the code have been described. An example two-bl_ed teetering hub wind turbine was
described. Preparation of code input and an example code interactive run for this turbine were shown.
Code and interactive run listings are given in the appendices.
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Appendix A

Module 1 Input File, Interactive
Run Listing, and Output Files



TURBN.DAT

DATAINPUTFORTHEEXAMPLETWOBLADEDIDOWNWIND
80 FT DIAM. TEETERINGROTOR
ALENTH 6.79
ALPHAO -4,0
BETAO 7,0

BLSHNK 0.80
BLTIP 38.00
CHI O,

CSBHAC 0.015
DRGFRM 0.0032
HUBHT 80.
HUBRAD 2.0

KSHADW 1
NBLADS 2
NPANEL 11

j OMEGA 60.
PHIAMP 0.0

PHIOMG O.O
PHIO 13.0
PSIZER 20.

SHERXP 0.164
THETAP 2.00
THETAT 4,0

TSUBP 0.05
TSUBO 0.05

HUBNAS 55.90

UNDSLG 0.75
HUBDIS 0.24

VHUB 33.64
OELT3 00.0

BETA1 0.0
BETA2 0.0
KO O00000.O

K1 000000.0

K2 000000,0

(:DAMP 0000.

XLEFT 0.0 0.80 1.00 4.00 10.00 18.00 22.00 26.00 36.00 36.20 38.00

WEIGHT 50.0 50.00 50.00 43.3 31.6 19.3 14.0 9.35 5.39 28.30 28.20
AEIARE 38.90 38.90 38.89 22.50 13.33 4.22 2.48 1.45 0.289 0.280 0.135
AIEIC_,S 0.0 0.0 0.0 0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0

AIFHAS O.O 0.0 0.0 0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0
AOFFST O. O. O. O. O. O. O. O. O. O. 0.
ACHORD 1.00 1.00 2.083 2.333 2.916 2.464 2.238 2.012 1.560 1.549 1.333

ATWIST 0.0 0,0 4.0 3.9 3.8 3.2 2.8 2.1 0.20 0.10 0.00

ACLALF 0.0 0.0 4.55 4.75 4.B5 4.95 4.95 5.20 5.18 5.18 5.24

ACLMAX O.O 0.0 1.0 1.1 1.2 1.3 1,5 1.6 1.6 1.6 1.6

ACDZER 0.0 0.0 0.0083 0.0083 0.0083 0.0083 0.0083 0.0083 0.0083 0.0083 0.0083
AESBAC O.O 0.0 0.0 0.0 O,O 0.0 0.0 0.0 0.0 0.0 0.0
NUMSCN 100

TIHINC 0.041667
MSTAT 2

STA 20. 40.



Program For AnaLysts Of a 2-Blacted TeeCer]ng Hub Rotor
Dynam{¢Responseand Loads AnaLysis

MODULE1- STRAP1

subroutine IHPUT: Input and process new blade
and turbine data.

Enter nameof input data fire >

turbn,dat

Enter name of output data file >
runb.dat

TURBN.OAT

DATAINPUT FORTHEEXAMPLETl#OBLADED,DOWNWIND
BO FT DIAM, TEETERINGROTOR

Parameter vatues=

ALENTH= 6.79000 NPANEL= 11
ALPHAO= -4,00000 OMEGA= 60.00000

BETAO= 7.00000 PHIO = 13.00000
BLSHNK= 0.80000 PHIANP= 0.00000
BLTIP = 38.00000 PHIOMG= 0.00000
CHI = 0.00000 PSIZER= 20,00000

CSUBMA= 0.01500 SHERXP= 0,16400
DRGFRM= 0,00320 THETAP= 2.00000
HUBHT = 80.00000 THETAT= 4.00000

HUBRAD= 2.00000 TSUBO = 0.05000
KSHADW= 1 TSUBP = 0.05000

NBLADS= 2 VHUB = 33.64000
HUBMAS= 55.90000 UNDSLG= 0.75000
HUBDIS= 0.24000 DELTA3= 0.00000
BETA1 = 0.00000 BETA2 = 0.00000

KO = 0.00000 KI = 0.00000
K2 = 0.00000

COAMP= 0.00000

NUMSCN= 100

TIMINC= 0.04166

MSTAT = 2

Hit <Enter>to continue...

XLEFT WEIGHT AEIARE AIEMAS AIFMAS AOFFST

0.00000 50.00000 38.90000 0.00000 0.00000 0.00000

0.80000 50,00000 38.90000 0.00000 0,00000 0.00000

1.00000 50.00000 38.89000 0,00000 0.00000 0,00000
4.00000 43.30000 22.50000 0.00000 0.00000 0.00000

10.00000 31.60000 13.33000 0.00000 0.00000 0.00000

18.00000 19.30000 4.22000 0.00000 0.00000 0,00000
22.00000 14.00000 2.48000 0,00000 0.00000 0.00000
26.00000 9.35000 1.45000 0.00000 0,00000 0.00000

36.00000 5.39000 0,28900 0.00000 0.00000 0_00000



36.20000 2B,30000 0.28000 0,00000 0,00000 0,00000

3B,00000 ' 28.20000 0.13500 0.00000 0,00000 0,00000

Hit <enter> to oont|nue.,,

ACHORD ATW[ST ALCALF AOLHAX ACDZBR ABSBAC

1,00000 0.00000 0,00000 0,00000 0,00000 0,00000

1,00000 0.00000 0.00000 0,00000 0,00000 0.00000

2.06300 4.00000 4._5000 1,00000 0,00830 0°00000
2.33300 3.90000 4.75000 1.10000 0.00830 0.00000
2.91600 3.80000 4.85000 1.20000 0.00830 0,00000

2,4_00 3.20000 4,95000 1.30000 0,00_0 0,00000
2,Z3800 2.80000 4.gSD00 1.50000 0.00830 0.00000
2.01200 2,10000 5,20000 1,60000 0,00830 0,00000
1.56000 0.20000 5,18000 1.60000 0,00830 0,00000

1.54g00 0.10000 5.18000 1.60000 0.00830 0.00000
1.33300 0.00000 5.24000 1.60000 0.00830 0,00000

Flit <Enter> to cont4nue.,,

STA-
20.000

40_000

Htr <Enter> to continue.,.

Enter nameof modeshabeand frequency f|(e
MODESb.DAT

Data tor HOOULE2 have been written to RUNB.DAT.

Do you want to process another data f_ie? (Y,=N) >

STRAP1terminated normaLLy.
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THB MOOBBIIAP6ANO FREQUBNCYFILBPROOUCBDOY MOOULIII_

VRBQUBNCIB9- (RADIANS/8(IC)

6,28319 15,4616 30.060B 50,6140

Mcde_ha_8:
I 0,49991BII.010,000000 .0,128996B-01 0,000000

11 0,97'44518-01O,4'_x;90B-03-0,24792211-01.0,470760B-03

21 0,14_B27 0.2_._1_..02 -0,3643796.01 -0,I_B936-0:_

31 0,19213B 0.560398B,02 .0,480_96-01 "0,3762908"02

41 0,239369 0.I056796-01 "0,594390E-01-0,_86E-02

51 0,286_09 O.171897B-01 -0,699322Eo01-0,I0569.qE-01

61 0,335544 0,255_B-01 -O.?B7526e-OI.0,1536756-01

71 0.380498 0.359095B-01 .0,8502036-01-0,208500B.01

B1 0.427239 0,485312E-01 _0,8787866-01-0,266104E-01

91 Oo473BT'( 0,63B611B,,01-O.865"rTBB.01-0,32093BE-01

101 0.920367 0.8235876.01 -0.B05395_.01 -0,3665156-01
111 0,566707 O,104471 .0.694031E.01 -0.396127E-01

121 0,612903 0,130561 -0,530526E-01 -0.403623E- 01
131 0,656964 O,160841 "0,316252E-01 -0.384173e-01
141 0.?04903 O,195319 "0.550104E-02 "0.334936E-01
151 0.750740 0.233762 0.247261B_01 -0.255tJ286-01

161 0,79(>495 0.275687 0.582962E-01 -0.1482181!-01
171 0.842191 0,320591 0,943502B-01 -0.1775246-09

181 0.087848 O.367023 O.132015 O.1292716-01

191 0,933486 0.414711 0.170907 0.2859686-01
201 0.979118 0.462746 0.209258 0.4449726-01

DeriVative of Modeshape
1 0.24995_-01 0.000000 .0.6449796-02 0.000000

11 0.2495646-01 0.560284B-03 -0.6147136-02 -0.4666596-03

21 0.2491956-01 0.153'}'616-02 -0.6130756-02 -0.8586736-03
31 0.2468046-01 0.2183016-02 -0,609334E-02 -0.1293466-02
41 0.2483596-01 0.3044556-02 -0.5815966-02 ..0.1788896-02

51 0.2478416-01 0.3934126-02 -0.5158226-02 -0.2297076-02
61 0.2472456-01 0.4901716-02 -0.4048356.02 -0.273349E-02
71 0.2465766-01 0.6010126-02 -0.247334E-02 -0.3001636-02

81 0.2458476-01 0.7317116-02 -0.469084E-03 -0.3012816-02
91 0.2450766-01 0.88606_-02 0.1889526-02 -0.2701996-02

101 0.2442696-01 O.10650tE-01 0.449843E-02 -0.2036466-02
111 0.243511t_-01 0.1265856-01 O.7234.x96-02 -0.1025976-02

121 0.2427706*01 0.1/,82386-01 0.9964606-02 0.2799186-03
131 0.2420926-01 0.1705116-01 O.1299706-01 O.'179279E-02

141 0.2415006o01 O.1922126-01 O.1488976-01 0o3393616-02
151 0.2410126-01 0.2120226-01 O.1686116-01 0.49450_-02
161 0.240640E-01 0.2286706-01 O.183998F._01 0.630857E-02

171 0.2403846-01 0.2411436-01 O.194743e.-01 0.7365786-02
181 O.2409._6E-01 0.248943E-01 0.201031E-01 0,8044846-02

191 0.240176E-01 0.2523696-01 O.203542F.-01 0.8351226-02

201 0.2401666- 01 0.2529636-01 0.204055E-01 0.8403066-02

Derivative of Modeshape
1 0.000000 0.1951186-03 0.3012Z0E-05 -0.3029126-03

11 0.000000 0.370241E-03 0.528635E-04 -0.210331E-03
21 0.000000 0.4352496-03 -0.8751836-05 -0.212279E-03

31 0.000000 0.4503566-03 0.6729196-04 -0.2466636-03
41 0.000000 0.457658E-03 0.2369506-03 -0.2703861_-03
51 0.000000 0.483482E-03 0.4616186-03 -0,256911E-03

61 0.000000 0.5407266-03 0.707T.t6E*03 -0.1938426-03
71 0.000000 0.6312086-03 0.9469456-03 -0.8049006- 04
81 0.000000 0.748010E-03 0.1156146-02 0.7455626-04



91 0.000000 0.877819E-03 0.131739E-02 0,255854E-03
101 0.000000 0.100328E-02 0,141794E-02 0.443537E-03
111 0.000000 0.110532E-02 0.145026E-02 0.615745E-03

121 0.000000 0.116554E-02 0.141201E-0_ 0.751052E-03
131 0.000000 0.116849E-02 0.130605E-02 0.830892E-03
141 0.000000 O.110407E-02 O.114043E-02 0.841988E-03
151 0.000000 0.969868B-03 0.928408E-03 0.778785E-03

161 0.000000 O.773475E-03 0;688436E- 03 0.645870E-03
171 0.000000 0.534854E-03 0.444163E-03 0.460409E-03
181 0.000000 0.288682_-03 0.224436E-03 0.254567E-03

191 0,000000 0.866866E-04 0.633004E-04 0,779450B-04
201 0.000000 0.247582E-13 0.170329E-13 0.2_6193E-13



TURBN.DAT

DATA INPUT FOR THE EXANPLETWO BLADED, DOtJN_IND

80 FT DIAM. TEETERING ROTOR

ALENTH ALPHAO BETAO

6.790000000qE+00 -4.0000000000E+O0 7.0000000000E+O0

BLSHNK BLTIP CHI

8.0000000000E-01 3.8000000000E+01 O.O0000OOO00E+O0

CSUBNA DRGFRH HUBHT

1,5000000000E-02 3.2000000000E-03 8.0000000000E+01

NUBRAD ONEGA PHIO

2.000000OOOOE+O0 6.0000000000E+01 1.3000000000E+01

PHIAMP PHIOHG PSIZER

O.O000000000E+O0 O.O000000000E+O0 2.0000000000E+01

SHERXP THETAP THETAT

1.6400000000E-01 4.0000000000E+O0 4.0000000000E+O0

T_JBO TSUBP VHUB

5.0000000000E-02 5.0000000000E-02 3.36_0000000E+01

KS_W NBLADS NSHAPS NPTS

1 2 1 21

DELTA.T= O.OO

UNDSLG= 0.75

HUBMAS= 55.90

HUBDIS= 0._4

BETA1 = O,O0

BETA2 = 0.00

NUHSCN= 100

TIHINC= 0.041_

MSTAT = 2

STA(I)-

2.000E.01 4.000E.01

CLALFA-

O.O000000E+O0 4.6100000E+00 4.7366670E+00 4.778_30E.00

4.8100000E+00 4.FA16670E+O0 4.5675000E+00 4.8912500E+00

4.9150000E+00 4.9387500E+00 4.9500000E+00 4.9500000E+00

5.O000000E+O0 5.1187500E+00 5.1988000E+00 5.1950000E+00

5.1912000E+00 5,1874000E+00 5.1836000E+00 5.1800000E+00

5.2400000E+00

CLMAX -



O.O000000E+O0 1,0300000E*00 1.0933330E*00 1.1283330E+00
1.1600000E+00 1,191D670E+O0 1.2175000E+00 1.2417..500E+00
1,2650000E+00 1,2887500E+00 1.3500000E+00 1.4450000E+00

1.5200000E.00 1,5675000E+00 1.6000000E+00 1.6000000E+00
1.6000000E+00 1.6000000E+00 1,6000000E+00 1.6000000E+00
1,6000000E+00

CDZERO-

O.O000000E+O0 8.3000000E-03 8.3000000E-03 8,3000000E-03
8.3000000E-03 8.3000000E-03 8.3000000E-03 8.3000000E*03
8.3000000E-03 8.3000000E-03 8.3000000E-03 8.3000000E-03

8.3000000E-03 8.3000000E-03 8.3000000E-03 8,3000000E-03
8.3000000E-03 8.3000000E-03 8.3000000E-03 8,3000000E-03
8.3000000E-03

CHORD"

1.0000000E+O0 2.1580000E+00 2.3163330E+00 2.4981830E+00
2.6828000E+00 2.8674160E+00 2.8369000E+00 2.7295500E+00

2.6222010E+00 2.5148510E+00 2.4075010E+00 2.3001500E+00
2.1928000E+00 2.0854.490E+00 1,9848790E+00 1,8989990E+00
1,8131190E+00 1.7272390E+00 1.6413590E+00 1,5545000E+00
1.3330000E+00

ECNTFN-

O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O,O000000E+O0
O.O000000E+O0

ESUBAC-

O.O000000E+O0 O,O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E*O0 O,O000000E+O0
O.O000000E+O0 O.O000000E+O0 O,O000000E+O0 O.O000000E+O0
O.O000000E.O0 O,O000000E+O0 O.O000000E+O0 O.O000000E+O0

O.O000000E+O0 O.O000000E.O0 O.O000000E+O0 O.O000000E+O0
O,O000000E+O0

THETAO-

1.3962630E-01 7.03367"70E-02 7.1442140E-02 7,2053010E-02
7.2605690E-02 7.3158380E-02 7.5136420E-02 7.7623500E-02
8.0110590E-02 8.2597690E-02 8.5521120E-02 8.8837260E-02

9.3200590E-02 9.9003830E-02 1.0496420E-01 1.1126480E-01
1.1?56550E-01 1.2386610E-01 1,3016670E-01 1.3700830E-01
1,3962630E-01

CKBEND-

O.O000000E+O0 O.O000000E.O0 O.O000000E+O0 O.O000000E+O0

OoO000000E+O0 1o0083390E+02 O.O000000E+O0 -4.0322250E+00
O.O000000E+O0 O.O000000E+O0 1,2041450E+02 O,O000000E+O0
O.O000000E+O0 -4.0322250E+00 O.O000000E+O0 2.8433650E+01

CKTOMG-

5.1083540E+00 O.O000000E+O0 1.1354120E-01 O.O000000E+O0
O.O000000E+O0 9.4809340E-01 O.O000000E+O0 1.0213810E-01

1.1354120E-01 O.O000000E+O0 6.2326250E-01 O,O000000E+O0
O.O000000E+O0 1.0213810E-01 O.O000000E+O0 7.14250_E-02

CKTGRV-

A-8



O,O000000E+O0 5.1426520E-02 O.O000000E+O0 -7,1287'890E-03
5.1426520E-02 O.O000000E+O0 1.4469950E-02 O.O000000E+O0
O.O000000E+O0 1.4469950E-02 O.O000000E+O0 4,9755630E-03

-7.1287890E-03 O.O000000E+O0 4.9755630E-03 O,O000000E+O0

CKQLOO-
O.O000000E+O0 O,O000000E+O0 O.O000000E+O0 O.O000000E+O0
O,O000000E+O0 O.O000000E+O0 O,O000000E+O0 O.O000000E+O0

O.O000000E+O0 O.O000000E+O0 O,O000000E+O0 O,O000000E+O0
O,O000000E+O0 O.O000000E.O0 O.O000000E+O0 O.O000000E+O0

CHHASS-

5.6169610E+00 O.O000000E+O0 -3.9048480E-07 O.O000000E+O0
O.0000000E+O0 5,7911190E-01 O,O000000E+O0 4.1807690E-07

-3.9048480E-07 O.O000000E+O0 1.6048230E-01 . O.O000000E+O0

O.O000000E+OO 4.1807690E-07 O.O000000E+O0 1.2199980E-02

CKTCRL(1,K,L)-
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E.O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O,O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

O.O000000E.O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

CKTCRL(2,K,L)-
3.6609590E-02 O.O000000E+O0 3.9628800E-03 O.O000000E+O0
O.O000000E+O0 9.3012170E-03 O.O000000E+O0 1.3157830E-03
3.9628800E-03 O.O000000E+O0 5.7625750E-03 O.O000000E.O0
O.O000000E+O0 1.3157830E-03 O.O000000E+O0 6.7067570E-0_

CKTCRL(3,K,L)-
O.O000000E+O0 3.4063490E-03 O.O000000E+O0 8.4122110E-04
3.4063490E-03 O.O000000E+O0 2.425_40E-03 O,O000000E+O0

O.O000000E+O0 2.4253_0E-03 O.O000000E+O0 5.1626760E-04
8.4122110E-04 O.O000000E+O0 5.1626760E-04 O.O000000E+O0

cICrCRI.(4,K,L)-
"2.2678710E-03 O.O000000E_O0 7.6378460E-04 O.O000000E+O0

0.0000000E+00 2.8308130E-04 O.O000000E+O0 1.4827730E-04

7.6378460E-04 O.O000000E+O0 1.3073090E-04 O.O000000E+O0
O.O000000E+O0 1.4827730E-04 O.O000000E+O0 1.5741480E-05

CNRIGO-

O.O000000E+O0 6.4966190E+01 O.O000000E+O0 -4.2173530E+00

CNRGO1-

2.2779000E+02 O.O000000E+O0 2.3999150E-01 O.O000000E+O0

CNBLNC-

O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

CNGRAV-

O.O000000E+O0 2.1128080E+00 O,O000000E+O0 -2.8395860E-01

CHGRV1-

1.0081S80E+01 O.O000000E+O0 -8.0574100E-01 O.O000000E+O0

CNHUB1-

9.0235100E-01 O.O000000E.O0 O.O000000E+O0 O.O000000E+O0

KOST[F-



O.O000000E+O0 O,O000000E+O0 O.O000UOOE+O0 O,O000000E+O0

KISTIF-
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O,O000000E+O0

K2STIF-

O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

DAMP -

O,O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

TCORLS(IeX)*
I. OOBISOOE*01 9.8663750E+00 9.5392470E+00 9, i ?.38200E+00
8. F,_B83§OE+00 B. I051190E+00 ?.5394350E+00 6.9500780E+00

6.3529620E+00 5.7644290E+00 5.1990590E+00 4.6630750E+00
4.1681130E+00 3.7192550E+00 3.3237990E+00 2.9484800E+00
2.5839090E+00 2.2341860E+00 1.9033940E+00 1.5639160E+00
O.O000000E+O0

TCORLS(Z,I)-
2.1128270E+00 2.1123900E+00 2.1090430E+00 2.09_7130E+00
2.0819000E+00 2.0540900E+00 2.0154400E+00 1.9650790E+00

1.9030750E+00 1.8301280E+00 1.7474600E+00 1.6558360E+00
1.5577070E+00 1.4553350E+00 '1.3524730E+00 1.2420960E+00
1.1222B20E+O0 9.9525940E-01 8.6397670E-01 7.1791740E-01
O.O000000E+O0

TCORLS(3,1)-
-8.0570250E-01 -7.5057150E*01 -6,6788760E- 01 -5.6368380E-01
-4.4274570E-01 -3.1122080E-01 -1.7522270E-01 -3.9570120E-02

8.8817760E-02 2.0339000E-01 2.9907120E-01 3.736_30E-01
4.2563970E-01 4.5608210E-01 4,6731410E-01 4.6262870E-01

4.4329790E-01 4.1091280E-01 3,6778800E-01 3,1100700E-01
O,O000000E+O0

TCORLS(4,1)-
-2.8395640E-01 -2.8348530E-01 -2.8069860E-01 -2.7412010E-01
-2.6258720E-01 -2.45283_U_-01 -2.2179010E-01 -1.9201140E-01
-1.569TE90E-01 -1.1860560E-01 -7.9414780E-02 -4.16537_,0E-02

-7.8960160E-03 2.0126780E-02 4.1191160E-02 5.6578030E-02
6.67.37"Z90E-02 6.9901270E-02 6.7864180E-02 5.9955730E-OZ
O.O000000E+O0

TGRAV-

2.6713120E+01 2.3788780E+01 2.1080OBOE+01 1.8609220E+01
1.6357350E+01 1.4324270E+01 1.2497370E+01 1.08_6_0E+01

9._120E+00 8.0567000E+00 6.9181700E+00 5.9310100E+00
5.0908870E+00 4.3842720E+00 3.8037450E+00 3.2878390E+00

2.8163650E+00 2.38937.30E+00 2.0067140E+00 1.6_45970E+00
O.O000000E*O0

ToMr,_-

4.0749t,_OE+O2 3,9888_0E+02 3.857'8960E+02 3.6914690E+02
3.4970350E+02 3.2828990E+02 3.05574_0E+02 2.B188530E+02

2.5785960E+02 2.3415240E+02 2.1135070E+02 1,8970650E+02
1.6969250E+02 1.5151820E+02 1.3548/._0E+02 1.2024650E+02

1.0542580E+02 9.1191170E+01 7.7711350E+0'1 6.3862130E+01
O.O000000E+O0

ClFRO_(I,I)-

A-10



O.O000000E+O0 O.O000000E+O0 O,O000000E.O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O,O000000E+O0 O.O000000E+O0

O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O,O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0

CIFHOM(2,1)"
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O,O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

O,O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E.O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0

ClFMC_4(3,1)-
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000ff+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 ' O.O000000E+O0 O.O000000E+O0

O.O000000E+O0

ClFt_:_t(4,I)-
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O,O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

O.O000000E+O0 O.O000000E+O0 O.O000000E+OO O.O000000E+O0
O.O000000E+O0

DELTIM-
O.O000000E+O0 O.O000000E.O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 Q.OOOOOOOE+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0

OFF_e_,So
O.O000000E+O0 O.O000000E.O0 O,O000000E+O0 O,O000000E+O0
O.O000000E+O0 O.O000000E+O0 O,O000000E+O0 O.O000000E+O0

O.O000000E+O0 O.O000000E+O0 O,O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0

O.O000000E+O0
0.499915E*01 0.000000 -0.128996E-01 0.000000

0.97/,#_51E-01 0.479990E-03 -0.247922E-01 -0.470760E-03
0.14l+827 0.226373E-02 *0.364379E-01 -0.172893E-02
0.192138 0.560398E-02 -0.480T59E-01 -0.376290E-02

0.239369 0.105679E-01 -0.594390E-01 -0.668386E-02
0.286509 0.171897E-01 -0.699322E-01 -0.105695E-01
0.333544 O.Z55666E-01 -0.787526E-01 -0.153675E-01

0.380458 0.359055E-01 -0.850203E-01 -0.208500E-01
0.427239 0.485312E-01 -0,878786E-01 -0.266104E-01

0.473877 0.638611E-01 -0.865778E-01 -0,320938E-01
0.520367 0,87-3587E-01 -0,805395E-01 -0.366515E-01
0.566707 0.104471 -0.694031E-01 -0.396127E-01
0.612903 0.130561 -0.530526E-01 -0.403623E-01
0.658964 0.160841 -0.316252E-01 -0.384173E-01

A-11

-



0.704903 0.195319 "0.550104E-02 -0.334936E-01
0.750740 0.233762 0.247261E-01 -0.255528E-01
0.796495 0.275687 0.582962E-01 -0.168218E-01
0.842191 0.320391 0.943502E-01 -0.177524E-02

0.887848 0.5670 ?..3 0.132015 0.129271E-01
0.933486 0.414711 O.170507 O.285568E-01
0.979118, 0.462746 0.209258 0.444972E'01

0.249957E-01 0.000000 -0.644979E-02 0.000000
0.249564E-01 0.560284E-03 "0.614713E-02 -0.466659E-03
0.249195E-01 0.133761E-02 "0.613075E-02 -0.858673E-03
0.248804E-01 0.218301E-02 -0.609334E-02 -0.129346E-02

0.248359E-01 0.304435E-02 -0.581596E-02 -0.178889E-02
0.247841E-01 0.393412E-02 "0.515822E-02 -0.229707E-02
0._47245E-01 0.490171E-02 -0.404835E-02 -0.273349E-02
0.246576E-01 0.601012E-02 -0.247334E-02 -0.300163E-02

0.245847E-01 0.731711E-02 -0.469084E-03 -0.301281E-02

0.245076E-01 0.886087E-02 O.188952E-02 -0.270159E-02
0.244289E-01 0.106501E-01 0.449843E-02 -0.203648E-02

0.243511E-01 0.126585E-(_11 0.723435E-02 -0.102597E-02
0.242770E-01 O.148238E-01 0.996460E-02 0.279918E-03
0.242092E-01 0.170511E-01 O.125570E-01 0.179279E-02
0.241500E-01 O.192212E-01 0.148897E-01 0.339361E-02

0.241012E-01 0.212022E-01 0.168611E-01 0.494507E-02
0.240640E-01 0,228670E-01 0.183998E-01 0.630857E-02
0.240384E-01 0.241143E-01 O.194743E-01 0.736578E-02
0.240_6E-01 0.248943E-01 0.201031E-01 0.804484E-02

0.240176E-01 0.257..389E-01 0.203642E-01 0.835122E-OZ
0.240166E-01 0.252963E-01 0.204055E-01 0.840306E-02
0,000000 O.195118E-03 0.30127.0E-03 -0.302912E-03
0.000000 0.370241E-03 0.528635E-04 -0,210331E-03

0.000000 0,435249E-03 -0.875183E-05 -0,212279E-03
0.000000 0.450356E-03 0,672519E-04 -0.246663E-03
0.000000 0.457658E-03 0.236950E-03 -0.270386E-03

0.000000 0.483482E-03 0.461618E-03 -0.256911E-03
0,000000 O,540726E-03 O.707726E-03 -O.1938J',2E"03
0.000000 0.631208E-03 0,946945E-03 -0.804900E-04
0.000000 0. 748010E-03 O.115614E-02 0.745562E-04

0.000000 0.877819E-03 O.131739E-02 0.255854E-03
0.000000 0.100328E"02 0.141794E-02 0.443537E-03
0.000000 O.110532E-02 O.145026E-02 0.615745E-03

0.000000 O.116554E-02 O.141201Eu02 0.751052E-03
0.000000 O.116849E-02 O.130605E-02 0.830892E-03
0.000000 O.110407E-02 O.114043E-02 0.841988E-03
O.000000 0.969868E-03 0.928408E-03 0.778785E-03

0,000000 0.773475E-03 0.688436E-03 0.645870E-03
0.000000 O.534854E-03 0.444163E-03 0,460409E-03
O.000000 O.288682E-03 O.Z24436E-03 0.254567E"03

0.000G00 0.866866E- 04 0.633004E-04 0.779450E-04
0.000000 0.247582E-13 O,170329E"13 0,226193E-13
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Appendix B

Module 2 Interactive Run Listing
and Output Files



ProgramFor AnalysisOf HorizontalAxis WindTurbine

Response To Dynamto Loads

MODULE2

OperationsMenu
. .... ..........

(R)ead in a data file

($)et up and run the model
(D)iagnostic run
(T)urbulence run
(Q)uit

Enter Option (R,S,D,T,Q) >
R

Enter the nam_ of the file that contains run-data >
RUNB.DAT

Reading in new data...done.
Analyzing a teetering hub.

Operations Menu

(R)ead in a data file

($)et up and run the model
(D)iagnosttc run
(T)urb_Jlence run
(Q)uit

Enter Option (R,S,D,T,Q) >
S

Current values for the ,free _ variables:

1 ALENTH= 6.7900 feet 12 PHIAMP= 0.0000 degrees
2 ALPflAO= -4.0000 degrees 13 PHIOMG= 0.0000 degrees/sec
3 BETAO = 7.0000 degrees 14 PSISttD = 180.0000 degrees

4 CHI = 0.0000 degrees 15 PS%ZER= 20.0000 degrees
5 GRAV = 32.1740 feet/sec^2 16 RHOAIR= 0.0020 Slugs/feet^3
6 HUBHT = 80.0000 feet 17 SHERXP= 0.1640

7 KSHAD_= 1 18 THETAP= 2.0000 degrees
8 NBLADS= 2 19 THETAT= 4.0000 degrees
9 NBHAPS= 1 20 TSUBO = 0.0500

10 OMEGA= 60.0000 RPM 21 TSUBP = 0.0500

11 PHIO = 15.0000 degrees 22 VHUB = 33.6400 feet/second
23 BETA1 = 0.0000 degrees 24 BETA2 = 0.0000 degrees
25 TIMINC= 0.041660 sec 26 NUMSCN= 100

Would you like to change any values? (Y,_N) >
Y

Enter the number of the variable you would Like
to change (1-26) >

9

Enter new INTEGERvalue for NSHAPS•
2



Current Values for the _free I variables=

1 ALENTH= 6.7900 feet 12 PHIAHP= 0,0000 degrees
2 ALPHAO= _4,0000 degrees 13 PHIOMG= 0,0000 degrees/sec

3 BETAO = 7.0000 degrees 14 PSISHD= 180.0000 degrees
4 CHI = 0,0000 degrees 15 PSlZER = 20.0000 degrees
5 QRAV = 32.1740 feet/see^2 16 RHOA]R= 0.0020 SLugs/feet ^)
6 HUBItT = 80.0000 feet 17 SHERXP= 0.1640

7 KSHADW= 1 18 THETAP= 2.0000 degrees
B NBLADS= 2 19 THETAT= 4.0000 degrees
9 NSHAPS= 2 20 TSUBO = 0.0500

10 ONEQA= 60.0000 RPH 21 TSUBP = 0°0500

11 PH10 = 13.0000 degrees 22 VHUB = 33.5400 feet/second
23 BETA1 = 0.0000 degrees 24 BETA2 = 0.0000 degrees
25 TIMINC = 0.041660 sec 26 NUHSCN= 100

would you Like to change any values? (Y,=N) >
N

The currentvaluesof the run parametersare:

I STEPHX= I0.000degrees MaximumStep Size

2 STEPMN= 0,001degrees HinlmumStepSize

] PRINT1 = 10.000 degrees Printout Interval tn Region 1

4 PRINT2 = 10,000 degrees Printout Interval in Region 2
5 BEGIN2= 180,000 degrees Beginning of Print Region 2
6 END2 = 270.000 degrees End of Print Region 2

7 EUERR = 10,000 percent Max value of Euter error functton
8 TRMERR= 10.000 percent Convergence Criterion for Trtm Solution

9 NYAW = 0 No. of Disk Revolutions for Yawing soln.
10 TRACEF= .FALSE. Trace Flag

Do you want to change any of these values? (Y,=N) >
Y

Enter number of variable you wish to change •
1

Enter new REALvalue for STEPMX>
5.00000

The current values of the run parameters are:

1 STEPHX= 5.000 degrees MaximumStep Size
2 STEPHN= 0.001 degrees Hinimum Step Stze
3 PRINT1 = 10,000 degrees Printout Interval in Re9ion 1

4 PRINT2= 10.000 degrees Printout Interval in Region 2
5 BEGIN2= 180.000 degrees Beginning of Prtnt Region 2
6 END2 = 270.000 degrees End of Print Region 2

7 EUERR = 10.000 percent Max value of Euler' error function

8 TRMERR= 10.000 percent ConvergenceCriterion for Trim SoLutfon
9 HYAg = 0 No. of Disk Revolutions for Yawing Soln.

10 TRACEF= ,FALSE, Trace FLag

Do you want to change any of these values? (Y,=N) >
Y

Enter number of variable you wtsh to change >
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Enternew REALvaluefor EUERR>

5.00000

The current values of the run parameters are=

1 STEPMX= 5.000 degrees Maxtn_JrnStep Size
2 STEPMN= 0.001 degrees Minimum Step Size
] PRINT1= 10.000 degrees Printout Interval in Region 1
4 PRINT2= 10.000 degrees Printout Interval in Region 2

5 BEGIN2= 180.000 degrees Beginning of Print Region 2
6 END2 = 270.000 degrees End of Print Region 2
7 EUERR= 5.000 percent Max value of Euler error function
8 TRMERR= 10.000 percent Convergence Criterion for Trim Solution
9 NYAW = 0 No. of Disk Revolutions for Yawing Soln.

10 TRACEF= .FALSE, Trace FLag

Do you want to changeany of these values? (Y,=N) >
Y

Enter n_Jnberof variable you wish to change >
B

Enter new REALvalue for TRMERR>
5.00000

The currentvaluesof the run parametersare:

1 STEPMX= 5.000 degrees Maxtn_JmStep Size
2 STEPMN= 0.001 degrees Mintmun Step Size
] PRINT1= 10.000 degrees Printout Interval in Region 1

4 PRINT2= 10.000 degrees Printout Interval in Region 2
5 BEGIN2= 180.000 degrees Beginning of Print Region 2
6 END2 = 270.000 degrees End of Print Region 2

7 EUERR= 5.000 percent Max value of Euler error function
8 TRMERR= 5.000 percent Convergence Criterion for Trim Solution
9 NYAW = 0 No. of Disk Revolutions for Yawing Soln.

10 TRACEF= .FALSE. Trace Flag

Do you want to changeany of these values? (Y,=N) >
N

Prockct of CM_L_SBpremultiplted by its inverse:

1.0000000 0.0000000

0.0000000 1.0000000

Are you reac_/ to run the m<xJel?(=Y,N) >
Y

Enter naine of results file [=RESULTS.DAT]>

>>> File already exists <<<

Do you want to overwrite the old data? (Y,N) >
Y

Do you want to input your ownvalues for the
intttal modal deflections, or do you want

SUBROUTINESTRTUPto calculate values for you?
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If you want to inputyour oWn then inputa "Y"

orla"y", If you wantSUB STRTUPto do it

inputan "N" or an "n" >
Y

Read 'tn SO(l) and SO(2) <
(ali must be nonzero)
-0,100000

1.00000

Trimtest#01 completed. The trim oondJtlonwas not satisfied.

Trim test #02 aompleted. The trim oonditton was not satisfied.

Trim test #03 oompLeted. The trim oondltlonWassatisfied.

Doyou want to perform fourier analysis of
any of the results data? <
Y

Read in the result data item #

that you want analyzed <

I = fLapwise dtspLaoe_m.=nt
2 = flapw_se slope
3 = flapwtse segment veLooity
4 = blade tension

5 = blade edgewise shear

5 = b_,adefLapwtse shear
7 = blade fLapwtse moment
8 .--blade edgewtse moment
9 = blade torsional moment

7

Read Jn the highest order harmonic desired <

The highest order possible ts lOP <
10

Do you want to perform fourfer analysis of
any of the results data? <
N

Read in nanmof shaft toads output file <
SHAFTB.DAT

Do you want to do another run with this data? (Y,=N) >
N

Oporatt ons Henu
...... .....=...

(R)ead tn a data file

(S)et up and run the model
(D)Jagnostt(: run
(T)urbulence run
(Q)uit

EnterOption (R,S,D,T,Q)>
T

TurbulenceAnalysisRun Set-up

Read in the name of the wlnd residualtlme serlesfile

W]ND-2B.OAT



Is the wind data tn mtrta units (raters/sea)?
Y

Read in tile nameof the _4Le for Loadsout:put
t_JrbLodb.dat

OperatIonsMenu

(R)ead in _ data ftLe

(_)et tJpand run the nlode_
(D)lagnost lo run
(T)urbuLenoerun

(Q)ult

Enter Optton (R+S_DsT_Q)>
N

Invalidresponse+ Ptease try agatn.

EnterOption (R,SsDtT+Q)>
Q

BTRAPterm|natednormaLLy.
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AnaLysts of Wtnd Turbfne BLade Loads
National RenewabLeEnergy Laboratory

TURBN.DAT

DA_A INPUTFORTHE E,vjsJ_PLETWOBLADED,DOWNWIND

80 FT DIN_, TEETERINGROTOR

Teetering Rotor

Run Para_neters, blade data and maohtne data used in thts analysts=

ALENTH= 6.790 feet HUBR.AJ)= 2,000 feet TSUBP = 0.050
ALPHAO= -4.000 degrees OMEGA = 60.000 RPM TSUBO = 0,050
BETAO = 7.000 degrees PHIAMP= 0.000 degrees THETAP= 2.000 degrees
BLSHNK= O.BO0 feet PHIOMQ= 0.000 degrees/see THETAT= 4,000 degrees
BLTIP = 38.000 feet PHIO = 13,000 degrees TRMERR= 5.000 percent
CHI = 0.000 degrees PSIZER= 20.000 degrees VHUB = 33.640 feet/seeond
CSUBMA= 0.015 RHOAIR= 0,002 slugs/ft^3 DELT3 = 0.000 degrees
DRQFRM• 0.003 SHERXP= 0.164 UNDSLG= 0.750 feet
EUERR = 5.000 peroent STEPMX= 5.000 degrees HUBMAS= 55,900 lb-s**2/ft
HUBHT = 80.000 feet STEPMN= 0.001 degrees HUBD]S= 0.240 feet

KSFIADW= 1 NBLADS= 2 NSHAPS= 2 NYAW = 0

PSl = (bEG.) TEETER= (DEG.)
0 0,176374

10 0,255745
20 0.330059
30 0.391605
40 0.438567
50 0.470043
60 0.485653
70 0.485604
8O 0.470307
90 0.440561
100 0.397677
110 0.343343
120 0.279586
130 0,20_52
140 0,132973
150 0.549818E-01
160 -0.228706E-01
170 -0.987628E-01
180 -0.1756_
190 -0.255478
200 -0.330069
210 -0,391889
220 -0.439118
230 -0,470846
240 -0.486650
250 -0.486653
260 -0.471269
270 -0.441435
280 -0.398463
290 -0.:_4029
300 -0.280170
310 -0.209148
320 -0,133361
330 -0.552660E-01
340 0.227006E-01
350 0,986932E-01
360 0.175716
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( DEO.)TeeteP Damlc::_rLoad. (ft-rb)
0 0.000000

10 0,000000
20 0.000000
30 0,000000
40 0.000000
SO 0.000000
60 0.000000
70 0.000000
80 0.000000
90 0,000000
100 O.OOOO00
110 0.000000
120 0.000000
130 0.000000
140 0.000000
150 0.000000
160 0.000000
170 0.000000
180 0.000000
190 0,000000
200 0.000000
2t0 0.000000
220 0.000000
230 0.000000
240 0.000000
250 0.000000
260 0,000000
270 0.000000
280 0.000000
290 0,000000
300 0.000000
310 0.000000
320 0.000000
330 0.000000
340 0.000000
350 0.000000
360 0.000000



Blade section flap displacement ( feet ) Trim

Psi Time Phi Phi-D Phi-DD X / R

deg sec deg deg/s deg/s^2 ,0 .1 .2 .3 .4 .5 .6 ,7 .8

0 0,00 13,0 0,00 0,00 6.15E-3 1.91E-2 3.52E-2 5.50E-2 7,91E-2 0,11 0.15 L).19 0,25
10 0,00 13.0 0,00 0,00 8.92E-3 2,70E-2 4,82E-2 7.28E-2 0,10 0,14 0.18 0,23 0,29
20 0.00 13.0 0.00 0,00 1.15E-2 3.45E-2 6.04E-2 8.96E-2 0.12 0,16 0.21 0,26 0,32
30 0.00 13.0 0.00 0.00 1.37E-2 4.07E-2 7.07E-2 0.10 0.14 0,,18 0.23 0.29 0.36
40 0.00 13.0 0.00 0.00 1.53E-2 4.55E-2 7.88E-2 0.12 0.16 0.20 0.26 0.32 0.39
50 0.00 13.0 0_00 0.00 1.64E-2 4.88E-2 8.45E-2 0.12 0.17 0.22 0.27 0.34 0.42
60 0.00 13.0 0.00 0.00 1.69E-2 5.05E-2 8.76E-2 0.13 0.17 0.23 0.29 0.36 0.44
70 0.00 13.0 0.00 0.00 1.69E-2 5.06E-2 8.80E-2 0.13 0.18 0.23 0.29 0.37 0.45
80 0.00 13.0 0,00 0.00 1,64E-2 4,91E-2 8.59E-2 0.13 0,17 0,23 0.29 0,37 0,45
90 0.00 13.0 0.00 0.00 1.54E-2 4.61E-2 8.12E-2 0.12 0.17 0.22 0.28 0.36 0.44
100 0.00 13.0 0.00 0.00 1.39E-2 4.18E-2 7.41E-2 0.11 0.15 0.20 0.27 0.34 0.42
110 0,00 13.0 0.00 0.00 1,20E-2 3.63E-2 6.50E-2 9.84E-2 0.14 0.18 0,24 0,31 0,39
120 0,00 13.0 0,00 0.00 9.75E=3 2.98E-2 5.41E-2 8,31E-2 0.12 0,1.6 0,21 0,27 0,35
130 0.00 13.0 0.00 0.00 7.28E-3 2.26E-2 4,20E-2 6,58E-2 9.50E-2 0,13 0,18 0,23 0.30
140 0.00 13.0 0,00 0.00 4,64E-3 1.49E-2 2.90E-2 4.74E..2 7,09E-2 0.10 0,14 0,19 0.25
150 0.00 13.0 0,00 0.00 1.92E-3 6.94E-3 1,57E-2 2.84E-2 4,61E-2 7,0_iE-2 0.10 0,15 0,20
160 0.00 13.0 0.00 0.00 -7.98E-4 -9,83E-4 2.38E-3 9,68E-3 2,17E-2 4.00E-2 6,68E-2 0,10 0,15
170 0.00 13.0 0.00 0.00 -3,44E-3 -8.69E-3 -1.05E-2 -8.45E-3 -1.85E-3 1.10E-2 3,20E-2 6,25E-2 0,10
180 0.00 13.0 0,00 0.00 -6.13E-3 -1.65E-2 -2,35E-2 -2,69E-2 -2,58E-2 -1,86E-2 -3.53E-3 2,07E-2 5,35E-2
190 0.00 13.0 0.00 0,00 -8,91E-3 -2.46E_2 -3,72E-2 -4.61E-2 -5.09E-2 -4,99E-2 -4,13E-2 -2.40E-2 1,54E-3
200 0.00 13,0 0.00 0,00 -1.15E-2 -3,22E-2 -4.98E-2 -6.40E-2 -7.41E-2 -7,86E-2 -7.57E-2 -6,45E-2 -4,53E-2
210 0,00 13.0 0,00 0.00 -1,37E-2 -3,85E-2 -6,01E-2 -7,83E-2 -9,24E-2 -0,10 -0,10 -9,44E-2 -7,90E-2
220 0,00 13,0 0,00 0.00 -1.53E-2 -4.32E-2 -6.78E-2 -8,87E-2 -0,11 -0.12 -0,12 -0oll -9,89E-2
230 0,00 13.0 0.00 0.00 -1.64E-2 -4.63E-2 -7.27E-2 -'9.51E-2 -0,11 -0,12 -0,13 -0,12 -0.11
240 0o00 13,0 0,00 0.00 -1.70E-2 -4,78E-2 -7,48E-2 -9.76E-2 -0,12 -0.13 -0,13 -0_12 -0,10
250 0_00 13.0 0,00 0.00 -1.70E-2 -4.77E-2 -7.43E-2 -9.65E-2 -0.11 -0.12 -0,12 -0,11 -8,94E-2
260 0.00 13,0 0.00 0,00 -1°64E-2 -4.60E-2 -7.14E-2 -9.19E-2 -0,11 -0.11 -0,11 -9,61E-2 -7,04E-2
270 0.00 13,0 0.00 0.00 -1.54E-2 -4,30E-2 -6.61E-2 -8,43E-2 -9,67E-2 -0,10 -9,48E-2 -7,65E-2 -4.69E-2
280 0.00 13.0 0.00 0,00 -1,39E-2 -3,86E-2 -5.88E-2 -7.41E-2 -8,34E-2 -8,46F-2 -7,52E-2 -5,36E-2 -2,04E-2
290 0,00 13,0 0.00 0.00 -1,20E-2 -3.31E-2 -4.98E-2 -6.16E-2 -6,75E-2 -6.53E-2 -5,27E-2 -2.80E-2 8,18E-3
300 0.00 13,0 0,00 0,00 =9,77E-3 -2,67E-2 -3,9_E-2 -4_72E-2 -4.93E-2 -4.37E-2 -2,79E-2 -2,83E-4 3,84E-2
310 0.00 13.0 0.00 0,00 -7,29E-3 -1,96E-2 -2.7'8E-2 -3,14E-2 -2.95E-2 -2.03E-2 -1,19E-3 2,92E-2 7.01E-2
320 0,00 13.0 0,00 0.00 -4,65E-3 -1,20E-2 -1,55E-2 -1.46E-2 -8.51E-3 4,61E-3 :_,70E-2 6.02E-2 0.10
330 0,00 13,0 0.00 0.00 -1,93E-3 -4.20E-3 -2.75E-3 2.81E-3 1,33E-2 3,04E-2 5,64E-2 9,25E-2 0,14
340 0,00 13,0 0.00 0,00 7.92E-4 3.62E-3 1,00E-2 2.03E-2 3,53E-2 5.66E-2 8,64E-2 0,13 0,17
350 0.00 13.0 0,00 0.00 3.44E-3 1,13E-2 2,25E-2 3.75E-2 5,70E-2 8.27E-2 0,12 0,16 0,21
360 0.00 13,0 0,00 0.00 6.13E-3 1.90E-2 3.51E-2 5,49E-2 7.90E-2 0,11 0,15 0.19 0.25

:=
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Blade section flap_ise slope ( feet/foot ) Trim

Psi Time Phi Phi-D Phi-DD X / R
............................. .... ..................................................... .... ........ ..... .........._

deg sec deg deg/s deg/s^2 .0 .1 .2 .3 .4 .5 .6 .7 .8

0 0.00 13.0 0.00 0.00 3.08E-3 3.80E-3 4.72E-3 5.72E-3 7.03E-3 8.83E-3 1.11E-2 1.35E-2 1.55E-2
10 0.00 13.0 0.00 0.00 4.&6E-3 5.14E-3 6.01E-3 6,96E-3 8,19E-3 9.89E-3 1.20E-2 1.43E-2 1.62E-2
20 0.00 13.0 0.00 0.00 5.76E-3 6.41E-3 7.24E-3 8,15E-3 9.32E-3 1.10E-2 1,30E-2 1.52E-2 1.70E-2
30 0.00 13.0 0.00 0.00 6.83E-3 7,48E-3 8.32E-3 9.22E-3 1.04E-2 1.20E-2 1.41E-2 1.63E-2 1.81E-2
40 0,00 13.0 0.00 0,00 7.65E-3 8.33E-3 9,20E-3 1.01E-2 1.14E-2 1.31E-2 1.52E-2 1.75E-2 1.94E-2
50 0.00 13.0 0.00 0.00 8.20E-3 8.93E-3 9.87E-3 1.09E-2 1.22E-2 1.40E-2 1.63E-2 1.88E-2 2.08E-2
60 0.00 13.0 0,00 0.00 8.47E-3 9.26E-3 1.03E-2 1.14E-2 1.28E-2 1.48E-2 1.73E-2 1.99E-2 2.21E-2
70 0.00 13.0 0.00 0.00 8.47E-3 9.32E-3 1.04E-2 1.16E-2 1.31E-2 1.53E-2 1.80E-2 2.08E-2 2.32E-2
80 0.00 13.0 0.00 0.00 8.20E-3 9.11E-3 1.03E-2 1.15E-2 1,32E-2 1.54E-2 1.83E-2 2.13E-2 2.38E-2
90 0,00 13.0 0.00 0.00 7.68E-3 8.62E-3 9.83E-3 1.11E-2 1.28E-2 1.52E-2 1.81E-2 2.13E-2 2.39E-2

100 0.00 13.0 0.00 0.00 6.94E-3 7.89E-3 9.11E-3 1.04E-2 1.22E-2 1.45E-2 1.75E-2 2.07E-2 2.34E-2
110 0,00 13.0 0.00 0.00 5.99E-3 6,94E-3 8.15E-3 9,47E-3 1.12E-2 1,36E-2 1.65E-2 1.97E-2 2.23E-2
120 0.00 13.0 0.00 0.00 4.88E-3 5.80E-3 6.99E-3 8.27E-3 9,95E-3 1.23E-2 1.52E-2 1.82E-2 2.08E-2
130 0.00 13.0 0.00 0.00 3.64E-3 4.53E-3 5.67E-3 6.91E-3 8.52E-3 1.07E-2 1.35E-2 1.65E-2 1.89E-2
140 0.00 13,0 0.00 0.00 2.32E-3 3.17E-3 4.26E-3 5.45E-3 6.99E-3 9.12E-3 1.18E-2 1.46E-2 1.69E-2
150 0.00 13.0 0.00 0.00 9.59E-4 1.77E-3 2.82E-3 3.95E-3 5.42E-3 7.46E-3 1.00E-2 1.27E-2 1.49E-2
160 0.00 13.0 0.00 0.00 -3.99E-4 3.87E-4 1.39E-3 2.48E-3 3.90E-3 5.86E-3 8.31E-3 1.09E-2 1.30E-2
170 0.00 13,0 0.00 0.00 -1.72E-3 -9.57E-4 1.93E-5 1.08E-3 2.47'E-3 4.37E-3 6.75E-3 9.26E-3 1.13E-2
180 0.00 13.0 0.00 0.00 -3.06E-3 -2.32E-3 -1,38E-3 -3.43E-4 9.99E-4 2.85E-3 5.15E-3 7.58E-3 9.59E-3
100 0,00 13.0 0.00 0.00 -4.46E-3 -3.75E-3 -2.84E-3 -1.86E-3 -5.73E-4 1.19E-3 3.39E-3 5.70E-3 7.61E-3
200 0.00 13,0 0.00 0.00 -5.76E-3 -5,07E-3 -4.10E-3 -3.24E-3 -2.00E-3 -2.90E-4 1.84E-3 4.07E-3 5.91E-3
210 0.00 13.0 0.00 0.00 -6.83E-3 -6.14E-3 "5.26E-3 -4.29E-3 -3.04E-3 -1.32E-3 8.25E-4 3.07E-3 4.93E-3
220 0.00 13.0 0.00 0.00 -7.06E-3 -6,93E-3 -6.01E-3 -4.99E-3 -3.68E-3 -1.88E-3 3.68E-4 2.72E-3 4.67E-3
230 0.00 13.0 0.00 0.00 -8.21E-3 -7.43E-3 -6.44E-3 -5.35E-3 -3.04E-3 -2.01E-3 3.99E-4 2.92E-3 5.01E-3
240 0.00 13.0 0.00 0.00 -8.49E-3 -7.64E-3 -6.57E-3 -5.40E-3 -3.88E-3 -1.79E-3 8.14E-4 3.54E-3 5.80E-3
250 0.00 13.0 0.00 0.00 ,,8.49E-3 -7.58E-3 -6.43E-3 -5.18E-3 -3.54E-3 -1.30E-3 1.49E-3 4.42E-3 6.84E-3
260 0.00 13.0 0.00 0.00 -8.22E-3 -7.26E-3 -6.05E-3 -4.73E-3 -3.00E-3 -0.35E-4 2.31E-3 5.41E-3 7.97E-3
270 0.00 13.0 0,00 0.00 -7.70E-3 -6.71E-3 -5.46E-3 -4.09E-3 -2.31E-3 1.40E-4 3,10E-3 6.39E-3 9.04E-3
280 0.00 13.0 0.00 0.00 -6.95E-3 -5.95E-3 -4.08E-3 -3,30E-3 -1.50E-3 9.74E-4 4.06E-3 7.30E-3 9,98E-3
290 0.00 13.0 0.00 0.00 -6.00E-3 -5.01E-3 -3.76E-3 -2,30E-3 -6.10E-4 1.84E-3 4.89E-3 8.10E-3 1.08E-2
300 0.00 13.0 0.00 0.00 -4.89E-3 -3.93E-3 -2.71E-3 -1.38E-3 3./+6E-4 2.72E-3 5.69E-3 8.81E-3 1.14E-2
310 0.00 13.0 0.00 0.00 -3.65E-3 -2.73E-3 -1.57E-3 -2.95E-4 1.36E-3 3.63E-3 6.48E-3 9.47E-3 1.19E-2
320 0.00 13.0 0.00 0.00 -2.33E-3 -!,46E-3 -3.51E-4 8.55E-4 2.42E-3 4.58E-3 7.29E-3 1.01E-2 1.25E-2
330 0,00 13.0 0.00 0.00 -9.64E-4 -1.41E-4 9.08E-4 2.05E-3 3.54E-3 5.58E-3 8.15E-3 1.06E-2 1.31E-2
340 0.00 13.0 0.00 0,00 3.96E-4 1.18E-3 2.18E-3 3.27E-3 4.69E-3 6.64E-3 9.09E-3 1.17E-2 1.38E-2
350 0.00 13.0 0.00 0.00 1.72E-3 2.48E-3 3.4AE-3 4,49E-3 5.85E-3 7.74E-3 1.01E-2 1.26E-2 1.47E-2
360 0.00 13.0 0.00 0.00 3.06E-3 3.'F)E-3 4.71E-3 5.72E-3 7.03E-3 8,84E-3 1.11E-2 1.35E-2 1.55E-2

B-10



Btade section flap veLocity ( feet/second ) Tr_m

Psi Time Phi Phi-D Phi-DD X / R
---------------------------------------.-.,.-.--.-...--...................m.......... = .................... =m .......

deg sec deg deg/s deg/s^2 .0 .1 .2 .3 .4 .5 .6 .7 .8

0 0.00 13.0 0.00 0.00 9.86E-2 0.28 0.46 0,63 0.80 0.95 1.1 1.2 1.3
10 0,00 13.0 0.00 0.00 9.87E-2 0.28 0.46 0.63 0.80 0.95 1.1 1.2 1.3
20 0.00 13.0 0.00 0.00 8.59E-2 0.25 0.41 0.57 0.72 0.87 1.0 1.2 1.3
30 0.00 13.0 0.00 0.00 6.84E-2 0.20 0.33 0.47 0.61 0.75 0.90 1.1 1.2
40 0.00 13.0 0.00 0.00 4.94E-2 0.15 0.25 0.36 0.48 0.61 0.76 0.92 1.1
50 0.00 13.0 0.00 0.00 2.96E-2 8.93E-2 0.16 0.24 0.33 0.44 0.57 0.73 0.91
60 0.00 13.0 0.00 0.00 9,66E-3 3.18E-2 6.42E-2 0.11 0.17 0.24 0.34 0.47 0.62
70 0.00 13.0 0.00 0.00 -9.71E-3 -2.46E-2 -3.02E-2 -2.54E-2 -8.16E-3 2.59E-2 8.23E-2 0.16 0.27
80 0.00 13.0 0.00 0.00 ..2.85E-2 -8.00E-2 -0.12 -0.16 -0.19 -0.20 -0.20 -0.18 -0.14
90 0.00 13.0 0.00 0.00 -4.59E-2 -0.13 -0.21 -0.29 -0.36 -0.43 -0.48 -0.53 -0.56

100 0.00 13.0 0.00 0.130 -6.14E-2 -0.18 -0.29 -0.41 -0.52 -0.64 -0.75 -0.86 -0.97
110 0.00 13.0 0.00 0.00 -7.46E-2 -0.22 -0.36 -0.51 -0.66 -0.82 -0.98 -1.1 -1.3
120 0.00 13.0 0.00 0.00 -8.50E-2 -0.25 -0.42 -0.59 -0.77 -0.96 -1.2 -1.4 -1.6
130 0.00 13.0 0.00 0.00 -9.25E-2 -0.27 -0.45 -0.65 -0.84 -1.1 -1.3 -1.5 "1.8
140 0.00 13.0 0.00 0.00 -9.69E-2-0.28 -0.48 -0.68 -0.89 -1.1 -1.3 -1.6 "1.9
150 0.00 13.0 0.00 0,00 -9.83E-2-0.29 -0.48 .,U.68 -0.89 "I.I -1.3 -I,6 -1.9
160 0.00 13.0 0.00 0.00 -9.66E-2-0.28 -0.47 -0.66 -0.86 -1.1 -1.3 -I.5 "I.8
170 0.00 13.0 0.00 0.00 -9.48E-2-0.28 -0.46 -0.65 -0.84 -I.0 -1.2 -1.5 -1.7
180 0.00 13.0 0.00 0.00 -9.91E-2-0.29 -0.48 -0.68 -0.89 -1.1 -I.3 -1.6 -1.8
190 0.00 13.0 0.00 0.00 -9.91E_2-0.29 -0.48 -0.69 -0.89 -1.1 -1.3 -1.6 -1.8
200 0.00 13.0 0.00 0.00 -8.63E-2 -0.25 -0.42 -0.58 -0.75 -0.93 -1.1 -1.3 -1.5
210 0.00 13.0 0.00 0.00 -6.86E-2 -0.20 -0.32 -0.45 -0.56 "0.67 -0.78 -0.87 -0.96
220 0.00 13.0 0.00 0.00 -4.97E-2-0.14 -0.23 -0.30 -0.37 -0.42 -0.46 -0.48 -0.48
230 0.00 13.0 0.00 0.00 -2.99E-2-8._0E-2-0.13 -0.16 -0.18 -0.18 -0.16 -0.12 -4.49E-2
240 0.00 13.0 0.00 0.00 -9.89E-3 -2.48E-2 -2.95E-2 -2.27E-2 -2.32E-3 3.06E-2 0.10 0.19 0.31
250 0.00 13.0 0.00 0.00 9.81E-3 3.19E-2 6.33E-2 0.10 0.16 0.23 0.32 0.44 0.58
260 0.00 13.0 0.00 0.00 2.87E_2 8.57E-2 0.15 0.22 0.30 0.39 0.50 0.63 0.78
270 0.00 13.0 0.00 0.00 4.60E-2 0.13 0.23 0.32 0.42 0.53 0.65 0.77 0.91
280 0.00 13.0 0.00 0.00 6.15E-2 0.18 0.30 0.41 0.53 0.65 0.76 0.88 1.0
290 0.00 13.0 0.00 0.00 7.47E-2 0.22 0.35 0.49 0.62 0.74 0.85 0.96 1.1
300 0.00 13.0 0.00 0.00 8.51E-2 0.24 0.40 0.55 0.69 0.81 0.93 1.0 1.1
310 0.00 13.0 0.00 0.00 9.27E"2 0.27 0.43 0.59 0.74 0.87 0.99 1.1 1.2
320 0.00 13.0 0.00 0.00 9.71E-2 0.28 0.45 0.62 0.77 0.91 1.0 1.1 1.2
330 0.00 13.0 0.00 0.00 9.84E-2 0.28 0.46 0.63 0.79 0.94 1.1 1.2 1.3
340 0.00 13.0 0.00 0.00 9.67E-2 0.28 0.45 0.63 0.79 0.94 1.1 1.2 1.3
350 0.00 13.0 0.00 0.00 9.49E-2 0.27 0.45 0.62 0.78 0.94 1.1 1.2 1.3
360 0.00 13.0 0.00 0.00 9.92E-2 0.29 0.47 0.64 0.80 0.96 1.1 1.2 1.3
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Blade tension ( Lb ) Trim

Psi Time Phi Pht-D Phi-DD X / R

deg sec deg deg/s deg/s^2 .0 .1 .2 .3 .4 .5 .6 .7 .8

0 0.00 13.0 0,00 0.00 1.52E+4 1.&6E+4 1.33E+4 1.17E+4 9.88E+3 8.13E+3 6.54E+3 5.23E+3 4.07E+3
10 0.00 13.0 0.00 0.00 1.52E+4 1.46E+4 1.33E+4 1.17E+4 9,89E+3 8.13E+3 6.54E+3 5.23E+3 4.07E+3
20 0.00 13,0 0.00 0.00 1.53E+4 1.46E+4 1.33E+4 1.17E+4 9.90E+3 8.14E+3 6.55E+3 5.24E+3 4.08E+3
30 0.00 13,0 0.00 0.00 1.53E+4 1.&6E+4 1.34E+4 1.17E+4 9.92E+3 8.15E+3 6,56E+3 5.25E+3 &.O9E+3
&O 0.00 13.0 0,00 0.00 1.54E+4 1.&TE+4 1.3&E+4 1.18E+4 9.95E+3 8.18E+3 6.58E+3 5.26E+3 4.09E+3
50 0.00 13.0 0.00 0.00 1,55E+& 1.48E+& 1.35E+4 1.18E+& 9.99E+3 8.20E+3 6.60E+3 5.27E+3 4.11E+3
60 0.00 13.0 0.00 0.00 1.57E+4 1.49E+4 1.35E+4 1.19E+4 1.00E+4 8.23E+3 6.62E+3 5.29E+3 4.12E+3
70 0.00 13.0 0,00 0.00 1.58E+4 1.50E+4 1.36E+4 1.19E+& 1.01E+4 8.27E.3 6.64E+3 5.31E+3 &.13E+3
80 0.00 13.0 0.00 0.00 1.59E+4 1.51E+4 1.37E+4 1,20E+4 1.01E+4 8.30E+3 6.67E+3 5.33E+3 4.15E+3
90 0.00 13.0 0.00 0.00 1.61E+4 1.52E+4 1.38E+4 1.21E+4 1.02E+4 8.34E+3 6.70E+3 5.35E+3 4.16E+3

100 0.00 13.0 0.00 0.00 1.62E+4 1.53E+4 1.39E+4 1.21E+4 1.02E+4 8.38E+3 6.7"3E+3 5.37E+3 4.18E+3
110 0.00 13.0 0.00 0.00 1.64E+4 1.55E+4 1.40E+4 1.22E+4 1.03E+4 8.42E+3 6.75E+3 5.39E+3 4.19E+3
120 0.00 13.0 0.00 0.00 1.65E+4 1.56E+4 1.41E+4 1,23E+4 1.03E+4 8.45E+3 6.78E+3 5.41E+3 4.20E+3
130 0.00 13.0 0.00 0.00 1.66E+4 1.57E+4 1.41E+4 1.23E+4 1.04E+4 8.48E+3 6.80E+3 5.42E+3 4.22E+3
140 0.00 13.0 0.00 0.00 1,67E+4 1.57E+4 1.42E+4 1.24E+4 1.04E+4 8.51E+3 6.82E+3 5.44E+3 4.23E+3
150 0.00 13.0 0.00 0.00 1,68E+4 1.58E+4 1.43E+4 1.24E+4 1.04E+4 8.53E+3 6.84E+3 5.45E+3 4.24E+3
160 0.00 13.0 0.00 0.00 1,69E+4 1.59E+4 1.43E+4 1.24E+4 1.05E+4 8.55E+3 6.85E+3 5.46E+3 4.24E+3
170 0.00 13,0 0.00 0.00 1,69E+4 1.59E+4 1.43E+4 1.25E+4 1.05E+4 8.56E+3 6.86E+3 5.47E+3 4.25E+3
180 0.00 13.0 0.00 0.00 1.69E+4 1.59E+4 1.43E+4 1.25E+4 1.05E+4 8.56E+3 6.86E+3 5.47E+3 4.25E+3
190 0.00 13.0 0.00 0.00 1.69E+4 1.59E+4 1.43E+4 1.25E+4 1.05E+4 8.56E+3 6.86E+3 5.47E+3 4.25E+3
200 0.00 13.0 0.00 0.00 1.69E+4 1.59E+4 1.43E+4 1.24E+4 1.05E+4 8.55E+3 6.85E+3 5.46E+3 4.25E+3
210 0.00 13.0 0.00 0,00 1,68E+4 1.58E+4 1.43E+4 1.24E+4 1.04E+4 8.53E+3 6.84E+3 5.45E+3 4,24E+3
220 0.00 13.0 0.00 0.00 1.67E+4 1.57E+4 1.42E+4 1.24E+4 1.04E+4 8.51E+3 6.82E+3 5.44E+3 4.23E+3
230 0.00 13.0 0.00 0.00 1,66E+4 1.57E+4 1.41E+4 1.23E+4 1.04E+4 8.49E+3 6.80E+3 5.43E+3 4.22E+3
240 0.00 13.0 0.00 0.00 1.65E+4 1.56E+4 1.41E+4 1.23E+4 1.03E+4 8.46E+3 6.78E+3 5.41E+3 4.21E+3
250 0.00 13.0 0.00 0.00 1.64E+4 1.55E+4 1.40E+4 1.22E+4 1.03E+4 8.42E+3 6.76E+3 5.39E+3 4.19E+3
260 0.00 13.0 0.00 0.00 1.62E+4 1.54E+4 1.39E+4 1.21E+4 1.02E+4 8.38E+3 6.73E+3 5.37E+3 4.18E+3
270 0.00 13.0 0.00 0.00 1.61E+4 1.52E+4 1.38E+4 1.21E+4 1.02E+4 8.35E+3 6.70E+3 5.35E+3 4.16E+3
280 0.00 13.0 0.00 0.00 1,59E+4 1.51E+4 1.37E+4 1.20E+4 1.01E+4 8.31E+3 6.67E+3 5.33E+3 4.15E+3
290 0.00 13.0 0.00 0.00 1.58E+4 1.50E+4 1,36E+4 1.19E.4 1.01E+4 8.27E+3 6.65E+3 5.31E+3 4.13E+3
300 0.00 13.0 0.00 0.00 1.57E+4 1.49E_4 1.35E+4 1.19E+4 1.00E+4 8.24E+3 6.62E.3 5.29E+3 4.12E+3
310 0.00 13.0 0.00 0.00 1.55E+4 1.48E+4 1.35E+4 1.18E+4 9.99E+3 8.20E+3 6.60E+3 5.27E+3 4.11E+3
320 0.00 13.0 0.00 0.00 1.54E+4 1.47E+4 1.34E+4 1.18E+4 9.95E+3 8.18E+3 6.58E+3 5.26E+3 4.09E+3
330 0.00 13.0 0.00 0.00 1.54E+4 1.47E+4 1.34E+4 1.17£+4 9.92E+3 8.15E+3 6.56E+3 5.24E+3 4.09E+3
340 0.00 13.0 0.00 0.00 1.53E+4 1.46E+4'1,33E+4 1.17E+4 9.90E+3 8.14E+3 6.55E+3 5.24E+3 4.08E+3
350 0.00 13.0 0.00 0.00 1.52E+4 1.46E+4 1.33E+4 1.17E+4 9.89E+3 8.13E+3 6o54E+3 5.2-3E+3 4.07E+3
360 0.00 13.0 0.00 0,00 1.52E+4 1.46E+4 1.33E+4 1.17E+4 9.88E+3 8.13E+3 6.54E+3 5.23E+3 4.07]E+3

B-12 :



BLade edgewise shear ( Lb ) Trim

Psi Ttme Phi Phi-D Ph_-DD X / R

deg sec deg deg/s deg/s^2 .0 .1 .2 .3 .4 .5 .6 .7 .8

0 0.00 13.0 0.00 0.00 3.00E+2 2.90E+2 2.71E+2 2.43E+2 2.08E+2 1.71E+2 1,34E+2 1.00E+2 68.
10 0.00 13.0 0.00 0.00 4.47E+2 4.06E+2 3.60E+2 3.10E+2 2.59E+2 2.08E+2 1.61E+2 1.20E+2 83.
20 0.00 13.0 0.00 0.00 5.92E+2 5.20E+2 4.49E+2 3.78E+2 3.10E+2 2.45E+2 1.89E+2 1.41E+2 98.
30 0.00 13.0 0.00 0.00 7.28E+2 6.28E+2 5.32E+2 4.42E+2 3.57E+2 2.81E+2 2.15E+2 1.61E+2 1.13E+2
40 0.00 13.0 0.00 0.00 8.51E+2 7.25E+2 6.08E+2 5.00E+2 4.00E+2 3.12E+2 2.38E+2 1.78E+2 1.26E+2
50 0.00 13.0 0.00 0.00 9_57E+2 8.09E+2 6.72E+2 5.49E+2 4.37E+2 3.39E+2 2.58E+2 1.93E+2 t.37E+2
60 0.00 13.0 0.00 0.00 1.04E+3 8.76E+2 7.24E+2 5.88E+2 4.66E+2 3.6!E+2 2.74E+2 2.05E+2 1.46E+2
70 0.00 13.0 0.00 0.00 1.11E+3 9.25E+2 7.62E+2 6.17E+2 4.87E+2 3.76E+2 2.85E+2 2.13E+2 1.52E+2
80 0.00 13.0 0.00 0.00 1.14E+3 9.54E+2 7.84E+2 6.33E+2 4.99E+2 3.84E+2 2.91E+2 2.18E+2 1.56E+2
90 0.00 13.0 0.00 0.00 1.15E+3 9.62E+2 7.90E+2 6.37E+2 5.01E+2 3.86E+2 2.92E+2 2.18E+2 1.56E+2

100 0.00 13.0 0.00 0.00 1.14E+3 9.49E+2 7.79E+2 6.28E+2 4.94E+2 3.80E+2 2.88E+2 2.15E+2 1.54E+2
110 0.00 1_o_ 0.00 0.00 1.10E+3 9.16E+2 7.53E+2 6.07E+2 4.77E+2 3.67E+2 2.78E+2 2.08E+2 1.48E+2
120 0.00 13.0 0.00 0.00 1.03E+3 8.63E+2 7.11E+2 5.74E+2 4.52E+2 3.48E+2 2.63E+2 1.97E+2 1.40E+2
130 0.00 13.0 0.00 0.00 9.42E+2 7.92E+2 6.55E+2 5.31E+2 4.19E+2 3.23E+2 2.45E+2 1.83E+2 1.30E+2
!40 0.00 13.0 0.00 0.00 8.34E+2 7.06E+2 5.87E+2 4.78E+2 3.79E+2 2.93E+2 2.22E+2 1.66E+2 1.17E+2
150 0.00 13.0 0.00 0.00 7.09E+2 6.07E+2 5.10E+2 4.18E+2 3.33E+2 2.59E+2 1.97E+2 1.46E+2 1.03E+2
160 0.00 13.0 0.00 0.00 5.71E+2 4.98E+2 4.25E+2 3.53E+2 2.84E+2 2.22E+2 1.69E+2 1.26E+2 88.
170 0.00 13.0 0.00 0.00 3.98E+2 3.55E+2 3.09E+2 2.60E+2 2.11E+2 1.66E.2 1.2TE+2 94. 65.
180 0.00 13.0 0.00 0.00 2.23E+2 2.13E+2 1.94E+2 1.68E+2 1.39E+2 1.11E+2 86. 64. 43.
190 0.00 13.0 0.00 0.00 1.03E+2 1.24E+2 1.30E+2 1.24E+2 1.09E+2 91. 72. 53. 35.
200 0.00 13.0 0.00 0.00 -13. 38. 68. 81. 81. 72. 59. 43. 27.
210 0.00 13.0 0.00 0.00 -1.48E+2 -68. -14. 19. 34. 38. 34. 24. 13.
220 0.00 13.0 0.00 0.00 -2.69E+2 -1.64E+2 -87. -37. -7.4 7.2 12. 7.9 0.20
230 0.00 13.0 0.00 0.00 -3.73E+2 -2.45E+2 -1.50E+2 -85. -42. -18. -7.0 -6.0 -10.
240 0.00 13.0 0.00 0.00 -4.57E+2 -3.11E+2 -2.00E+2 -1.22E+2 -70. -38. -21. -17. -18.
250 0.00 13.0 0.00 0.00 -5.18E+2 -3.58E+2 -2.37E+2 -1.49E+2 -89. -52. -32. -24. -24.
260 0.00 13.0 0.00 0.00 -5.54E+2 -3.86E+2 -2.58E+2 -1.65E+2 -1.00E+2 -60. -37. -28. -27.
270 0.00 13.0 0.00 0.00 -5.65E+2 -3.94E+2 -2.63E+2 -1.68E+2 -1.02E+2 -61. -37. -28. -27.
280 0.00 13.0 0.00 0.00 -5.50E+2 -3.82E+2 -2.53E+2 -1.59E+2 -95. -55. -33. -25. -25.
290 0.00 13.0 0.00 0.00 -5.09E+2 -3.49E+2 -2.27E+2 -1.39E+2 -79. -43. -24. -18. -20.
300 0.00 13.0 0.00 0.00 -4.45E+2 -2.98E+2 -1.87E+2 -1.08E+2 -55. -25. -10. -8.1 -12.
310 0.00 13.0 0.00 0.00 -3.58E+2 -2.2qE+2 -1.33E+2 -66. -24. -1.1 7.3 5.1 -2.4
320 0.00 13.0 0.00 0.00 -2.51E+2 -1.45E+2 -67. -15. 15. 28. 29. 21. 9.3
330 0.00 13.0 0.00 0.00 -1.28E+2 -47. 9.1 43. 59. 60. 53. 39. 23.
340 0.00 13.0 0.00 0.00 8.3 60. 93. 1.07E+2 1.07E+2 96. 79. 59. 37.
350 0.00 13.0 0.00 0.00 1.53E+2 1.74E+2 1.81E+2 1.75E+2 1.58E+2 1.34E+2 1.07E+2 80. 53.
360 0.00 13.0 0.00 0.00 3.00E+2 2.90E+2 2.71E+2 2.42E+2 2.08E+2 1.71E+2 1.34E+2 9.99E+1 68.
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Blade flapwiseshear ( Lb ) Trim

Psi Time Phi Phi-D Phi-DD X / R
..-----...--.....----....----.........................................................-.................... .... ...

deg sec deg deg/s deg/s^2 .0 .1 .2 .3 .4 .5 .6 .7 .8

0 0,00 13,0 0.00 0.00 -96. -18. 1.16E+2 2.54E+2 3.64E+2 4.17E+2 4.07E+2 3.25E+2 1.82E+2
10 0.00 13.0 0.00 0.00 -64. 9.3 1.36E+2 2.66E+2 3.68E+2 4.15E+2 4.01E+2 3.17E+2 1.75E+2
20 0.00 13.0 0.00 0.00 -27. 42. 1.62E+2 2.85E+2 3.81E+2 4.21E+2 4.04E+2 3.17E+2 1.74E+2
30 0.00 13.0 0.00 0.00 -2.4 67. 1.86E+2 3.07E+2 3.99E+2 4.37E+2 4.17E+2 3.29E+2 1.82E+2
40 0.00 13.0 0.00 0.00 26. 95. 2.14E+2 3.33E+2 4.24E+2 4.58E+2 4.36E+2 3.45E+2 1,95E+2
50 0.00 13.0 0.00 0.00 54. 1.25E+2 2.44E+2 3.62E+2 4.50E+2 4.82E+2 4.57E+2 3.62E+2 2.09E+2
60 0.00 13.0 0.00 0.00 74. 1.47E+2 2.67E+2 3.86E+2 4.72E+2 5.02E+2 4.75E+2 3.78E+2 2.22E+2
70 0.00 13.0 0.00 0.00 90. 1.66E+2 2.88E+2 4.06E+2 4.91E+2 5.19E+2 4.91E+2 3.92E+2 2.33E+2
80 0.00 13.0 0.00 0.00 92. 1.72E+2 2.95E+2 4.15E+2 4.99E+2 5.27E+2 4.99E+2 3.99E+2 2.39E+2
90 0.00 13.0 0.00 0.00 80. 1.64E+2 2.91E+2 4.12E+2 4.97E+2 5.26E+2 4.99E+2 3.99E+2 2.39E+2

100 0.00 13.0 0.00 0.00 55. 1.43E+2 2.74E+2 3.97E+2 4.84E+2 5.15E+2 4.90E+2 3.92E+2 2.34E+2
110 0.00 13.0 0.00 0.00 19. 1.12E+2 2.46E+2 3.73E+2 4.62E+2 4,96E+2 4.74E+2 3.79E+2 2,23E+2
120 0.00 13.0 0.00 0.00 -26. 72. 2.10E+2 3,41E+2 4.33E+2 4.71E+2 4.53E+2 3.62E+2 2.09E+2
130 0.00 13.0 0.00 0.00 -76. 26. 1.69E+2 3.04E+2 3.99E+2 4.42E+2 4.28E+2 3.41E+2 1.92E+2
140 0.00 13.0 0.00 0.00 -1.26E+2 -20. 1.28E+2 2.66E+2 3,66E+2 4.13E+2 4.03E+2 3.20E+2 1.76E+2
150 0.00 13.0 0.00 0.00 -1.73E+2 -63. 89. 2.31E+2 3.34E+2 3.85E+2 3.80E+2 3.01E+2 1.60E+2
160 0.00 13.0 0.00 0.00 -2,14E+2 -1.00E+2 55. 2.01E+2 3.08E+2 3.63E+2 3.61E+2 2.85E+2 1.48E+2
170 0.00 13.0 0.00 0.00 -2.48E+2 -1.33E+2 21. 1.65E+2 2,71E+2 3.31E+2 3.36E+2 2.68E+2 1.40E+2
180 0.00 13.0 0.00 0.00 -2.88E+2 -1,73E+2 -19. 1.23E+2 2.30E+2 2,97E+2 3.09E+2 2.49E+2 1.30E+2
190 0.00 13.0 0.00 0.00 -3.29E+2 -2.09E+2 -48. 1.05E+2 2,20E+2 2.88E+2 3.00E+2 2,37E+2 1.14E+2
200 0.00 13.0 0.00 0.00 -3.59E+2 -2.35E+2 -67. 94. 2.17E+2 2.86E+2 2.97E+2 2.31E+2 1.03E+2
210 0.00 13.0 0.00 0.00 -3.58E+2 -2.34E+2 -65. 97. 2.21E+2 2,90E+2 3.01E+2 2.34E+2 1.07E+2
220 0.00 13.0 0.00 0.00 -3,51E+2 -2.28E+2 -59. 1.04E+2 2.29E+2 2.98E+2 3.09E+2 2.42E+2 1.12E+2
230 0.00 13.0 0,00 0.00 -3.29E+2 -2.07E+2 -39. 1.24E+2 2.49E+2 3.17E+2 3.25E+2 2,56E+2 1.24E+2
240 0.00 13.0 0.00 0.00 -2.97E+2 -1.78E+2 -11. 1.50E+2 2.74E+2 3.40E+2 3.46E+2 2.73E+2 1.39E+2
250 0.00 13.0 0.00 0.00 -2.65E+2 -1.49E+2 16. 1.76E+2 2.99E+2 3.62E+2 3.65E+2 2.90E+2 1.52E+2
260 0.00 13.0 0.00 0.00 -2.34E+2 -1.21E+2 41. 1.98E+2 3.20E+2 3.81E+2 3.81E+2 3.04E+2 1.64E+2
270 0.00 13,0 0.00 0.00 -2.08E+2 -99. 60. 2.16E+2 3.36E+2 3.95E+2 3.93E+2 3.13E+2 1.72E+2
280 0.00 13.0 0.00 0.00 -1.85E+2 -80. 75. 2.28E+2 3.46E+2 4.04E+2 4.00E+2 3.19E+2 1.76E+2
290 0.00 13.0 0.00 0.00 -1.67E+2 -67. 84. 2.35E+2 3.52E+2 4.08E+2 4.03E+2 3.21E+2 1.78E+2
300 0.00 13.0 0.00 0.00 -1.51E+2 -56. 91. 2.38E+2 3.54E+2 4.09E+2 4.02E+2 3.20E+2 1.T/E+2
310 0.00 13.0 0.00 0.00 -1.38E+2 -47. 96. 2.41E+2 3.54E+2 4.08E+2 4.00E+2 3.18E+2 1,75E+2
320 0.00 13.0 0,00 0.00 -1.24E+2 -37. 1.02E+2 2.43E+2 3.55E+2 4,08E+2 3.98E+2 3.16E+2 1,73E+2
330 0.00 13.0 0.00 0.00 -1,08E+2 -26, 1.09E+2 2,48E+2 3.57E+2 4.09E+2 3,98E+2 3.15E+2 1.72E+2
340 0.00 13.0 0.00 0.00 -90. -11, 1.21E+2 2.56E+2 3.63E+2 4.13E+2 4.01E+2 3.17E+2 1,73E+2
350 0.00 13.0 0.00 0.00 -90. -12. 1.21E+2 2.58E+2 3.67E+2 4.18E+2 4.07E+2 3.23E+2 1.80E+2
360 0.00 13.0 0.00 0.00 -96. -17. 1.16E+2 2.55E+2 3.65E+2 4.18E+2 4.08E+2 3o25E+2 1,82E+2
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Blade flapwisemoment ( ft-Lbs ) Trim

Psi Time Phi Phi-D Phi-DD X / R

deg sec deg deg/s deg/s^2 .0 .1 .2 .3 .4 .5 .6 .7 .8

0 0.00 13.0 0.00 0.00 -5.07E+3 -5,49E+3 -5.54E+3 -5.08E+3 -4.15E+5 -2.92E+3 -1.61E+3 -4.74E+2 2.44E+2
10 0.00 13.0 0.00 0.00 -4.88E+3 -5.27E+3 -5.30E+3 -4.84E+3 -3.93E+3 -2.T3E+3 -1.47E+3 -3,81E+2 2.96E+2
20 0.00 13.0 0.00 0.00 -4.95E+3 -5.2BE+3 -5.26E+3 -4.77E+3 -3.86E+3 -2.66E+3 -1.41E+3 -3.35E+2 3.25E+2
30 0.00 13.0 0.00 0.00 -5.19E+3-5.49E+3-5.44E+3 _4.92E+3-3.97E+3-2.75E+3-I.47E+3 -3.72E+2 3.06E+2
40 0.00 13.0 0.00 0.00 -5.62E+3-5.87E+3-5.76E+3 -5.17E+3-4.1_E+3 -2.89E+3-I.57E+3 -4.37E+2 2.72E+2
50 0.00 13.0 0.00 0.00 -6.16E+3-6.33E+3-6.14E+3 -5.48E+3-4.40E+3-3.07E+3-I.70E+3 -5.13E+2 2.32E+2
60 0.00 13.0 0.00 0.00 -6.62E+3-6.73E+3-6.47E+3-5.75E+3 -4.61E+3-3.22E+3-I.60E+3 -5.78E+2 1.98E+2
70 0.00 13.0 0.00 0.00 -7.07E+3 -7.12E+3-6.80E+3 -6.00E+3-4.80E+3-3.36E+3 -1.90E+3-6.37E+2 1.68E+2
80 0.00 13.0 0.00 0.00 -7.28E+3 -7.31E+3-6.95E.3-6.13E+3 -4.90E+3-3.43E+3_1.94E+3 -6.63E+2 1.55E+2
90 0.00 13.0 0.00 0.00 -7.27E+3 -7.31E+3-6.96E+3-6.13E+3 -4.89E+3-3.43E+3-1.94E+3 -6.58E+2 1.59E+2
100 0.00 13.0 0.00 0.00 -7,04E+3 -7.12E+3-6.81E.3 -6.01E+3-4.80E.3 -3.35E+3-1.88E+3-6.22E+2 1.80E+2
110 0.00 13.0 0.00 0.00 -6.62E+3 -6.78E+3 -6.52E.3 -5.78E+3 -4.62E+3 -3.22E+3 -1.79E+3 -5.62E+2 2.13E+2
120 0.00 13.0 0.00 0.00 -6.08E+3 -6.33E+3-6.16E+3 -5.48E+3-4.39E+3 -3.05E+3-1.67E+3-4.85E+2 2.54E+2
130 0.00 13.0 0.00 0.00 -5.45E+3 -5.81E+3-5.73E+3 -5.14E+3-4.12E.3 -2.85E+3-I.53E+3-3.99E+2 3.01E+2
140 0.00 13.0 0.00 0.00 -4.87E+3 -5.33E+3-5.34E+3 -4.83E+3-3.88E+3 -2.68E+3-1.41E+3-3.21E+2 3.43E+2
150 0.00 13.0 0.00 0.00 -4.38E+3 -4.92E+3 -5,01E+3 -4.56E+3 -3.68E+3 -2.53E+3 -1.31E+3 -2.56E+2 3,77E+2
160 0.00 13.0 0.00 0.00 -4,04E+3 -4.65E+3 -4,78E+3 -4.39E+3 -3,54E+3 -2.43E+3 -1,24E+3 -2.14E+2 3.99E+2
170 0,00 13.0 0,00 0,00 -3.63E+3 -4.29E+3 -4,4"_+3 -4.14E+3 -3,38E+3 -2.34E+3 -1.22E+3 -2.37E+2 3.59E+2
180 0.00 13.0 0.00 0.00 -3,11E+3 -3.83E+3 -4.09E+3 -3.84E+3 -3,17E+3 -2.22E+3 -1,17E+3 -2.41E+2 3.32E+2
190 0.00 13.0 0.00 0.00 -2,95E+3 -3.73E+3 -4.03E+3 -3.79E+3 -3.11E+3 -2.14E+3 -1.07E+3 -1.39E+2 4.17E+2
200 0.00 13.0 0.00 0.00 -2.99E+3 -3,80E+3 -4.11E+3 -3.86E+3 -3.14E+3 -2.13E+3 -1.03E+3 -73. 4.81E+2
210 0.00 13.0 0.00 0.00 -3.45E+3 -4.19E+3 "4.44E+3 -4.13E+3 -3.35E+3 -2,29E+3 -1.14E+3 -1.44E+2 4.42E+2
220 0.00 13.0 0.00 0.00 -3.92E+3 -4.58E+3 -4.76E+3 -4.39E+3 -3.55E+3 -2,44E.3 -1.24E+3 -2.11E+2 4.06E+2
230 0.00 13,0 0.00 0.00 -4.61E.3 -5.16E+3 -5.24E+3 -4.78E.3 -3.85E+3 -2.66E+3 -1,40E+3 -3.08E+2 3.53E+2
240 0.00 13.0 0.00 0,00 -5.39E+3 -5.81E+3 -5,78E+3 -5.20E+3 -4.18E+3 -2.90E.3 -1.56E+3 -4.15E+2 2.95E+2
250 0,00 13.0 0.00 0.00 -6.04E+3 -6.36E+3 -6.22E+3 -5,56E+3 -4.46E+3 -3.10E+3 -1.70E+3 -5.02E+2 2.47E+2
260 0.00 13.0 0.00 0.00 -6,54E+3 -6.77E+3 -6.55E+3 -5.82E+3 -4.66E+3 -3.24E+3 -1.60E+3 -5.66E+2 2.13E+2
270 0.00 13,0 0.00 0.00 -6,83E+3 -6.99E+3 -6.T_E+3 -5.97E+3 -4.77E+3 -3.32E+3 -1.86E+3 -6.01E+2 1.93E+2
280 0.00 13.0 0.00 0,00 -6,92E+3 -7.06E+3 -6.78E+3 -6.00E+3 -4.80E+3 -3.34E+3 -1.87E+3 -6.10E+2 1.87E+2
290 0.00 13.0 0.00 0.00 -6.84E.3 -6.98E+3 -6.71E+3 -5.95E+3 -4.75E+3 -3.31E+3 -1,85E+3 -5.97E+2 1.93E+2
300 0.00 13.0 0.00 0.00 -6.64E+3 -6,79E+3 -6.55E+3 -5.82E+3 -4,66E+3 -3.24E+3 -1.80E+3 -5.68E+2 2.08E+2
310 0.00 13.0 0.00 0.00 -6,37E+3 -6.55E+3 -6.34E+3 -5.65E+3 -4.53E+3 -3,15E+3 -1.74E+3 -5.31E+2 2.27E+2
320 0.00 13.0 0.00 0.00 -6.09E+3 -6.30E+3 -6.14E+3 -5.49E.3 -4,41E.3 -3,06E+3 -1.68E+3 -4.95E+2 2.45E+2
330 0.00 13.0 0.00 0.00 -5.86E+3 -6.10E+3 -5.97E+3 -5.35E+3 -4.31E+3 -2.99E+3 -1,63E+3 -4.67E+2 2.59E+2
340 0,00 13.0 0.00 0.00 -5,72E+3 -5.97E+3 -5.86E+3 -5.27E+3 -4.25E+3 -2.95E+3 -1.60E+3 -4.51E+2 2.65E+2
350 0.00 13.0 0.00 0.00 -5.49E+3 -5.82E+3 -5.78E+3 -5.24E+3 -4.25E+3 -2.97E+3 -1,64E+3 -4.81E+2 2.45E+2
360 0.00 13.0 0.00 0.00 -5.08E+3 -5.51E+3 -5.55E+3 -5.09E+3 -4.16E+3 -2.92E+3 -1,61E+3 -4.76E+2 2.43E+2

Average Flapwise Homent = -5764.5 (ft-Lbs) at the 20_ station
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Blade edgewise moment ( ft-Lbs ) Tr_m

Psi Time Ph| Phi-D Phi-DD X / R

deg sec deg deg/s deg/s^2 .0 .1 .2 .5 .4 .5 .6 .7 .8

0 0.00 15.0 0,00 0.00 6.37E+5 5.24E+3 4.18E+3 3.20E+5 2.34E+3 1,62E+3 1.04E+3 5.98E+2 2.79E+2
10 0.00 13.0 0,00 0.00 8.30E+3 6,67E+3 5,22E+3 3,94E+3 2.86E+3 1.98E+3 1.28E+3 7,42E+2 3,56E+2
20 0.00 13.0 0.00 0,00 1.02E+4 8,11E+3 6.26E+3 4,69E+3 5.39E+3 2.34E+3 1,51E+3 8.88E+2 4.33E+2
30 0,00 15.0 0.00 0.00 1,20E+4 9.46E+3 7.25E+3 5.40E+3 3,89E+3 2.68E+3 1.74E+3 1.03E+3 5.07E+2
40 0,00 15.0 0.00 0.00 1.37E+4 1.07E+4 8.14E+3 6.04E+3 4,33E+3 2,98E+3 1,94E+3 1.15E+3 5.72E+2
50 0.00 15.0 0,00 0,00 1.51E+4 1,17E+4 8,90E+3 6,58E+3 4.71E+3 3,24E+3 2,11E+3 1,26E+3 6.29E+2
60 0.00 15,0 0,00 0,00 1.62E+4 1.25E+4 9.51E+3 7,02E+3 5.02E+3 3.45E+3 2.25E+3 1.34E+3 6.74E+2
70 0,00 15.0 0,00 0.00 1,70E+4 1,51E+4 9.94E+3 7.32E+3 5.23E+3 5.59E+3 2,34E+3 1.40E+3 7.06E+2
80 0.00 13.0 0.00 0.00 1,75E+4 1.35E+4 1.02E+4 7.49E+3 5.35E+3 5,67E+3 2.40E+3 1.43E+3 7,24E+2
90 0.00 13.0 0.00 0.00 1.76E+4 1,36E+4 1.02E+4 7.52E+3 5.37E+3 3.69E+3 2.40E+3 1,44E+3 7.27E+2

100 0.00 15,0 0.00 0,00 1.73E+4 1.34E+4 1.01E+4 7,41E+3 5.28E+3 3,6_E+3 2.57E+3 1.41E+3 7,16E+2
110 0,00 13.0 0.00 0,00 1.67E+4 1,29E+4 9.74E+3 7,16E+3 5,10E+3 3,50E+3 2.28E+3 1.37E+3 6,91E+2
120 0.00 13.0 0.00 0,00 1.58E+4 1.22E+4 9,22E+5 6.78E+3 4.83E+3 3,32E+3 2,16E+3 1.29E+3 6.51E+2
130 0.00 13.0 0.00 0,00 1.46E+4 1.13E+4 8.53E+3 6.28E+3 4,48E+3 3.07E+3 2,00E+3 1.19E+3 6.00E+2
140 0.00 15.0 0.00 0.00 1,31E+4 1.02E+4 7.70E+3 5,68E+3 4,06E+3 2.78E+3 1,81E+3 1.08E+3 5.39E+2
150 0.00 13.0 0.00 0.00 1.14E+4 8.88E+3 6.76E+3 5,00E+3 3.58E+3 2,45E+3 1,59E+3 9.42E+2 4.69E+2
160 0.00 13.0 0.00 0.00 9.53E+3 7.49E+3 5.74E+3 4.26E+3 5.06E+3 2.10E+3 1.36E+3 7,98E+2 3.93E+2
170 0.00 13.0 0.00 0.00 6.95E+3 5,52E+3 4.25E+3 3,17E+3 2,28E+3 1.56E+3 1.01E+3 5,91E+2 2,88E+2
180 0.00 13.0 0.00 0.00 4.41E+3 3,58E+3 2.80E+3 2,11E+3 1.52E+3 1,05E+3 6.74E+2 3.89E+2 1.86E+2
190 0.00 13.0 0.00 0.00 3.07E+3 2.64E+3 2.15E+3 1.67E+3 1,?..3E+3 8,47E+2 5.37E+2 3.00E+2 1.33E+2
200 0.00 13.0 0.00 0.00 1,81E+3 1.76E+3 1.55E+3 1.26E+3 9.52E+2 6,61E+2 4.11E+2 2.16E+2 B3.
210 0.00 13.0 0,00 0,00 33, 4.37E+2 5,88E+2 5,74E+2 4,71E+2 3,32E+2 1,95E+2 83. 12,
220 0.00 13.0 0.00 0.00 -1.55E+3 -7,38E+2 -2.67E+2 -36. 45, 42. 3,9 -35. -51.
230 0.00 13.0 0,00 0.00 -2.90E+3 "1,73E+3 -9.90E+2 -5.50E+2 -5.14E+2 -2,02E+2 -1.56E+2 -1.34E+2 -1.04E+2
240 0.00 13.0 0,00 0.00 -5.97E+3 -2.52E+3 -1.56E+3 -9.54E+2 -5.94E+2 -3.92E+2 -2.81E+2 -2.11E+2 -1.45E+2
250 0.00 15.0 0.00 0.00 -4.74E+3 -3,08E+3 -1.96E+3 -1,24E+3 -7.89E+2 -5.24E+2 -5.68E+2 -2,65E+2 -1.75E+2
260 0.00 13.0 0,00 0,00 -5,18E+3 -3.40E+3 -2.19E+3 -1,39E+3 -8.94E+2 -5.94E+2 -4,14E+2 -2.94E+2 -1.91E+2
270 0.00 15.0 0.00 0.00 -5,28E+3 -3,46E+3 -2.22E+3 -1.41E+3 -9,06E+2 -6.02E+2 -4.19E+2 -2,98E+2 -1.93E+2
280 0.00 13.0 0.00 0.00 -5.04E+3 -3,28E+3 -2.08E+3 -1.30E+3 -8.27E+2 -5.46E+2 -3.83E+2 -2.76E+2 -1.82E+2
290 0.00 15.0 0.00 0.00 -4.46E+3 -2._E+3 -1.75E+3 -1.07E+3 -6,57E+2 -4.30E+2 -5,06E+2 -2.29E+2 -1.58E+2
300 0.00 13,0 0.00 0.00 -3.57E+3 -2.17E+3 -1,26E+3 -7,07E+2 -4.03E+2 -2.55E+2 -1.91E+2 -1.59E+2 -1.22E+2
510 0.00 13.0 0,00 0,00 -2.39E+3 -1.29E+3 -6,06E+2 -2.35E+2 -70, -27. -42. -68. -73,
320 0.00 13.0 0.00 0.00 -9.55E+2 -2.11E+2 1.85E+2 3.35E+2 3.32E+2 2.48E+2 1,39E+2 43. -15.
330 0,00 13.0 0.00 0,00 6.98E+2 1,02E+3 1.09E+3 9.87E+2 7.91E+2 5.62E+2 3.45E+2 1,69E+2 52,
340 0,00 13.0 0,00 0.00 2.52E+3 2,38E+3 2.09E+5 1,70E+3 1,29E+3 9.06E+2 5.72E+2 3,08E+2 1.25E+2
350 0,00 15.0 0,00 0.00 4.44E+5 3.81E+3 3.13E+3 2.45E+3 1,82E+3 1.26E+3 8.0BE+2 4.54E+2 2.02E+2
360 0.00 13.0 0,00 0.00 6.36E+3 5.24E+3 4.17E+3 3.20E+3 2,34E+3 1.62E+5 1.04E+3 5,97E+2 2.79E+2
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Blade torsion ( ft-Lbs ) Trlm

Psi Time Phl Phi-D PhI-DD × / R

deg sec deg deg/s deg/s^2 .0 .1 .2 ,3 .4 .5 ,6 .7 .8

0 0,00 13.0 0.00 0.00 -21. -18. -14. -9.4 -5.3 -1.6 1.5 3.8 4.6
10 0.00 13.0 0.00 0.00 -43. -36. -28. -21. -14. -7,8 -2.8 1.0 3.1
20 0.00 13.0 0.00 0,00 -69. -57. -45. -33. -23. -15. -7.6 -2.0 1.5
30 0.00 13.0 0.00 0.00 -98. -80. -63. -4T. -34. -22. -13. -5.4 -0.32
40 0.00 13.0 0.00 0.00 -1.27E+2-I.03E+2 -81. ,62, -45. -31. -19. -9.1 -2.3
50 0,00 13.0 0.00 0.00 -1,54E+2-1.25E+2 -99, -76. -56. -39. -24. -13. -4.3
60 0,00 13,0 0.00 0,00 -1.75E+2 -1.43E+2 -1.14E+2 -8B. -66. -46. -30. -16. -6.1
70 0.00 13.0 0.00 0.00 -1.90E+2 -1.56E+2 -1.25E+2 -97. -73. -52. -34. -19. -7.5
80 0.00 13,0 0.00 0.00 -1.95E+2 -1.61_+2 -1.29E+2 -1.01E+2 -76. -55. -36. -20. -8.4
90 0.00 13.0 0.00 0.00 -1,8gE+2-1.57E+2-1,27E+2-9.96E+I -75. -54. -36. -20. -8.5

100 0.00 13.0 0.00 0.00 -1.74E+2 -1.45E+2 -1.18E+2 -93. -71. -51. -34. -19. -7.7
110 0.00 13.0 0.00 0.00 -1.51E+2 -1,26E+2 -1.03E+2 -82. -62. -45. -29. -16. -6.3
120 0.00 13.0 0,00 0.00 -1,21E+2-I.03E+2 -84. -67. -51. -36. -24. -13. -4.3
130 0.00 13,0 0.00 0.00 -90. -76. -63. -50. -38. -27. -17. -8.3 -2.0
140 0.00 13,0 0.00 0.00 _58. -50. -42. -33. -25. -17. -9.9 -3.g 0.35
150 0.00 13.0 0.00 0.00 .30. -27. -22. -18. -13. -7.9 -3.4 0.31 2.6
160 0.00 13.0 0.00 0.00 -6,7 -7,0 -6,0 -4.2 -2.1 0.10 2.3 4.0 4.6
1'70 0.00 13.0 0.00 0.00 12, 9.5 8,4 7.9 7.8 7.8 7.9 7,6 6,5
180 0.00 13.0 0.00 0.00 23, 20. 18. 17. 15, 14. 12. 10, 8.0
190 0.00 13.0 0.00 0.00 28. 26. 23. 21. 19, 17. 15. 12. 8.9
200 0.00 13.0 0.00 0.00 28. 28. 26. 24. 22. 19. 16. 13. 9.5
210 0.00 13.0 0,00 0.00 23. 26. 26. 25. 23, 20. 17. 14. 9.9
220 0,00 13,0 0.00 0.00 16, 22. 24. 25. 23. 21, 18, 14. 10,
230 0,00 13.0 0.00 0.00 8.4 17. 22. 24. 23, 21. 18. 15. 11.
240 0.00 13.0 0.00 0.00 2.7 14. 21. 23, 23. 22, 19. 15. 11.
250 0.00 13.0 0.00 0.00 -0.40 13. 20. 24. 24, 22. 20. 16. 11.
260 0.00 13.0 0.00 0.00 -0,53 13. 21. 24. 25, 23. 20, 16. 11.
270 0.00 13.0 0.00 0.00 1.9 15. 22. 25. 25. 24. 20. 16. 12.
280 0.00 13.0 0.00 0,00 6,2 18. 24. 26. 26. 24. 20. 16. 12.
290 0,00 13.0 0.00 0.00 11. 20, 25. 26. 25, 23, 20, 16. 11.
300 0.00 13.0 0.00 0.00 16. 22, 25, 25. 24. 22. 19. 15. 11,
310 0.00 13.0 0.00 0,00 19, 23. 24. 23, 22. 20. 17. 14. 10.
320 0.00 13,0 0.00 0.00 20, 21. 21. 20. 19, 17, 15. 13. 9.5
330 0,00 13.0 0.00 0.00 16. 16. 16. 15. 15, 14. 12. 11. 8,5
340 0.00 13.0 0.00 0.00 8.5 8.5 8.6 8.9 9,1 9,3 9.3 8.8 7.3
350 0.00 13.0 0.00 0.00 -4.2 -3.0 -1.4 0.48 2.4 4.1 5.6 6,4 6.0
360 0.00 13.0 0.00 0.00 -21. -18. -14. -9.4 -5.3 -1.6 1.5 3.8 4.6
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Blade flapwtse moment expansion ooefftotents

X/R

...........;;.........;;.........;i.........;i.........;;.........;;.........;;.........;;.........;;.........T"

AO= .5.50E+3 -5.84E+3 -5.76E+3 -5,19E+3 -4.17E+3 -2,90E+3 ..1.57E+3 -4.32E+2 2.TTE+2 3.83E
BO= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Al= -9.53E+2 -7.53E+2 -6.11E+2 -5.00E+2 -3.95E+2 -2.89E+2 -1.99E+2 -1.27E+2 -68. -24.
Bl= -2.04E+2 -1.38E+2 -93, -64. -47. -39, -32. -24. -15. -6.0

A2= 1.45E+3 1.23E+3 1.01E+3 8.03E+2 6.07E+2 4.33E+2 2.88E+2 1.71E+2 84. 25.
B2= 3.51E+2 2.93E+2 2.38E+2 1.87E+2 1.41E+2 1.01E+2 67. 42. 22, 8.1

A.'3= -17. -29. -36. -36. -29, -18. -7.4 1.4 5.7 4.6
B3= 18, 20. 21. 21. 18. 14. 9.0 4.5 1.3 -0,21

134= 1.71E+2 1.47E+2 1.24E+2 1.01E+2 80. 60. 43. 28. 16. 5.7

A5= 1.5 -13. -22. -25. -20, -12. -3.5 3.1 6.1 4.5
BS= 1.7 3.9 5.3 5.7 5.1 3.7 2.2 0.80 -0.18 -0.41

A6= 0.77 -3.3 -7.6 -13, -19, -23. -24. -23. -17. -8.6
B6= 55. 48. 40. 34. 27. 21. 15. 9.7 5.4 2.0

A7= -6.8 -17. -24. -24. -20. -12. -4.6 1.5 4.5 3.5
BT= 1.3 2.4 3.1 3.4 3.1 2.4 1.4 0.52 -6.82E-2 -0.22
-----..--...--...---........................................................,...................... .... ....=.......

AS= 20. 14. 7.4 0.88 -6.2 -12. -15. -15. -12. -6.2
BS= 36, 31. 26. 21. 17. 13, 9.2 6.0 3.4 1.2

Ag= -3.7 -12. -17. -17. -14. -8.5 -3.0 1.4 3,5 2.7
Bg= -5.1 -3.5 -2.2 -1.3 -0.81 -0,60 -0.54 -0.56 -0.51 -0.30

B*= 15. 13. 11. 9.1 7.4 5.7 4.1 2.7 1.5 0.57
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Mean Rotor Torque and Power for Tr'tm soLutton

Mean Rotor Torque = 13545.72 ft-Lbs

Mean Rotor Power = 115,39 K_

No, of DQta Points = 36
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THXS IS THE SHAFTLOADSOUTPUTFILB

Low-Spe_ Shaft Loads 4n Ro¢or ooordtnates

Aztmuth Angte Pxr Fyr Fzr Mxl, Myr Mzr

0,000 83,224 3521.565 -1711.795 -562,079 11988,680 -228,418

10.000 353.294 3511.730 _1693,655 -568.'_9 12619.370 -449,934

20.000 615.885 3517.800 -'162_.991 -675.134 13332.490 -667.649

30.000 887 T76 3543,516 -1505,106 -473.615 13393.730 -923.'_16

40.000 1132 749 3578,086 -1339.407 -522.801 13472.770 -1152,804

50.000 t342 854 3627.853 -1132.409 -470.260 13569.430 -1348.364

60.000 1511 618 3679.315 -890.146 -278.797 13666.320 -1503.510

70.000 1634 316 372.7.356 -621.588 -247.934 13748.860 -1613.187

80.000 1706 979 3759.993 -333.723 -151.865 13804.550 -t672.482

90.000 1727 573 3774.286 -35.804 -71,547 13829.030 -1678,620

100.000 1695.566 3771.861 263.363 28.534 13818.830 - 1631.156

110.000 1611.942 3753.943 554.646 147.144 13777.180 -153i.732

120.000 1479.219 3724.870 829,066 259,385 13712.800 -1384.203

130.000 1301.426 3688.421 1078.431 399.355 136,33.840 -1194.168

140.000 '1084.101 3652,677 1294.824 498.634 13553.250 -968.792

150o000 833.849 3621,557 1471,772 580.412 13480.460 -715_667

160.000 558.280 3599.406 1603,791 623.337 13423.870 -442.777

170.000 239.398 3566.504 t683.807 604.637 12687.240 - t02,764

180.000 -83,224 3521.565 1711.795 562.079 11988.680 228.418

190.000 -353,294 3511.730 1693.655 568.739 12619.370 449.934

200.000 -615.885 3517.800 1625.991 675.134 13332.490 667.649

210.000 -887,776 3543.516 1505.106 473,615 13393.730 923.316

220,000 -1132.749 3578.086 1339.407 522.801 13472.770 1152.804

230.000 -1342.854 3627.853 1132.409 470,260 13569.430 1348.364

240.000 -1511.618 3679.315 890.146 278,797 13666.320 1503.510

250.000 -1634,316 3?27.356 621.588 247.934 13748.860 1613.187

260.000 -1706.979 3759°993 333,723 151.865 13804.550 1672.482

270.000 -1727.573 3774.286 35.804 71.547 13829.030 1678.620

280.000 -1695,566 3771.861 -263.363 -28,534 13818.830 1631.156

290.000 -1611.942 3753.943 -554.646 -147.144 13777.180 1531.T._2

300.000 -1479.219 3724.870 -829.066 -259.385 13712.800 1384.203

310.000 -1301,426 3688.421 -1078,431 -399.355 13633.840 1194.168

320.000 ,,1084.101 3652,677 -1294.824 -498.634 13553.250 968.792

330.000 -833.849 3621.557 -1471.772 -580.412 13480.460 715.667

340.000 -558.280 3599.406 -1603.791 -623u337 1342.5.870 442,777

350.000 -239.398 3566.504 -1683.807 -604.637 1268'7.240 102.764
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360,000 83.224 3521.565 -1711.795 -S62.079 11988.680 .228.418

Hub Loads 4n fixed frame hub ooordtnal:es

Azimuth AngLe Fxh Fyh Fzh ,Mxh Myh Mzh

0.000 83.224 3521.565 -1711.795 -562.079 11988.680 -228,418

10.000 53,827 3511,730 -I"_29.274 -638.229 'I?.619.370-344.338

20.000 22.621 3517.800 -1738.577 -862,768 13332.490 -396.475

30.000 16.283 3543.516 -1747.348 -871.820 13393.730 -562.80_

40.000 6.782 3S78.086 -1754.162 -1141.497 13472,770 -547.050

50.000 -4.306 3627.853 -1756,584 -1335.184 13569.430 -506,472

60.000 -15.080 3679.315 -1754.173 -1441.476 13666.320 -510.310

70.000 -25.133 3727.356 -1748.350 -1600.698 13748.860 -318.760

80.000 -32.239 3?39.993 -1738.996 -1673.445 13804.5S0 -140.866

90.000 -35.804 3774.286 -1727.573 -1678,620 13829.030 71.547

100.000 -35,070 3771.861 -1715.539 -1611.330 13818.830 255.147

110.000 -30,120 3753,943 -1704.430 -1489.683 13777.180 385,613

120.000 -21.617 3724.870 -1695.574 -1328.447 13712.800 467.467

130.000 -I0.415 _688.421 -1690.152 -1171.486 13633.840 461.672

140,000 1.828 3652.677 -1688.740 -1004.703 13553.250 421.622

150.000 13.752 3621.557 -1691.517 -860.485 13480.460 329.580

160.000 23.918 3599.406 -1698.013 -737.183 13423.870 202.880

1710.000 56.629 3566.504 -1699.797 -613.296 12687.240 -3,792

180.000 83,224 3521_565 -1711.795 -562.079 11988.680 -228.417

190.000 53.827 3511.730 -1729.274 -638.229 12619,370 -344.338

200.000 22.621 3517.800 -1738.577 -862.768 13332.490 -396,475

210.000 16.283 3543.516 -1747.348 -871.820 13393.730 -562.808

220.000 6.782 3578.086 -I_4.162 "1141.497 13472.770 -547,050

230.000 -4.306 3627.853 -1756.584 -1335.184 13569.430 -506,471

240.000 -15.080 36'79.315-1754.173 -1441.476 13666.320 -510.310

250.000 -25.133 3727,356 -1748.350 -1600.698 13748.860 -318.760

260,000 -32.239 3759.993 -1738.996 -1673.445 13804,550 -140.866

270.000 -35.804 3774.286 "1727.573 -1678.620 13829.030 71,547

280.000 -35.070 3771.861 -1715.539 -1611.330 13818.830 255.'147

290,000 -30,120 3753,943 -1704.430 -1489,683 13777.180 385.613

300.000 -21.617 3724.870 -1695.574 -1328.447 13712.800 467.467

310.000 -10.414 3688.421 -1690,152 -1171.487 13633.840 461.672

320.000 1.828 3652.677 -1688.740 -1004.703 13553.250 421.622

330,000 13,733 3621.557 -1691.517 -860.485 13480.460 329.579

340.000 23.918 3599.406 -1698.014 -737.183 13423.870 202.880
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350.000 56.630 3566.504 -1699.797 "613.296 12687.240 -3.792

360,000 83,224 3521,565 -1711,795 "562,079 11988,680 -228.417

Harmon4osof Rotor shaft Loads

Fxr Fyr Fzr Mxr Myr Mzr

cos(O*PSl) 0.000 3645.596 0,000 0.000 13417.380 0.000

sln(O.*PSI) 0.000 0,000 0,000 0,000 0,000 0,000

oos(PSl) 42.884 0,000 -1717.292 -625,288 -0.001 -144.024

sin(PSI) 1726.108 0.000 -35.208 -36.940 0.000 -1666.094

oos(2.*PSl) 0.000 -121.367 0.000 0,000 "543.361 0.000

sin(2.*PSI) 0.000 -36,943 0.000 0.000 -40.345 0.000

oos(3.*PSI) 10.331 0.000 1.834 0.763 0.000 -22.828

sln(3.*PSl) -2,286 0.000 0,792 28.029 0.001 14.056

cos(4.*PSl) 0.000 7.607 0.000 0.000 -255.006 0.000

sin(4.*PSl) 0.000 -12.744 0.000 0.000 -15.211 0.000

oos(5.*PSl) 9.647 0.000 1.363 31.431 0,000 -19.841

sln(5.*PSl) -1.224 0.000 0.376 -1.303 0.000 2.575

Harmonics of Hub Loads in Fixed Coordinates

Fxh Fyh Fzh Mxh Myh Mzh

cos(O*PSl) 3._38 3645.596 -1721.700 -1145,691 13417.380 -53.542

sln(O.*PSI) 0.000 0.000 0,000 0.000 0.000 0.000

cos(PSI) 0.000 0.000 0.000 0.000 0.000 0,000

sin(PSl) 0.000 0.000 0,000 0.000 0.000 0.000

cos(2.*PSl) 44.607 -121.367 6.469 527.812 -543.363 -115.911

sin(2.*PSl) 2.348 -36.943 -33,484 -65.054 -40.345 -512.993

cos(3.*PSI) 0.000 0.000 0.000 0.000 -0.001 0.000

sln(3.*PSl) 0.000 0.000 0.000 0.000 0.001 0.000

cos(4.*PSI) 9.781 7.606 1.067 10.356 -255.007 -6.669

sln(4.*PSl) -1.519 -12.744 0.242 11.869 -15.211 23.649

cos(5.*PSI) 0.000 0.000 0.000 0.000 -0.001 0.000

sin(5.*PSl) 0.000 0.000 0.000 0.000 0.000 0.000

B-22



THIS IS THE TURBULENTLOADSOUTPUTFILE

15.0000 0.290082 -4849.11 -2788.7"7 - 1521.38
-547.663 13347.6 -734.451
30. O00G O.407125 - 4869.42 -3016.36 - 1426.99

-500.884 12993.0 -1034.65
45. 0000 O.513719 - 4950•44 -3409.65 - 1524.08

-384. 535 11387.6 - 1313.41
60,0000 0,599161 -4635,69 -3462,06 -1463,24

-239.181 11499.6 - 1600.35
75.0000 0.664704 -3630.25 - 2913.51 - 1393.49

-90,8391 10778.3 - 1761.08
90.0000 0.709339 - 2814.88 - 2697.22 - 11163.01
39.1511 11812.2 -1723.46
105.000 O.717143 - 2379.58 - 2880.73 -965.598
198.780 11880.0 - 1608.53
120.000 0.679682 - 2608.66 - 3668.34 - 892.347
349,482 11864,4 -1422.99
135,000 O,598025 -2945,63 -4444,34 -102I.48
466,243 11609.6 -1160,91
150.000 O.4?6935 - 3309.21 - 5272.06 - 952.531
536.781 12965.0 -715.713
165,000 0,315479 -3681.35 -5814,07 -I_,121,25
617.939 13123.2 -341,400
180,000 O.124328 -4051,85 -6340,58 -1391,53
589.503 11794.4 191.288
195.000 -0.960621E-01 -4012.97 -6109.44 - 153,5.71
595.164 12959.3 544.118
210,000 -0.316486 -4175,13 -6085.49 -1249,28
523.573 13594.5 979.355
225.000 -0.522088 -4112.10 -5693.56 -1209.80
395.764 12281.1 1363.59
240.000 -0.710312 -3494.74 -4581.28 -1335,89
236.239 11978.4 1673.04
255.000 -0.874621 -3186.94 -3584.23 -1392,13
101.532 12030.6 1740.47
270.000 -0.992994 -3101.46 -2889.71 - 1267.27

-64.0715 11846.0 1779.42
285.000 - 1•05482 -3355 . 18 - 2546.99 - 1237.34

-240.000 11322.1 1718.50
300. 000 - 1.05755 - 3931. 28 - 2540.08 - 1342.70

-395.122 11954.8 1555.25
315.000 -0.999440 -5118.86 -3153.70 -1566.21

-485.228 12908.5 1203.05
330.000 - 0.873824 -6122.80 -3830.01 - 1771,19

- 592. 406 13327.9 880. 624
345.000 -0.691812 -7068.84 -4562.66 -2042.54

-654. 269 12708.8 451. 860
O.000000 - O.462763 -7457.66 -4874.85 - 2204.38
-623.413 12007.4 -81.5192
15.0000 - O.190389 -7028.93 -4618.07 - 1900.44

-627.344 13214.8 -493.470
30.0000 0.987588E-01 -5963.82 -3882.37 -1544.04

-563.545 12940.4 -893.276
45. 0000 0• 380350 -4613.02 - 2966.55 - 1232.20

-445.280 12308.5 - 1267.42
60.0000 0.640600 - 2889.45 - 1812.19 - 1060.22

-275.868 11280.6 -1542.84
75. 0000 0. 867753 - 1463.31 - 1000.04 - 997,492
-129,152 9730,94 -1688,56
90.0000 1.04812 -640.104 -918.096 -675.693
39,7621 10110,6 -1716,54
105. 000 1.16363 -353. 009 - 1328.49 - 588.716
228. 823 10730.8 - 1661. 87
120. 000 1. 20403 - 793.897 - 2372.28 -705. 528
400.653 10553.1 - 1513.66
135. 000 1•17066 - 1677.02 - 3740.58 -803. 344
547.797 11547.1 - 1331.24
150•000 1. 07367 - 2593.56 - 5075•21 - 1173.03
637.194 11852.1 -937.132
165. 000 O.913021 - 3662.34 - 6457.85 - 1325.70
680.690 11335.8 -452.119
180.000 0.684709 -3620.12 -6469.05 - 14131.78
658.897 I0_. S 58___567
195.000 O,394031 -3404,65 -5979,74 -1221,29
634. 640 12193.3 395. 335
210.U00 0.790550E-01 - 1822.75 -4045.45 -1097.25

590.171 11563.7 793.737
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225.000 -0.233243 -703,825 -2463,43 -8"?'2.113
477. 264 10865.4 1169.09
240.000 -0.526019 33.7644 -1159.01 -689.081
355.148 9872.02 1423.03
255.000 -0.779283 -173.352 -636.544 -721.331
152.388 11126.5 1609.34
270.000 -0.978223 -1277.17 -1125.05 -809.666

-49. 2744 11001.0 1769.27
285.000 -I.11989 -3102.66 -2146.19 -1232.14

- 198.800 10505. 7 1613.21
300. 000 - 1.18177 -4739.16 - 3160.15 - 1560.01

-373,170 11304.7 1497,77
315.000 - 1. 16008 - 5936.85 -3829.46 - 1817.33

-489.451 11779.6 1230.62
330. 000 - 1. 05794 - 6305,16 - 3835,01 - 1902,58
-619.896 12352.0 921.223
345.000 -0.886711 -6314.91 -3561.25 -2018.02
-676.901 11971.9 459.266
0.000000 -0.650222 -5249.60 -2480.84 -1796.56
-634.560 10509.4 -60.1369
15.0000 -0.355479 -3707.42 -1242.54 -1158.33

-650. 003 11359.9 -362.736
30.0000 -0.439645E-01 -2292.14 -124.512 -784.282

-577'.154 11614.6 -791.932
45 . 0000 0. 260034 - 1407.88 305. 645 - 646. 202

-453. 798 10989.3 - 1153.27
60. 0000 O. 542554 - 1106.63 103. 273 - 771. 998

-304.652 9913.58 -1489.68
75.0000 O. 791507 =1279.85 -865.254 -850.803

-168.099 10108.2 -1529.61
90.0000 0.972950 - 1696.29 - 1927.19 - 1053.47
25.8220 9539.03 - 1637.22
105.000 I.07684 -1973.96 -2874.12 -1036.94
197.217 10091.6 -1604.48
120.000 I.10167 -1962.07 -3404.40 -1132.24
382.268 10654.5 -1500.60
135.000 1.05541 -1711.40 -3666.19 -1030.41
535.889 10645.5 - 1256.92
150.000 0. 946787 - 1123.68 - 3443.44 - 1040.89
625. 359 10481.3 - 901.718
165. 000 _. 780727 - 576. 995 - 3160.17 -978.73 1
621.507 10316.1 -399.326
180. 000 0 •550889 150. 906 - 2586.74 -681 . 623
642.799 9505.01 101.586
195. 000 O. 263422 533. 404 - 1864.79 -662.127
681. 428 10543.2 346. 620
210.000 -0.344865E-01 570.383 -1594.65 -503.466
567.408 10581.5 851.285
225.000 -0 . 330759 241.368 - 1498.35 - 599.425
459.302 9410.91 1213.92
240.000 -0.611221 -997.502 -2068.14 -755.397
354.753 11208.6 1418.68
255.000 -0.840260 -2092.62 -2501.27 -1040.18
151.858 10633.3 1601.10
270.0 O0 - 1. O0164 -3374.82 - 3131. 87 - 1306.04

- 28. 5940 9968.63 1676.50
285.000 - 1.08695 - 4354.85 - 3435.48 - 1391.55
-174.574 11633.7 1594.57
300. 000 - 1 .08499 -4300.57 -2848.66 - 1463.69

-329.861 11144.5 1430.30
315.000 -0.999652 -4175.46 -2344.74 -1381.25

-490.783 11113.4 1240.45
330.000 -0.848475 -4134.99 -1921.25 -1352.58

-568.465 11447.5 830,650
345.000 -0.641658 -3694.44 -1368.93 -1217.67
-646.935 11064.4 498.551
0.000000 -0.398416 -3257.31 -835.145 -1205.82
- 609. 674 9864.71 - 78.8622

15.0000 -0.114463 -2600.93 -296.051 -1052.58
- 582. 247 10532.9 - 534. 716
30. 0000 O. 192962 - 1878.21 108.195 -967. 234
-549.695 10088.2 -883.685
45.0000 0.495333 -1108.16 423.021 -872.849
-428.244 9434.06 -1245.I0

- 60.OOOO U.7?Sb57 -51_.ZU_ _68.ZZ6 -966.B21
_-- -320.146 8525.18 - 1460.56

75.0000 1.00047 165.397 415.640 - 773.023
- 181.561 9278.67 - 1547.41

=
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90.0000 1.14352 394.403 -30.7065 -706.373
13.6396 8784.83 -1596.31
105.000 1.19146 276.813 -670.636 -892.065
200.048 10070.0 -1614.54
120.000 1.15195 -417.097 -1905.19 -922.714
363.756 9654.80 -1473.27 !
135.000 1.03766 -1508.77' -3394.42 -1121.94
538.090 10328.3 -1281.36
150.000 0.868437 -2549.85 -4751.17 -1201.02
63?.469 10954.6 -946.370
165.000 0.659164 -2828.06 -5202.72 -1434.26
6/+6.824 11358.0 -463.798
1BO.O00 0.412465 -1863.28 -4270.94 -1555.39
632,218 9342.19 37.5869
195.000 0.132063 -777.240 -3035.99 -1064.74
647.329 10312,2 402.266
210.000 -0.149132 423.483 -1545.34 -594.580
593.966 10675.2 780.617
225.000 -0.406365 1264.31 -345.575 -386.196
467.837 10333.0 1180.55
240.000 -0.630098 622.589 -415.112 -364.081
318.825 10609.0 1394.93
255.000 -O.798948 -771.819 -1200.20 -781.015
151.625 10649.6 1561.43
270.000 - 0.898365 - 2977.11 -2761.18 - 1297.14

-25,5090 10474.7 1607.49
285.000 -0,918391 -5033.75 -4234.57 -1651.96

-183.601 11429.3 1548.99
300.000 -0.860711 -6238.81 -5070.13 -1718.08

-362.582 11785.2 1511.37
315.000 -0.749173 -6241.02 -4655.08 -1789.88

-486.804 12241.4 1234.28
330.000 -0.600422 -6143.02 -4289.51 -1628.80

-618.926 12871.8 972.646
345.000 -0.441627 -5745.81 -3695.00 -1504.51

-692.?34 12462,7 603.578
0.000000 -0.289338 -4995.60 -2704.20 -1594.51
-666.264 11137.8 31.7181
15.0000 -0.134163 -/d_2.24 -2196.38 -1268.97
-632.350 11812.8 -368.200
30.0000 0.13680BE-01 -3533.00 -1320,49 -1271.35

-552.374 11135.4 -844.533
45.0000 0.157206 -2360.67 -482.620 -1100.57
-462.728 10159.3 -1135.94
60.0000 0.285412 -1222.85 173.269 -846.547

-327.099 10445.5 -1371.23

L
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PROGRAHSTRAP1

C ***************,_t_****,*******_,*****************************

' C * *

C * DISCLAIMER *
C * w

C * Neither the United States Department of Energy, the *
C * National Renewable Energy Laboratory, the Midwest *
C * Research Institute nor anyone else *
C * who has been involved in the *

c * creation, production or delivery of this program shall *
C * be liable for any direct, indirect, consequential, or *
C * incidental damages arising out of the use, the results *
C * of Use, or inability to use this program even if the *
C * United States Department of Energy has been advised of *
C * the possibility of such dan_ges or claim. Some states *
c * do not allow the exclusion or limitation of Liability *
C * for consL=<luential or incidental damages, so the above *
C * limitation may not apply to you. *
C * *

C ****************WW*W*W***W*WWW*W**'R*********************************

C * *

C * The STRAP Code *
C * *
C * STRAP calculates the forces and m<_ents on a two bladed *
C * teetering hub rotor due to aerodynamic, inertia[ and gravita- *
C * tional forces. The aeroch/namic effects include wind *

C * shear, tower shadow and the induced velocity due to the *
C * change in momentum of the air stream as it passes over *
C * the blade. In addition, the rotor's response to turbulent *
C * wirwdinputs is included in this version. The code also *
C * accounts for teetering rotors having understing, *
C * a concentrated hut_ss and delta-3. *
C * *

C ,, ,.Jtye_* W'k'W, **. *****1lr *****'* * * * ****tPJlr * * * * * ****"MW Wl_t***"A"W ** * *** * * *

C * *

C * Module I *
C * *

C * This program is the first of two modules that consti- *
C * tute the STRAP code. This 'first module interpolates the *
C * input data into a forth usable by the second module *
C * which does the actual modeling. This module also com- *

C * pules the coefficient matrix used for solving the blade *
C * flaps equation of motion. *
C * *

C * *

C * Questions about the original for.mJtation, theory, _th- *
C * cd of solution and progra_ing should be addressed to: *
C * *
C * Alan D. Wright *

C * National Renewable Energy Lab *
C * 1617 Cote Blvd. *

= C * Golden, CO 80401 *
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C * (303)231-7651 *
C * *

C * *
C * %/0 Convent i cns: *
C * *

C * Unit 1 - Input data file . *
C * Unit 2 - output data file *
C * Unit 5 o Keyboard *
C * Unit * - Monitor or keyboard *
C * *
C ***************************************************************

C * *
C * Extern. L references in this routine: *
C * *

C * COEFFS - Subroutine that computes the K and M coef- *
C * 'ficients used in solving the equations of *
C * blade motion. *
C * *
C * INPUT - Subroutine that reads in a set of blade and *
C * machine data and converts them to a form *
C * needed by the COEFFS subroutine. *
C * *

C * PRNCOE - Subroutine that creates the input data file *
C * for the second module. *
C * *

C ,1lr,_r, _* **, _*.1t_-1_***-lit tiff**, ,_MIf,,,, ,,llr_**,, _,,, ,_, ,_tM__, ,tit ,_r, ,R, ,1_,,,
C * *

C * Local and dummy variables used in this routine: *
C * *
C * ANS - Used to store input responses from the key- *
C * board. *

C * FILOUT - String that contains the name of the out- *

C , put file. lt is defined in INPUT. *
C * NP Number of blade property values used in *
C * performing composite Simpson_s integration *
C * for the K and M coefficient arrays. This *
C * number is approximately 10 times the NPTS *
C * va l ue. *

C * NPTS Number' of points along the blade used to *
C * perform Simpson_s integration for calcu- *
C * lating the moments and forces at the blade *
C * root *

C * NSIMP - Order of the composite 5impson's integra- *
C * tiorl used in the run. Parameter is set to *
C * 10 in order to make 21 blade property sta- *
C * ions. *
C * *

INTEGER NP
INTEGER NPTS
INTEGER NSIMP

CHARACTER*I ANS
CHARACTER*50 F%LOUT

PARAMETER ( NSIMP = 10 )

100 FORMAT (

& // _ Program For Analysis Of a 2-Bl_ Teetering Hub Rotor'

g / ' Dynamic Response and Loads Analysis'
& // _ MODULE I- STRAPI')

110 FORMAT ( / )
120 FORMAT ( A )

130 FORMAT ( / ' STRAPI terminated normally.' / )

C Calculate the number of blade property stations and interpola-
C tion points.
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NPTS = 2*NSIMP + 1
NP = 20*NSIMP + 1

C Print title.

PRINT 100

C Get input responses, generate coefficients, and write to output
c fiL_.

10 PRINT 110

CALL INPUT ( NP , NPTS , FILOUT )
CALL MODES (NP)
CALL COEFFS ( NP , NPTS )
CALL PRNCOE ( FILOUT , NPTS )

c Check to see if user wants to process another data file.

20 PRINT * I ,#

PRINT *, _Do you want to process another data file? (Y,=N) > '
READ 120, ANS

IF ( ( ANS .EQ. 'Y_ ) .OR. ( ANS .EQ. _y' ) ) GO TO 10

IF ( ( ANS .NE. 'N' ) .AND. ( ANS .NE. 'n' )
& .AND. ( ANS .NE, ' ' ) ) THEN

PRINT *, 'Invalid response. Please try again...'
GO TO 20

END IF

C Processing complete.

PRINT 130

STOP
END
BLOCK DATA

C * *
C * This module is used to initialize the COMMONblocks. *
C * *

C * *
C * Named COMMON blocks used in this routine: *
C * *

C * AERO - Aerodynamic blade properties derived from *

C * input aerodynamic data. *
C * BLADE Blade position dependent values that are *
C * computed by linear interpolation of the in- *

c * put property data. *
C * LITERL - Data file titles used for printed output. *
C * LODVAL - Holds components used in calculating blade *
C * Loads and deflections. *
C * MATRX1 - Holds some of the coefficient matrices of *
C * the governing equation of motion. *
C * MATRX2 - Holds some of the coefficient matrices of *
C * the governing equation of motion. *
c * PANELS - Used to communicate with the interpolation *
c * subrout i ne I NTERP. *

C * TENSIN - Holds tension components of the stiffness *
C * funct ions. *
C * TURBN - Turbine related variables. *
C * WIND Wind related variables. *
C * *

,,,,,
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C * *
C * External references in this routine: *
c * *
C * none *
C * *
C **************************************************************

C *************************************************************
C * *
C * COMMONvariables used in Module 1 of STRAP: *
C * *
C * ALENTH - Distance from the tower axis to the rotor *
C * hub. (feet) *
C * ALPHAO - The angle from the zero-lift Line to the *
C * section-chord line. (Generally negative) *
C * BETAO BLade coning angle. The value is input in *
C * degrees and converted to radians, (radians) *
C * BLSHNK - Length of blade shank measured from the *
C * blade root to the start of the airfoil sec- *
C * tion. If airfoil begins at the root, then *
C * BLSHNK=O. (feet) *
C * BLTIP - Blade length measured from the blade root *
C * to the blade tip. Note - rotor radius is '_
C * HUBRAD+ BLTIP. (feet) *
C * CDZERO- Drag coefficient values at equidistant *
C * points along the blade. Derived from *
C * ACDZERvalues. (dimensionless) *
C * CHI - Rotor tilt angle. Input in degrees and *
C * converted to radians. (radians) *

C * CHORD - Blade chord at equidistant points along the *
c * blade. Derived fro_l ACHORD. (feet) *
C * CIFMOM - Integral of DIFMOM. *
C * CKBEND - Bending stiffness matrix. *
C * CKQLOO - Inertial moment stiffening matrix. *
C * CKTCRL - Coriolis stiffening matrix. *
C * CKTGRV - Gravity stiffening matrix. *
C * CKTOMG- Centrifugal stiffening matrix. *
C * CLALFA - Slope of the lift curve at equidistant *
C * points along the blade. Derived from ACLALF *
C * values. (radians^-1) *
C * CLMAX The maximum or stall value of the lift co- *
c * efficient. Derived from ACLPJ_Xvalues. *
C * CMBLNC- Coefficient associated with the blade mass *
C * imbalance (OFFSET). *
C * CMGRAV- Mass coefficients associated with gravita- *
C * tional loads. *
C * CMGRV1- Sk_omatrix of CMGIb_V containing odd terms *
C * only. Used only with teetering hubs. *
C * CMMASS- Blade mass matrix. It is also used in the *
C * inertia force stiffening term. *
C * CMRGI)I- Submatrix of CMRIGD containing odd terms *
C * only. Used only with teetering hubs. *
C * CMRIGD - Mass coefficients associated with rigid bo- *
C * dymotion. *
C * CSUBMA- Pitching moment coefficient. *
C * DELTIM - Integral of DDELTI. ' *
C * DRGFRM- Drag coefficient form constant. *
C * ECNTFN - Complicated term. *
C * EIAREA - Moment of inertia values at equidistant *
c * points along the blade. Derived from *
C * AEIARE data values. (Lb-Ft**2) *
C * ESUBAC- Distance from the blade elastic axis to the *
C * aeroclyl_amic center. Positive if elastic *
C * axis is forward (toward leading edge) of *
C * aerod_w_mic center. Derived from AESBAC *
C * values. (feet) *
C * HUBHT Hub reference height above the ground. *
C * (feet) *
C * HUBRAD - Radius of rotor hub. (feet) *

C * IEMASS - Edgewise mass moment of inertia at equidis- *
c * tant points along the blade section. Der- *
C * ived from AIEMAS values. (Lb-sec^2) *

C * IFICASS- Flapwise mass moment of inertia at equidis- *
C * rant points along the blade section. Der- *
C * ived from AIFMAS values, (Lb-sec^2) *
C * _WADW - Mimn_w_rnf thump eh_u'Jnu ,_ w_th_n rh- *
C * tower shadow zone. *

C * MASS - Blade mass per unit length at equidistant *
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C * points along the blade. Input in Lbl/ft, *
C * via the input variable WEIGHT,and oonvert- *
C * ed to slugs/ft. (slugs/ft) *
c * NBLADS- Number of turbine blades. *
c * NSHAPS- NcmW_erof blade shape flalottons, 4 maximum. *
c * *
C * OFFMAS- Integral of DOFFMS. *
c * OFFSET- Distance from the elasttc axis to the mass *
c * axes of blade section. POsitive towards *
C * the leading edge. Derived from AOFFSTval- *
c * ues. Called E-sub-eta in the formulation. *
C * (feet) *
C * OMEGA- Rotor speed. Input in RPMand converted to *
c * radtans/second. (rad/sec) *
C * PHIO - Rotor mean yaw angle. (radians) *
C * PHIAMP - AmplltL_deof periodic yaw motion aboutmean *'
C * yaw angle. Input as degrees and converted *
C * to radtans, (radtans) *
C * PHIOHG- MaxinxJmyaNrate. Used internally to com- *
c * pule the yaw period. It can be used to tn + *
c * put a turbine steady yaw rate. Input as *
c * degrees/set and converted to radians/sec- *
C * ond, (radians/sec) *
c * PSIZER - Half angle width of the tower shadow re- *
c * gion. (degrees) *
C * SHERXP- Wind shear power exponent. *
C * STEP Distance between the equidistant data *
C * points along the blade. (feet) *
C * TCORLS- Blade tension coefficient due to coriolis *
c * effects. *
C * TGRAV - Blade tension coefficient due to gravity *
C * effects. *
C * THETAO- Orientation of the zero lift line with re- *
C * spect to the blade principalbendingaxis, *
C *, THETAP - The angle *
C * from the bendingaxis, XP, to the cone of *
c * rotation, X-axis, for the referencesta- *
C * tion. THETAP establishes the orientation *
C * of the flapping displacements. Positive *
C * angles are toward feather. Generally, the *
c * reference station section-chord line is *
c * taken as the bending (flapping) axis. *
C * (radians) *
C * THETAT- The built-in blade twist angle from the *
C * section-chord line at the reference station *
C * to the section-chord line at the tip of the *
C * rotor. Positive towardsfeather, *
C * TITLEI - First line of the data file title. *
C * TITLE2 - Second line of the data file title. *
C * TITLE3 - Third line of the data file title. *
c * TOMGA - Blade tension coefficient associated with *
c * centrifugal force effects. *
C * TSUBO - TOWel"shadow wind speed offset component. *
C * TSUBP - Tower shadow sinusoidal ccxBponent. *
C * VHUB - Air speed at the height of the hub. *
C * (ft/sec) *
C * XLEFT Radial positions of the blade property data *
C * points. These are monotonically increasing *
C * values from O.O at the root to R at the *
C * tip. (feet) *
C * *
C ***************************************************************

INCLUDE tC: INCLUDE\AERO.I NC'

INCLUDE 'C: INCLUDE\BLADE.INCt

INCLUDE _C: I NCLUDE\LITERL.INC'

INCLUDE , C: I NCLUDE\LODVAL.INC'

INCLUDE 'C: INCLUDE\MATRX1.INCt

INCLUDE tC: INCLUDESMATRX2.INCt

INCLUDE ' C: INCLUDE\PANELS.INC'
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INCLUDE _C=INCLUDE\TENSlN.INCe

INCLUDE _C:INCLUDE\TURBN,INC_

INCLUDE eC:INCLUDE\WIND,INCt

END
SUBROUTINECAPS( STRING )

C ***************************************************************

C * *
C * Subroutine CAPS is used to convert alphabetic chara¢- *
c * ters into upper case, lt assumes that all the Lower *
c * case Letters are in one contiguous block and all the *
c * upper case Letters are in another contiguous block, _
c * This routine will need to be changed to work with a *
c * noncontiguous character set Like IBMts EBCDIC, I¢ is *
C * not needed for an upper case only character set Like *
c * CDC_sDisplay code. *
c * *
C ***************************************************************

C *************************************************************

C * *
C * NamedCOMMONblocks used in this routine: *
c * *
c * none *
c * *
c ***************************************************************

c ****************************************************************
c * *
c * External references in this routine: *
C * *
C * none *
c * *
c ***************************************************************

c ***************************************************************
c * *
c * Loca[ and dummyvariables used in this routine: *
C * *

C * DIFF - Numerical difference between IA_ and 'a'. *
c * I - Generic index. *
C * LENGTH- The declared length of the given string. *
C * STRING- The string needing to be converted to Lq_per *
C * case. *
C * *
C ************************************************************

INTEGER DIFF
INTEGER I
INTEGER LENGTH

CHARACTER*(*) STRING

C Compute the nul_ricaL difference between tA_ and _at .

DIFF = ICHAR( eal ) - ICHAR( IAI )

C Get the Length of the string.

LENGTH= LEN( STRING )
J

C Look for lower case Letters. Convert them to upper case.

DO 100 I=I,LENGTH

IF ( (STRING(I:I) ,GE. ta_ ) ,AND.
& (STRING(I:I) .LE. _z' ) ) THEN

STRING(I:I)= CHAR( ICHAR(STRING(I:I)) - DIFF )

_
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END IF

100 CONTINUE

RETURN
END
SUBROUTINECOEFFS( NP , NPTS )

C ***************************************************************

C * *
C * This subroutine c_l_r_Jtes the coefficient matrices used *
C * in the solution of the blade equations of motion. *
c * Since these coefficients are independent of the post- *
C * tton or state of the blade, and are only dependent upon *
C * the blade properties, they are calculated independently *
c * of the solution to the equations of motion and are made *
C * available to the rest of the program through the COMMON *
C * blocks MATR×Iand MATRX2, *
C * *
C ***************************************************************

C **************************************************************

C * *

C * NamedCOt_HONbl_cks used in this routine: *
c * *
c * AERO - Aerodynamic blade properties derived from *
C * input aerocfi/namtc data. *
c * BLADE Blade position dependent values that are *
C * computed by linear interpolation of the in- *
c * ptlt property data. *
C * LOOVAL- Holds components used in calculating blade *
C * loads and deflections. *
c * MATRX1- Holds some of the coefficient matrices of *
C * the governing equation of motion. *
C * MATRX2- Holds someof the coefficient matrices of *
C * the governing equation of t_otion. *
c * TENSIN - Holds tension components of the stiffness *
C * functions. *
C * *

C ****************************************************************

C * *

C * External referencesin this routine: *
C * *

C * SIMPSN - Function that performs the composite Simp- *
c * son_s integration on the input data arrays. *
C * TRPZO0- Function that performs composite trapezot- *
C * dal integration. *
C * *

C * *

C * Local and dummy variablesused in this routine: *
C * *

C * BI,TBLT - Square of BLTIP. (feet**2) *
C * DDELTI - IEMASSo IFMASS. *
C * DIFMOM- Complicated term. *
C * DKBEND- Used to compute the integrals associated *
C * with the coefficient matrices. *
C * DIOiASS- Used to compute the integrals associated *
C * with the coefficient matrices. *
c * DKQLD - Used to compute the integrals associated *
C * with the coefficient matrices. *
C * DKTCRL- Used to compute the integrals associated *
c * with the coefficient matrices. *
c * DKTGRA- Used to compute the integrals associated *
C * with the coefficientmatrices. *
C * DKTOMG- Used to compute the integrals associated *
c * with the coefficient matrices. *
C * DMBALN- Used to compute the integrals associated *
C * with the coefficient matrices. *

= C _ DH_3Fu_V- Used _o compute the integrals associated *
- C * with the coefficientmatrices. *



C * DMRIGD- Used to oompuzo the Integrals associated *
c * with the coefficient matrices. *
c * DOFFMS- OFFSET*MASS, *
C * DTCOR1- Used to compute the integrals associated *
C * wlth the tens|on components. *
c * DTCOR2- Used to o_te the tntograLs caeca]sled *
o * ,trh the tension components. *
C * DTCOR5.. Used to compute the integrals associated *
c * with the ten, ion components. *
c * DTCOR4- Used to compute the Integrals associated *
c * wtth the tension components. *
c * DTOMGA- Used to uompute the Integrals associated *
c * ,trh the tension components. *
C * I - Gener|o index. *
C * IPT - Array Index used for trapezoidal tntegl'a- *
: * tI on. *
C * K - Gener]o index. ' *
C * L - Garteri c tndex. *
C * MARK1 - Used to determine which shape funotton to *
0 * USe, *

C * MARKK - Used to determine which shape function to *
C * USe, *

C * MARKK1- Used to determine whtoh shape function to *
C * use. *

C * MARKN . Used to determine which shape funotton to *
c * use. *
C * N - Generic tndox. *
C * NP - Number of blade property values used in *
c * p_rformtng composite stmpsonrs tntegrat|on *
c * for the M and K coefficient arrays. This *
C * number fs approximately 10 times the NPTS *
c * value. (passed from STRAP1) *
C * NPTS _ Number of points along the blade used to *
C * perform Simpson's integration for calcuLat- *
C * ing the moments and 'forces at tt_e blade *
C * root. (passed from STRAP1) *
C * SHP Array containing shape functions evaluated *
C * at regular intervals. *
C * SHPDD - First derivative of SHAPE with respect to *
C * location along the blade. *
C * SHPDOT- Second derivative of SHAPE,trh respect to *
C * location along the blade. *
c * X - Dummyvariable used to tndt_ate location *
C * along the blade for use by the tnternat *
C * shape functions, *
C * *
C **************************************************************

REAL DDELT! (201)
REAL DIFMOM(201)
REAL DKBEND(201)
REAL DKMASS(201)
REAL DKQLD (201)
REAL DKTCRL(201)
REAL DKTGRA (201)
REAL DKTOMG (201)
REAL DMBALN (201)
REAL DMGRAV (201)
REAL DMRIGD (201)
REAL DOFFMS(201)
REAL DTCOR1(201)
REAL DTCOR2(201)
REAL DTCOR3(201)
REAL, DTCOR4(201)
REAL DTOMGA (201)
REAL HUBCOF
REAL SIMPSN
REAL STEP
REAL TRPZOD

INTEGER I
INTEGER IPT
INTEGER K
INTEGER L
1NTEGER MARKI
INTEGER MARK2

: INTEGER MARKK1
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INTEGER MARKN
INTEGER N
INTUQBR NPLAO
XNTBGBR NP
INTEGER NPTS

INCLUDE _C11NCLUDE\ABRO,INCt

INCLUDE _CslNCLUDE\BLADE,INCI

INCLUDE _CtlNCLUDE\CONST.INCe

INCLUDE SCtlNCLUDE\LOOVAL.INCt

INCLUDE _CsINCLUDE\MATRXI.INC_

INCLUDE eCslNCLUDE\MATRX2olNC_

INCLUDE eCtlNCLUDE\TENSIN.INCI

INCLUDE tC=INCLUDE\MOOALolNCS

INCLUDE _C:INCLUDE\HUBPRP.INCe

INCLUDE _C=INCLUDE\TURBNolNC_

INCLUDE _C=INCLUI)E\SPRINQ°INC1

1000 FORMAT( / i Oenerattng aoeffto|ent matrtoas and property _
& i _ arrays,.° _ )

B000 FORMAT( +&done.+ )

C ****************************************************************

C * *

C * FiLL the intermediate _unotton arrays whtoh are used to *
C * compute the tension component trttegraL_. *
c * *
C ****************************************************************

STEP= BLTIP/( NP - 1.0 )

DO200 I=ltNP

DTOHGA(I) = MASS(1)*( HUBRAD.+ STEP*( I - 1 ) )
DTCORI(1) = MASS(I)*SHP(I_I)
DTCOR2(I) = MASS(I)*SHP(2eI)
DTCOR3(I) = MASS(1)*SHP(3tI)
DTCOR4(I) = MASS(I)*SHP(4_I)

200 CONTINUE

C ****************************************************************

C * *

C * Con_outethe tension component integrals. Each tension *
C * component ts calculated by integrating from a spectftc *
c * position on the blade out to the blade tip, *
C * *

C ****************************************************************

DO300 ;=I,NP

TONGA(I) = TRPZO0(DTOH(]Aq I , NP q BL'rIP )
TGRAV(I) = TRPZO0(MASS , I e NP , BLTIP )

TCORLS(1,1) = TRPZOD(DTCOR1s I , NP , BLTIP )
TCORLS(2,1) = TRPZOD(DTCOR2_ I , NPt BLTIP )
TCORLS(3sI) = TRPZO0(DTCOR3_ I , NPt BLT_P )
TCORLS(4,I) = TRPZO0(DTCOR4e I , NPe BLTIP )

300 CONTINUE

_
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C * *

O * Compute the ooefftotent matrtoes, PLease note that *
C * only the upper trtangLe eLmnents are oomputed. *
C * *

NFLAQ = I

DO 470 K_I,4

DO 440 L=K,4

MARKI = I + NFLAQ*(-I)**(K + l )
MARK2 = I + NFLAQ*(-I)**(K + L + I )

IF ( HARK1 .NE, 0 ) THEN

C FILl the Intermedl,tefunot4onarrays whloh are used
C to oompUte the stiffness and loadtng aoeffto|ent n_-
C trloes.

DO 400 I=I,NP

DKBEND(!) = EIAREA(1)*SHPDD(K,I)*SHPDD (_,I)
DKMASS(1)= MASS (1)*SHP (K,I)*SHP (L,I)
DKQLD(I) = IFMASS(1)*SHPDOT(Ktl)*SHPDOT(L,I)
DKTOMQ(1)= TOMQA(1)*SHPDOT(K,I)*SHPDOT(L,I)

400 CONTINUE

C Compute the K,Lth elementof the ooeffictent matrioes,,

CKBEND(K,L)= SlMPSN( 0.0 , BLTIP , NP , DKBEND )
CKTOMQ(K,L)= SIMPSN(0.0 , BLTIP , NP , DKTOHG )
CKQLOD(K,L)= IFMASS(NP)*SIIPDOT(K,NP)*SHP(L,NP)

& - SIMPSN(0.0 , BLTIP , NP , DKQLD )
CMMASS(K,L)= $1HPSN(O.U , BLTIP , NP , DKMASS )

ELSE

CKBEND(K,L) = 0.0
CKTOHQ(K,L)= 0.0
CKQLOD(KoL)= 0.0
CMHASS(K,L)= 0.0

ENDIF

IF ( MARK2.NE. 0 ) THEN

DO 410 I=I,_!P
410 DKTQRA(1)= TGRAV(1)*SHPDOT(K,I)*SHPDOT(L,I)

CKTGRV(K,L)= SIMPSN(0.0 , BLTIP , NP , DKTQRA )

ELSE

CKTGRV(K,L) = 0,0

END IF

C Index into coefficientmatrlx for coriolisst]ffenlng.

DO 4]0 N=I,4

MARKN = I + NFLAG*(-I)**(K + L + N )

IF ( MARKN .NE. 0 ) THEN

DO 420 I=I,NP
420 DKTCRL(1)= TCORLS(N,I)*SHPDOT(K,I)*StlPDOT(L,I)

CKTCRL(N,K,L)= SIMPSN(0.0 , BLTIP , NP , DKTCRL )

ELSE
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CKTCRL(N,K,L)=O.O

ENDIF

430 CONTINUE

CKTCRL(1,K,L)=O.

440 CONTINUE

C Compute elements of coefficient matrices which use only a
C single index. Fill intermediate function arrays first, then
C compute the elements of the matrices.

MARKK = 1 + NFLAG*(-1)*_K
MARKK1 = 1 + NFLAG_(-1)**( K + 1 )

IF ( MARKK .NE. 0 ) THEN

DO 450 I=I,NP

DNRIGD(I) = MASS(I)*( HUBRAD+ STEP*( I-1 ) )*SHPCK,I)
DMBALN(_) = MASS(I)*SHP(K,I)*OFFSET(])
DMGRAV(1) = MASS(I)*SHP(K,I)

450 CONTINUE

CMRIGD(K) = SIMPSN( 0.0 , BLTIP , NP , DMRIGO )
CHBLNC(K) = SIMPSN( 0.0 , BLTIP , NP , DMBALN)
CMGRAV(K) = SIMPSN( 0.0 , BLTIP , NP , DMGRAV)

ELSE

CMRIGD(K)=O.
CHBLNC(K)=O.
CMGRAV(K)=O.

ENDIF

IF ( MARKK1 .NE. 0 ) THEN

DO 460.I=1,NP

DMRIGD(I) = MASS(I)*( HUBRAD+ STEP*( I'1 ) )*SHP(K,I)
DMBALN(1) = MASS(I)*SHP(K,I)WOFFSET(I)
DMGRAV(1) = MASS(1)*SHP(K,I)

460 CONTINUE

rJ_RGDI(K) = SIMPSN( 0.0 , BLTIP , NP , DMRIGD )
CMGRVI(K) = SIMPSN( 0.0 , BLTIP , NP , DMGRA_)

ELSE

CMRGDI(K) = 0.0
CMGRVI(K) = 0.0

.FNDIF

470 CONTINUE

C *'*'Afrt_ *_r _lr_r_L'_-I_k'_* * * _tllr_l_t_r riper_-t-ltllr*_ _l,_l_t-_lele _ltr _. _

C w ,

C * Once the diagonal and upper triar_ular elements are *

C * coccxzt:ed, reflect the upper triangle onto the lower *
C * one. _'
C * *

_

DO 520 K=1,3

- DO 510 L=K+I,4

CKBENDCL,K) = CKBEND(K_L)

__
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CKQLOO(L,K) = CKQLQO(K,L)
CKTGRV(L,K) = CKTGRV(K,L)
CKTOMG(L,K) = CKTOMG(K,L)
C1Q_ASS(L,K) = CMMASS(K,L)

DO 500 N=1,4
500 CKTCRL(N,L,K) = CKTCRL(N,K,L)

510 CONTINUE "_

520 CONTINUE

C Multiply certain matrix elements by CTHP in order to
C to take care of the difference in orientation between

C the teetering motion frame and the flapping axes.

CTHP = COS(THETAP*3.1415926536/180.)

CMMASS(1,3)=CHMASS(1,3)*CTHP
CMMAS$(3,1)=CI_SS(3,1)RCTHP
CKTGRV(1,2)=CKTGRV(1,2)*CTHP
CKTGRV(2,1)=CKTGRV(2,1)*CTHP
CKTGRV(1,4)=CKTGRV(1,4)*CTHP
CKTGRV(4,1)=CKTGRV(4,1)*CTHP
CKTOMG(I,3)=CKTOMG(I,3)*CTHP
CKTOMG(3,1)=CKTOMG(3,1)*CTHP

C *******--*--**--*********************--*********
C * *

C * The following arrays are used to compute the Loads and *
C * moments for completion of MOOULE 2. *
C * *

DO 600 I=I,NP

DDELTI(Z) = IEMASS(I) " IFMASS(I)
DOFFM$(I) = OFFSET(I)*MA3S(I)

600 CONTINUE

DO 610 I=I,NPTS

IPT = 10"( I - 1 ) + 1

DELTIM(I) = TRPZO0( DDELTI , IPT , NP , BLTIP )
OFFHAS(I) = TRPZO0( DOFFMS , IPT , NP , BLTIP )

610 CONTINUE

DO 640 N=I,4

DO 620 I=I,NP
620 DIFMOM(I) = IFMASS(I)*SHPDOT(N,I)

DO 630 I=I,NPTS

IPT = 10"( I - I ) _' I

CIFMOM(N,I) = TRPZO0( DIFMOM , IPT , NP , BLTIP )

630 CONTINUE

640 CONTINUE

C _;_;_;;_**1_Ir_*11r_11_*11r_*_r_*_r_rl_r_

C * These tension and property arrays will be used in *
C * MODULE2 to compute the loads and moments. *
C * *

DO 700 I=I,NPTS

- IPT = 10"( I - 1 ) + 1

_
=
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CHORD (I) = CHORD(IPT)
ECNTFN(I) = OFFSET(IPT)*MASS(IPT)*( HUBRAD

& + BLTIP*( I-1 )/( NPTS-1 ) )
TGRAV (I) = TGRAV(IPT)
THETAO(I) = THETAO(IPT)
TOMGA (I) = TOMGA(IPT)

TCORLS(1,I) = TCORLS(1,IPT)
TCORL$(2,1) = TCORLS(2,1PT)
TCORLS(3,1) = TCORLS(3,1PT)
TCORLS(4,1) = TCORLS(4,1PT)

700 CONTINUE

IF ( UNDSLG .EQ. 0.) THEN
HUBCOF= O.

ELSE
HUBCOF= 0.5*( UNDSLG-HUBDIS)* HUBMAS/BLTIP

& + TGRAV(1)*UNDSLG/BLTIP
ENDIF

CMHUBI(1) = HUBCOF
KOSTIF(1) = KO/((BLTIP)**2)
KISTIF(1) = KI/((BLTIP)**2)
K2STIF(1) = K2/((BLTIP)**2)
DAMP(1) = CDAMP/(BLTIP**2)

DO 750 J = 2,NSHAPS
CMHUBI(J) = O.
KOSTIF(J) = O.
KISTIF(J) = O.
K2STIF(J) = O.

DAMP (J) = O.
750 CONTINUE

C * *

C * Generation of coefficient matrices and property arrays *
C * is complete. *
C * *

RETURN
END

SUBROUTINE MODES(NP)

REAL CF1
REAL CF2
REAL CF2DOT
REAL CF2DD
REAL CF3
REAL CF]DOT
REAL CF]DD
REAL CF4
REAL CF4DOT
REAL CF4DD
REAL CF5
REAL CF5DOT
REAL CFSDD

REAL ASUM(8,8)
REAL BSUM(8,8)
REAL CSUM(8,8)
REAL DSUM(8,8)
REAL BLTBLT
REAL EY,BEND(201)
REAL EKMASS(201)
REAL EKTOMG(201)

; KEAL ETOMGA(Z01)
REAL I/lAG(B)
REAL OMGA2
REAL SIMPSN
REAL STEP
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REAL POLY(8,201)
REAL POLYDT(8,201)
REAL POLYDD(8,201)
REAL TTOMGA(201)
REAL TRPZO0
REAL X
REAL QPRIME(8,8)
REAL QTRANS(8,8)
REAL PRDCTI(8,8)
REAL PRDCT2(8,8)
REAL VALU(8)
REAL VECTRI(8,8)
REAL VECTR2(8,8)
REAL VECTR3(8,8)

INTEGER I
INTEGER K
INTEGER L
INTEGER NP
INTEGER NDIM
INTEGER NDP

INCLUDE 'C:INCLUDE\BLADE.INCI
INCLUDE eC:INCLUDE\HOOAL.INC'
INCLUDE _C:INCLUDE\TURBN.INC _
INCLUDE IC:INCLUDE\CONST2.INCI
INCLUDE IC:INCLUDE\SPR%NG.INC t
INCLUDE _C:INCLUDE\HATRXI.INC _

CHARACTER*50 MOOOUT

1100 FORMAT (A)

C Coordinate shape functions and their derivatives.
C These functions are polynomials that satisfy the
C boundary conditions for a cantilever blade, namely
C zero displacement and zero slope at the root.
C These functions will be used _n linear combinations
C using a Rayleigh Ritz type procedure to determine the
C natural frequencies and modeshapes of the blade.

c Teetering shape

CFI(X) = HUBRAD/(BLTIP+HUDRAD)*(1.-X) + X

C Shape function for first symmetric bending

CF2(X) = X**2*(X*(X-4.0) + 6.)/3.
CF2DOT(X) = 4.*X*(X*(X-3.)+3.)/5.
CF2DD(X) = 4.*CX*(X-2.)+I.)

C Shape function for asymmetric bending and derivatives:

CFS(X) = X*_SwCX*CS.*X-lO.)+10.)/3.
CF3DOT(X) = 5.*X**Zw(x*(5.wX-8.)+6.)/3.

j CFSDD(X) = 20.*X*(X*(3.*X-6.)+5.)/3.

C Shape function for second symmetric bending and derivatives:

CF4(X) = X**4*CX*(2.*X - 6.) + 5.)
EF4DOT(X) = 2.*X**3*(X*(6.*X-15.) + 10.)
CF4DD(X) = 60.*X*'2"( X*(X-2.) + 1.)

C Extra shape function and it's derivatives:

CF5 (X) = X**5*( X*( IO.*X - 28.) + 21.)/5.
CFSDOT(X) = 7.*X**4"( XW( 10.*X - 24.) . 15.)/5.
CFSDD(X) = 14.*Xer*3*(X*(10.*X " 20. ) + 10.)

C In the following set of polynomial shape function, every
"" purK_ ymmet- C ,-'-_---_,u,,m-,=,=__F_=y...._ ,._. "-'T(1,1//ruL_urre_ _ Lo un as ricai

C mode. Each even numbered ment>er corresponds to a symmetrical mode.
= C There are three functions for each subspace, corresponding to a

C total dimension of 6x6 for the matrices, to solve for the modeshapes.
C Only the lowest two modes in each subspace are retained, i.e. two

_
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C asymmetrical modes, and two symmetrical modes. All coefficient matrices
C passed on to module two will thus be of order 4x4.
C Note that the first shape function for the asymmet_cal modes is the
C rigid body teeter mode, whereas the first mode for the symmetrical modes
c is the po(ynomial CF2(x).

STEP = 1./(NP-1.)
BLTBLT= BLTIP**2
X= O.

DO 110 l = 1,NP

POLY(1,I) = CFI( X)*CDELT3
POLYDT(1,I) = CDELTS/(BLTIP+HUBRAD)
POLYDD(1,I) = O.

POLY£2,I) = CF2(X)
POLYDT(2,]) = CFZDOT(X)/BLTIP
POLYDD(2,I) = CF2DD(X)/BLTBLT

POLY(3,I) = CF2(X)
POLYDT(3,]) = CF2DOT(X)/BLTIP
POLYDD(3,]) = CF2DD(X)/BLTBLT

POLY(4,1) = CF3(X)
POLYDT(4,]) = CFSDOT(X)/BLTIP
POLYDD(4,X) = CF3DD(X)/BLTBLT

POLY(5,]) = CF3(X)
POLYDT(5,%) = GFSDOT(X)/BLTIP
POLYDD(5,]) -- CF_;DD(X)/BLTBLT

POLY(6,I) : CF4(X)
POLYDT(6,1) = CF&DOT(X)/BLTIP
POLYDD(6,]) = CF4DD(X)/BLTBLT

POLY(7,I) = CF4(X)
POLYDT(7,I) = CF4DOT(X)/BLTIP
POLYDD(7,I) = CF4DD(X)/BLTBLT

POLY(8,!) = CFS(X)
POLYDT(8,I) = CFSDOT(X)/BLTIP
POLYDD(8,I) = CFSDD(X)/BLTBLT

X = X + STEP
110 CONTINUE

C Fill the intermediatefunctionarrays which are used to
C compute the tensioncomponent integralfor the
C centrifugalstiffeningmatrix.

X-O.
STEP= BLTIP/(NP - 1.) 1_

DO 200 I = I,NP

ETOMGA(1)= MASS(1)*(HUBRAD+ STEP*( 1-I ))
200 CONTINUE

C Compute the tension component integral.

DO300 I = I,NP

'TTOMGA(I)= TRPZOO(ETOMGA,I, NP, BLTIP)
300 CONTINUE

C Compute the coefficient matrices: ASUM, BSUM,CSUM.
C ASUMis the bending stiffness matrix, BSUMis the
C centrifugal stiffening matrix, and CSUMis the
C mass matrix.

DO 470 K = 1,8 r

--- DO 440 L = K,8
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DO400 I = 1, NP

EKBEND(I) = EIAREA(I)_POLYDDCK,I)*POLYDD(L,!)
El(MASS(I ) = MASS(I )*POLY(K, I )*POLY(L, I )
EKTOt_G(I ) = TTOMGA(I)*POLYDT(K,! )*POI.YDT(L, I )

400 (ONTI NUE

C Computethe K,L th elementof the coefficientmatrices.

ASUM(K,L) = SIMPSN(O., BLTIP, NP, EKBEND)
BSUM(K,L) = 5IMPSN(O., BLTIP, NP, EKTOMG) /
CSUM(K,L)= SIMPSN(O. BLTIP, NP, EKMAS_) /

440 CONTI NUE ' ,, /

470 CONTINUE /

C Once the diagonal and upper triangular elements are
C computed, reflect the upt_r triangle onto the Lower
c one,

ASUM(1,2)=0.
ASUM(1,4)=0.
ASUM(1,6)=0.
ASUM(1,8)=0.
ASUM(2,3)=O.
ASUM(2,5)=O.
ASUM(2,7)=O.
ASUM(3,4)=O.
ASUM(3,6)=O.
ASUM(3,8)=O.
ASUM(4,5)=O.
ASUM(4,7)=0.
ASUM(5,6)=O.
ASUM(5,8)=O.
ASUM(6,7)=O.
ASUM(7,8)=O.

BSUM(12)=0.
BSUM(14)=0.
BSUM(I6)=0.
BSUM(18)=0.
BSUM(23)=0.
BSUM(25)=0.
BSUN(27)=0.
BSUM(34)=0.
BSUM(36)=0.
BSUM(38)=0.
BSUM(45)=0.
BSUN(47)=0.
BSUM(56)=0.
BSUM(5.8)=0.
BSUN(6.7)=0.
BSUN(7,8)=0.

CSUM(1,2)=0.
CSUM(1,4)=0.
CSUM(1,6)=0. _'
(SUN(1,8)=0. i
CSUM(2,3)=O.
CSUM(2,5)=O.
(SUM(2,7)=0.
CSUM(3,4)=O.
CSU_(3,6)=O.
CSUM(3,8)=O
CSUM(4,5)=0
(SUM(4,7)=0
CSUM(5,6)=O
CSUM(5,8)=O
(SUM(6, 7)=0
CSUM(7,8)=O.

DO 520 K = 1,7

DO 510 L = K+I,8

ASUM(L,K) = ASUM(K,L)
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BSUM(L,K) = BSUH(K,L)
CSUM(L,K) = CSUH(K,L)

510 CONTINUE
520 CONTINUE

NDiH = 8
NDP = 8

C Add the Centrifugal stiffening term to
c the bending stiffness terms.
C Form the new matrix DSUM

OMGA2= OMEGA* OMEGA* .010966227

DO 1820 I = 1,NDIM
DO 1830 J = 1,NDIM

DSLIH(I,J) = ASUH(I,J) + OMGA2*BSUM(I,J)

1830 CONTINUE
1820 CONTINUE

CALLJACOBI(CSUM,NDIM,VALU,VECTR1)

CALLEIGSRT(VALU,VECTR1,NDIM,NDP)

DO880 I = 1, NDIM
DO870 J = 1, NDIM

SVALU= SQRTEVALU(J))
QPRIME(I,J) = VECTRI(I,J)/SVALU

870 CONTINUE
880 CONTINUE

DO 900 I = 1,NDIH
DO 890 J = 1,NDIH

QTRANS(J,I) = QPRIME(I,J) ii
890 CONTINUE !=
900 CONTINUE

i

CALLMULT(QPRIHE,DSUM,PRDCT1,NDIM,NDIM)
CALLMULT(PRDCT1,QTRANS,PRDCT2,NDIM,NDIM)

CALLJACOBI(PRDCT2,NDIM,VALU,VECTR2)
CALLEIGSRT(VALU,VECTR2,NDIM,NDP)
CALL MULT(VECTR2,QPRIHE,VECTR3,NDIM,NDIM)

C The frequencies of interest are actuaLLy the square rct_l:tls
C of the caLcuLated eigenvalues.

DO 9'15J = I,NDIM
SUMSQ = O.

DO 910 I = I,NDIM
SUMSQ = SUMSQ + VECTR3(I,J)**2

910 CONTINUE
MAG(J) = SQRT(SUMSQ)

915 CONTINUE

DO 920 I = 2, NDIM
FREQ(1): SQRT(VALU(NDIM+I-I))

920 CONTINUE

FREQSQ = OMGA2+KO/(BLTIP**2*cSUM(I,I))
FREQ(1) = SQRT( FREQSQ)

DO 960 ! = 1,NDIM
DO 940 J = I,NDIM

LAMOA(I,J)= VECTR3(I,NDIM+I-J)/MAG(NDIM+I-J)
940 CONTINUE
960 CONTINUE

PRINT*,'Enter name of modeshapeand frequency file > e
READ1100, MOOOUT
PRINT * MOOOUT
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OPEN(8 t FILE = MQOOUT, STATUS = tUNKNC_N/)

WRITE(Be*) IFREQUENCIES = (RADIANS/SEC)
WRITE(8,*) (FREQEI), I=I,4)

DO 670 I = 1,4
DO 660 J = 1,NP

$HP(I,J) = O,
SHPDOT(I,J) = O,
SHPDD(IeJ) = O,

660 CONTINUE
670 CONTINUE

DO 700 I = 1,NP
DO 690 J = I,NDIM

DO 680 K = I,NDIM
SHP(J,I) = 5HP(J,I) + LAMDA(K,J)*POLY(K,I)
SHPDOT(J,I)= SHPDOT(J,I) + LAMDA(K,J)*POLYDT(K,I)
$HPDD(J,I) = SHPDDCJ,I) + LAMDA(K,J)*POLYDD(K01)

IF( J .EQ. I) THEN

SHPDD(J,I) = O.
ENDIF

,680 CONTINUE
690 CONTINUE
700 CONTINUE

DO 1400 I = I,NDIM
DO 1390 J = I,NP

SHP(I,J) = SHP(I,J)
SHPDOT(I,J) = SHPDOT(I,J)
SHPDD(I,J) = SHPDD(I,J)

1390 CONTINUE
1400 CONTINUE

WRITE(8,*) 'Modeshapes:'
DO 720 ] = I,NP,IO

WRITE(8,*) I, (SHP(J,I), J = 1,4)
720 CONTINUE

WRITE(B,*) ' '
WRITE(8,*) 'First Derivative of Modeshape /
DO 730 I = I,NP,IO

WRITE(8,*) I, (SHPDOT(J,I), J=I,4)
730 CONTINUE

WRITE(8,*) ' '
WRITE(B,*) 'Second DeriVative of Modeshape'
DO 740 I = I,NP,IO

WRITE(8,*) I, (SHPDD(J,I), J=I,4)
740 CONTINUE

RETURN
END

SUBROUTINE JACOBI(A,N,D,V)
PAP,N_ETER (NMAX=IO0)

REAL A(8,8)
REAL D(8)
REAL V(8,8)
REAL B(NMAX)
REAL Z(NM;bX)

INTEGER N

DO 12 IP = I,N

i DO 11 IQ = I,N
V(IP,IQ) = O.

11 ...........

V(IP,IP) = I.
12 CONTINUE
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DO 1S lP = 1iN
B(IP) = A(IPtlP)
D(IP) = B(IP)
Z(IP) : O.

13 CONTINUE

NROT= 0

DO 24 1 : 1,50
SM=O.
DO 15 IP = 1,N'1

DO 14 IQ = IP+I, N
SM= SM+ ABS(A(IP, IQ))

14 CONTINUE
15 CONTINUE

IF(SM .EQ. 0.) RETURN
IF(I .LT. 4) THEN

TRESH= 0.2*SM/N**2
ELSE

TRESH= O.
ENDIF

DO 22 IP = I,N'I
DO 21 IQ = IP+I,N

G = IO0.*ABS(A(IP,IQ))
IF( G .LT. 1.0E-OS)THEN
A(IP,IQ)=O.

ELSEIF(ABS(A(IP,IQ)).GT. TRESH)IHEN
H = D(IQ)-D(IP)
IF(ABS(H)+ G .EQ.ABS(Ht)THEN
T = A(IP,IQ)/H

ELSE

THETA = O.5*H/A(IP,IQ)
T = I./(ABS(THETA)+ SQRT(I.+ THETA**2))
IF(THETA .LT. 0.) T = -I.* T

ENDIF

C = I./SQRT(I+T**2)
S = T*C
TAU = S/(I.+c)
H = T*A(IP,IQ)
Z(IP) = Z(IP) " H
Z(IQ) = Z(IQ) + H
D(IP) = D(IP) " H
D(IQ) = D(IQ) + H
A(IP,IQ) = O.
DO 16 J=1, IP'I

G = A(J,IP)
H = A(J,IQ)
A(J,IP)= G'S*(H+G*TAU)
A(JaIQ)= H+S*(G'H*TAU)

16 CONTINUE

DO 17 J = IP+I, IQ-I
G = A(IP,J)
H = A(J,IQ)
A(IP,J) = G-S*(H+G*TAU)
A(J,IQ) = H+S*(G-H*TAU)

17 CONTINUE

DO 18 J = IO+1,N
G = A(IP,J)
H = A(IQ,J)
A(IP,J) = G-S*(H+G*TAU)
A(IQ,J) = H+S*(G-H*TAU)

18 CONTINUE

DO 19 J = I,N
G = V(J,IP)
H = V(J,IQ)
V(J,IP) = G'S*(H+G*TAU)
V(J,IQ) = H+S*(G-H*TAU)

19 CONTINHF

NROT = NROT + I
ENDIF

-
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21 CONTINUE
22 CONTINUE

DO 25 IP = I,N
B(IP) = B(IP) + Z(IP)
DCIP) = B(IP)
Z(IP) = O.

23 CONTINUE
24 CONTINUE

RETURN
END

SUBROUTINEEIGSRT(DrV,NeNP)

DIMENSIOND(NP),V(NP,NP)
DO 13 I = I, N'I

K=I
P=D(1)
DO 11J=I+I,N

IF(D(J) .GE.P)THEN
K=J
P=D(J)

ENDIF
11 CONTINUE

IF(K ,NE, I) THEN
D(K) = D(1)
D(1) = P
DO 12 J = I,N

P = V(J,I)
V(J,I) = V(J,K)
V(J,K) = P

12 CONTINUE
ENDIF

13 CONTINUE
RETURN
END

SUBROUTINEINPUT ( NP , NPTS , FILOUT )

C ************************************************************
C * *

C * SubroutineINPUTperforms the followingtasks: *
C * •

C * I - Opens inputand outputdata files. *
C * 2 - Reads in blade propertyand wind turbinedata. *
C * 3 - Checks validity of input data. *
C * 4 - Performs a linear interpolation between data *
C * pointsto providedata at the proper points for *
C * the COEFFSsubroutine. *
C * 5 - Performs unit conversions. *
C * ,
C **_*****_**********************************_*******************

C *************************************************************
C * *

C * External referencesin this routine: *
C * •

c * CAPS - Converts stringsto upper case. *
C * INTERP - Subroutinethat performsa linear interpo- *
c lationof the inputdata. *
c * •
C *******_********_*_*****_*_**_*_*******_***_**_*_*******_******

C ***************************************************************

C * *
C * Named COMMON blocks used in this routlne: *
C * •

C * AERO - Aerodynamicblade properties derived from *
C * input aerodynamicdata. *
C * BLADE - Blade position dependent values that are *
C * er_n_w_t_by !ine_r!nter_r__!_tionof the in- *
C * put propertydata. *
C * LITERL- Data file titlesused for printed output. *
C * PANELS- Used to coazm_icate with the interpolation *
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C * subroutirte INTERP, *
C _ TURBN - Turbine related variables. *
C * WIND - Wind related variables. *
c * *
c ***************************************************************

c ***************************************************************
c * *
c * Local and dummyvariables used in this routine= *
c * *
c _ ACDZER- Drag coefficient at each blade station, *
C * (dimensionless) *
c * ACHORD- Blade chord at each data station. (feet) *
c * ACLALF- Slope of lift curve at each blade station, *
C * (radtans**,l) *

c * ACLHAX- The maximumor stall value of the Lift co- *
c * efficient. *
c * AE%ARE- Moment of inertia of blade at data station, *
C * (I0"'6 Lb'Ft**2) *
C * AESBAC- Distance from elastic axis to aerodynamic *
c * center, Origin is at the eLasttc axts_ lt *
c * is poslt_ve tf the elastic axis is forward *
C * (toward the Leading edge) of the aerochmam- *
c * tc center. (feet) *
c * AIEHAS - Second mass moment of the blade cross sec- *
c * rien in the edgewise direction. (Lb-seo^2) *
C * AIFMAS - Second mass moment of the blade cross sec- *
C * tton in the flapwise direction. (Lb-sec^2) *
C * AOFFST- Distance from the elastic axis to the mass *
c * axes of blade section. Positive towards *
C * the leading edge. Called E-sub-eta in the *
C * forn_lation. (feet) * "
C * ATWIST - The blade built-in twist angle as a func- *
c * rien of position along the blade span, The *
C * built-in twist at each of ! stations, *
c * ATWIST is the angle from the section-chord *
C * line at the lth station to the section- *
c * chord Line at the tip. Genera(ly speaking, *
C * ATWIST(Reference Station) = THETAT. *
C * ERROR - Error flag ind_,a_ing an invalid XLEFTor- *
C * ray, *
C * FILEIN - Literal containing the name of the input *
c * data file. *
C * FILOLIT- Literal containing the nameof the output *
c * data file, *
C * GEAV - constant of gravitational acceleration as *
C * measured at sea level. (feet/second**2)
C * I - Generic index, *
C * HP - NLmd_er'of blade property values used in *
C * performing composite Simpson_s integration *
C * for the M and K coefficient arrays, This *
C * number is approximately 10 times the NPTS *
C * value, *
C * HPAHEL- Number of blade property values to be read *
C * in from the input data ftle, *
C * NPTS - Number of points along the blade used to *
c * perform Slmpson'sintegrationfor calculat- *
C * ing the m_nts and forces at the blade *
C * root. *
C * RAD2DG- Degrees to radians conversion factor. *
C * RTWlST- The blade tWist angle relative to the zero- *
C * lift Line. (radians) *
C * WEIGHT- Blade section weight per unit length. In- *
C * put as blade stationdata. (Lbf/ft) *
C * *
C ************************************************************

REAL ACDZER(11)
REAL ACHORD(11)
REAL ACLALF(11)
REAL ACLMAX(11)
REAL AEIARE (11)
REAL AESBAC(11)
REAL AIEMAS (11)
REAL AIFMJ_5(11)
REAL AOFFST(11)
REAL ATWIST(11)
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REAL GRAV
REAL RAJ_2DQ
REAL RTWIST(1i)
REAL WEIGHT(11)

INTEGER I
iNTEGER NP
INTEGER NPANEL
INTEGER NPT8

LOGICAL ERROR

CHARACTER*50 FILEIN
CHARACTER*50 FILOUT

INCLUDE 'C:]NCLUDE\AERO.INCI

INCLUDE 'C:INCLUDE\BLADE,INCt

INCLUDE ,C=INCLUDE\I.ITERL.INC_

INCLUDE 0C:INCLUDE\PANELS,INCt

INCLUDE tC:INCLUDE\TURBN,INCt

INCLUDE _C:INCLUDE\TRBINF°INCt

INCLUDE *C:INCLUDE\WIND.INC'

INCLUDE 'C:INCLUDE\HUBPRP.INC°

INCLUOE 'C:INCLUDE\SPRING.INC'

DATA GRAV / 32.1740 /
DATA RAD2DG / 57,2957"7951308233 /

1000 FORMAT( / e Subroutine INPUT: Input and prooess new blade'
& / ' and turbinedata.' / )

1100 FORMAT( A )
1200 FORMAT ( / ' *** Invalidrasponse ***' / )
1300 FORMAT ( BN , 6X , F16.5 )
1400 FORMAT ( BN , 6X , 110 )
1500 FORMAT ( BN , 12X , 11( FI0.5 , : ) )
1550 FORMAT ( BN , 12X a 11( FI0.5 , : ) )
2000 FORMAT( // 3( 1X , A / ) / ' Parameter values:' / )
2100 FORMAT ( IX , A , F16.5 , IOX , A , 110)
2200 FORMAT ( IX , A , F16.5 , IOX , A , F16.5 )
2300 FORMAT( IX , A , 110 , 16X , A , F16.5)
2400 FORMAT( ' XLEFT WEIGHT AEIARE '

& ' AIEMAS AIFMAS AOFFST' / )
2500 FORMAT( 11 Fll.5 , 5F13.5 / : ) )
2600 FORMAT( / ACHORD ATWIST , ALCALF '

& , ACLMAX ACDZER AESBAC'/ )
2700 FORMAT( / STA-_)
2750 FORMAT ( 11 FI0.3/:))
3000 FORMAT( / >>> Error: Blade data do not start at blade root:'

& , <<<'
& / >>>' , 50X , '<<<'
& / >>> XLEFT(1) =' , F8.3 , ', but should bet
& zero. <<<')

3100 FORMAT( / >>> Error:Blade data do not end at blade tlp:'
<4< I

& ; >>>l , 46X , '4<<'
& / >>> XLEFT(' , I2.2 , I) =l F8.3
&
& _ , but should be <<<'>>> equal to BLTIP =' , F8.3
& , ' <<4' / )

3200 FORMAT( / ' >>> PLease correct tryout file and rer_ job <_<_
& 11/ ' STRAPterminatedabnormally due to the error listed'
& , ' above.' / )

NSHAPS= 4
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C Get input and output data ft le nan,s, Open the tr_put file,
C Determine rotor type. Read data from input file.

PRi NT 1000
PRINT *, tBntername of input datB file > e
READ 1100, FILEIN
PRINT'*, FILEIN

OPEN( 1 , FILE=FILEIN , STATUS=eOLDl )

PRINT * 11
PRINT *_ ,Entername of outputdata flte > e
READ 1100, FILOUT
PRINT *, FILOUT

CALLCAPS( FILOUT )

110 READ (I,1100) TITLEI
READ (I,1100) I'ITLE2
READ (I,1100) TITLE3

READ(I,1300) ALENTtl
READ (I,1300) ALPHAO
READ(1,1300) BETAO
READ(I,1300) BLSHNK
READ(1,1300) BLTIP
READ(I,1300) CHI
READ(I,1300) CSUBMA
READ(1,1300) DRGFRM
READ(1,1300) HUBHT
READ(I,1300) ttUBRAD
READ(I,1400) KSHADW
READ (I,1400) NBLADS
READ (I,1400) NPANEL
READ(1,1300) OMEr..-=A
READ(1,1300) PHIAMP
READ(1,1300) PfIIOMG
READ (I,1300) PHIO
READ (I,1300) PSIZER
READ (I,1300) SHERXP
READ(I,1300) THETAP
READ (I,1300) THETAT
READ(1,1300) TSUBP
READ(1,1300) TSUBO
READ(1,1300) HUBMA5
READ(1,1300) UNDBLG
READ(1,1300) HUBDIS
READ (I,1300) VHUB
READ(1,1300) DELT3
READ(1,1300) BETA1
READ(1,1300) BETA2
READ (I,1300) KO
READ (I,1300)'KT
_EAD (1,1300) K2
READ(I,1300) CDAMP

READ(1,1500) '( XLEFT (1) , I=I,NPANEL )
READ(I,1500) (WEIGHT(t) , I=I,NPANEL )
READ(1,1500) (AEIARE(1) , I=I,NPANEL )
READ (I,15005 (AIEMAS(1) , I=I,NPANEL)
READ (I,1500) (AIFMAS(I) , I=I,NPANEL )
READ(1.1500) (AOFFST(I) , I=I,NPANEL 5
READ (I,1500) (ACHORD(1) , I=I,NPANEL)
READ(I,15005 (AT_IST(1) , I=I,NPANEL )
READ (I,1500) (ACLALF(I) , I=I,_PANEL)
READ (I,1500) (ACLMAX(I) , I=I,NPANEL)
READ(1,15005 (ACDZER(1) , I=I,NPANEL 5
READ(I,1500) (AESBAC(1) , I=I,_PA_EL )
READ (I,14005 NUMSON
READ (I,1300),TIMINC
READ(I,1G00) MSTAT
READ(1.1550) (STA(I). I=I,MSTAT5

C Close input file,

k
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CLOSE(l)

C Echo input data.

PRINT 2000, TITLE1 t TITLE2 , TITLE3

PRINT 2100, SALENTtI = t s ALENTH, SNPANEL= i , NPANEL
PR!NT 2200, IALPHAO= i , ALPHAO, toMEGA = s , OMEGA
PRINT 2200e tBETA0 = t , BETAO , ePHiO = i , PHIO
PR1NT22000 tBLSHNK= i s BLSHNK, IPItIAMP = i , PHZAHP
PRINT 2200t tBLTIP = t , BLTIP , ipHlOMG= i , PHIOMG
PRINT 2200s ICHI = t _ CHI , IPSIZER = i , PSIZER
PRINT 2200, ICSUBHA= i , CSUBMA, tSHERXP= i , BHERXP
PRINT 2200t tDRGFRM= r , DRQFRM, sTHETAP= t , THETAP
PRINT 2200, JHUBHT = i , HUBHT , ITHETAT= i , THETAT
PRINT 2200, IHUBRAD= t , HUBRAD, ITSUBO = i s TSUBO
PRINT 2500_ IKSHADW= i , KSHADWt ITSUBP = i e TSUBP
PRINT 2500, SNBLADS= i , NBLADSe IVHUB = i i VHUB
PRINT 2200, _HUBHAS= i , HUBMAS, IUNDSLG= ' _ UNDSLG
PRINT 2200, IHUBDIS= t , HUBDIS, IDELTA3= i , DELT5
PRINT 22DOs IBETA1 = t , BETA1 , IBETA2 = s , BETA2
PRINT2200, IKO = i _ KO , iK1 = i , K1
PRINT 2200, SK2 = t , K2
PRINT 2200, ICDAMP = i , CDAMP
PRINT 2500, INUMSCN= ' , NUMSCN
PRINT 2200, ITIMIMC= I , TIMINC
PRINT 2500, tMSTAT = I , MSTAT

PRINT *, I l
PRINT *, aHlt <Enter> to continue...S

200 PRINT 2400
PRINT 2500, ( XLEFT(1) , WEIGHT(I), AEIARE(1), AIEMA$(1)
& , AIFMAS(1), AOFFST(1) , I=I,NPANEL)

PRINT *, ' '
PRINT *, eHit <Enter> to continue.., t

210 PRINT 2600
PRINT 2500, (ACHORD(1) , ATWIST(1) , ACLALF(1), ACLMAX(1)
& , ACDZER(1) , AESBAC(1) , I=I,NPANEL)

PRINT*, i ,
PRINT* _Hit <Enter>to ¢ontinue.

220 PRINT 2700
PRINT 2750, (STA(1), I=I,MSTAT)

PRINT *, s
PRIHT * _Hit <Enter>to continue

C Check validity of XLEFT array. XLEFT must start at blade root
C and end at blade tip.

300 ERROR= .FALSE.

IF (XLEFT(1) .NE. 0.0 ) THEN
PRINT_000, XLEFT(1)
ERROR= .TRUE.

END IF

IF (XLEFT(NPANEL) .NE. BLTIP ) THEN
PRINT _I00, NPANEL , XLEFT(NPANEL), BLTIP
ERROR = .TRUE.

ENDIF

IF ( ERROR) THEN
PRINT3200
STOP

END IF

C Performunit conversions- Lbm to slugs,degreesto radians.
_
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DO 400 I=I,NPANEL
WEIGHT(1)= WEIGHT(1)/GRAV
AEIARE(1)= AEIARE(1)*I.E06
AIEMAS(1)= AIEMAS(1)
AIFMAS(1)= AIFMA$(1)
RTWIST(1)= ( THETAT " ATWIST(1)" ALPHAO )/RAD2DG

400 CONTINUE

C Calculate the cosine , sine, and tangent of the delta-3 angle

DELT3 = (3.141593/180.)*DELT3
CDELT3= COS(DELT3)
SDELT3= SIN(DELT3)
TDELT3= TAN(DELT3)

C Perform linear interpolation of blade properties to set up
C arrays of blade property data at equidistantpoints along the
C blade. The arrays are used by the COEFFS subroutineto produce
C the coefficientmatricies.

STEP = BLTIP/(NP - I )

CALL INTERP( WEIGHT, MASS , NPANEL, NP )
CALL INTERP ( AIEMAS , IEMASS, NPANEL, NP )
CALL INTERP( AIFMAS , IFMASS, NPANEL, NP )
CALL INTERP ( AEIARE , EIAREA , NPANEL, NP )
CALL INTERP ( AOFFST, OFFSET, NPANEL, NP )
CALL INTERP ( ACHORD, CHORD , NPANEL, NP )
CALL INTERP ( RTWIST, THETAO, NPANEL, NP )

C These property arrayswill be used by the RUN subroutinefor
C solving the governing equations and for calculation of the
C loads and moments.

STEP = BLTIP/( NPTS - 1 )

CALL INTERP ( ACLALF0 CLALFA, NPANEL, NPTS )
CALL INTERP( ACDZER, CDZERO, NPANEL, NPTS )
CALL INTERP( AESBAC, ESUBAC, NPANEL, NPTS )
CALL INTERP( ACLMAX, CLMAX , NPANEL, NPTS )

RETURN
END
SUBROUTINEINTERP ( GIVEN , CMPUTD, NPANEL, NP )

C ************************************************************

C * *

C * This subroutine performs a linear interpolation of the *
C * input data set. The input blade data contains NPANEL *
C * data points. The data are interpolated to provide data *
C * at NP evenly spaced points. *
C * *
C ******************_-II_************************_*******_**********

C ********--**************************************************

C * *

C * Local and dummy variablesused in this routine: *
C * *

C * CMPUTD- Regularly spaced interpolated data. *
C * GIVEN - Unevenly spaced input data. *
C * IPNL - Index into the GIVEN array. *
C * JPT - Index into the CMPUTD array. *
C * MOVE - Flag to see if we've moved to the next pan- *
C * el. *

C * NP - Number of evenlyspaced data points. *
C * NPANEL- Number of unevenly spaced data points. *
C * PTR - Blade position pointer, lt is the location *
C * of the next interpolatedvalue. *
C * SLOPE - Slope of the line between two GIVEN data *
C * points. *
C * *

C *********_*******_"WW_*_******_**_*****_r_t**_********************
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INTEGER NP
INTEGER NPANEL

REAL CHPUTD(MP)
REAL GIVEN (NPANEL)
REAL PTR
REAL SLOPE

INTEGER IPNL
INTEGER JPT

LOGICAL HOVE

INCLUDE ,C:INCLUDE\PANELS.INC_

C InitializeGIVEN indexarw_Ix)inter.

IPNL = I
PTR = 0.0

C Con_}uteslope betweenfirst two data points.

SLOPE = (GIVEN(2) - GIVEN(1) )/XLEFT(2)

C Computeproperty at each of the NP evenlyspeced points.

DO 20 JPT=I,NP'I

CMPUTD(JPT)= GIVEN(IPNL) + SLOPE*( PTR " XLEFT(IPNL) )

PTR = PTR+ STEP

C Make sure that the new data point is inside the current
C pane*. Otherwise, move over one step.

IF ( JPT .LT. NP-1 ) THEN

MOVE= .FALSE.

10 IF ( PTR .GT. XLEFT(IPNL+I) ) THEN
IPNL = IPNL+ I
MOVE = .TRUE.
GOTO 10

END IF

IF ( HOVE ) SLOPE = ( GIVEN(IPNL+I)- GIVEN(IPNL))/
& ( XLEFT(IPNL+I)- XLEFT(IPNL))

END IF

20 CONTINUE

CJ4PUTD(NP)= GIVEN(NPANEL)

RETURN
END
FUNCTIONLNTH ( STRING )

C **_**1t_,*_n_r**_k"j_*1t-jr_4_r*_r_1_*_*1t_r******_*******1_r*************_

C * *
C * Function LNTHreturns the Length of a character string. *
C * When_ing the Lahey F77L c_npiler, the intrinsic func- *
C * *ion NBLANK can be used as we do here. This function *
C * was s_q_liedto make conversionto other co.I)ilerseas- *
C * ier. *
c * *

C * *
C * NamedCOMM(Obtocks use(] in this routine: *
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C * *
C * none *
C * *

C ***************************************************************
C * *
C * Variables used in this routine: *
C * *
C * IC - Generic index. *
C * LENGTH - The declared length of STRING. *
C * LNTH - The location of the last nonblank character *
C * in STRING. *

C * STRING - A character string. *
C * *

INTEGER IC
INTEGER LENGTH
INTEGER LNTH

CHARACTER*(*) STRING

C Get the declared length of STRING using the FORTRAN 77 intrinsic
C function LEN.

LENGTH = LEN( STRING )

C Find the location of the Last nonblank character in STRING.

DO 100 IC=LENGTH,I,-I

LNTH = IC

IF (STRING(IC:IC) .NE. ' ' ) GO TO 200

100 CONTINUE

C STRING is all blanks.

LNTH = 0

200 RETURN
END
SUBROUTINE PRNCOE ( FILOUT , NPTS )

C * *

C * This subroutine writes the data required to run MOOULE *
C * 2 into the run data file. Variable names are included *
C * in the file for informational purposes only. All vari- *
C * ables written into the run data file have been defined *

C * previously. Named common blocks AERO, BLADE, TURBN and *
C * WIND first appear in subroutine INPUT. Named common *
C * blocks MATRXI and MATRX2 are c_puted in subroutine *
C * COEFFS. *
C * *

C * *
C * Named COMMONblocks used in this routine: *
C * *

C * AERO AerodynBmic blade properties derived from *
C * input aerodynamic data. *
C * BLADE Blade position dependent values that are *
C * computed by linear interpolation of the in- *
C * put property data. *
C * LITERL - Data file titles used for printed output. *
C * LODVAL " *
C * MATRXI - Holds some of the coefficient matrices of *

C * the governing equation of motion. *

C-28



C * MJ_TRX2 - Holds some of the coefficient matrices of *

C * the governing equation of motion, *
C * TENSIN - Holds tension components of the stiffness *
C * functions. *
C * TURBN Turbine related variables. *
C * WIND - Wind retated variables. *
C * *
C ****************************************************************

C ' **************************************************************

C * *
C * Local and dummy variables used in this routine: *
C * *
C * COL Column index into matrices. *

C * FILOUT - Literal containing the name of the output *
C * data file. *
C * I - Generic index. *
C * N - Generic index. *

C * NPTS - Number of points along the blade used to *
C * perform Simpson's integration for calculat- *
C * ing the moments and forces at the blade *
C * root. (passed from STRAPI) *
C * NSHPS Number of blade shape functions. Set to 1 *
C * for use by MODULE2. *
C * ROW - Row index into matrices. *
C * *

INTEGER COL
INTEGER I
INTEGER LNTH
INTEGER N
INTEGER NPTS
INTEGER NSHPS
INTEGER ROW

CHARJ_CTER*50 FILOUT

INCLUDE 'C:INCLUDE_AERO.INC'

INCLUDE 'C:INCLUDE\BLADE.INC'

INCLUDE 'C:INCLUDE\LITERL.INC'

INCLUDE 'C:INCLUDE\LODVAL.INC'

INCLUDE 'C:INCLUDE\MA,TRXI.INC'

INCLUDE 'C:INCLUDE\MATRX2.1NC'

INCLUDE 'C:INCLUDE\TENSIN.INC'

INCLUDE 'C:INCLUDE\TRBINF.INC'

INCLUDE 'C:INCLUDE\TURBN.INC'

INCLUDE 'C:INCLUDE\WIND.INC'

INCLUDE 'C:INCLUDE\HOOAL.INC'

INCLUDE "C:INCLUDE\HUBPRP.INC'

INCLUDE 'C:INCLUDE\SPRING.INC'

2000 FORMAT ( 3( A / ) / )
2100 FORMAT ( A )

3000 FORMAT ( / 13X , 'ALENTH' , 18X , 'ALPHAO' , 18X , ' BETAO'
& / 3( IPE24.10 ) )

3100 FORMAT ( / 13X , 'BLSHNK' , IBX , ' BLTIP' 0 18X , ' CHI '
& / 3( IPE24.10 ) )

3200 FORMAT ( / 13X , 'CSUBMA' , 18X ° 'DRGFRM' , 18X , ' HUBHT'
& / 3( IPE24.10 ) )

3300 FORMAT ( / 13X , 'HUBRAD' , 18X , ' OMEGA' , 18X , ' PHIO '
& / 3( IPE24.10 ) )

3400 FORMAT ( / 13X , 'PHIAMP' , 18X , 'PHIOMG' , 18X , 'PSIZER'
& / 3( IPE24.10 ) )

3500 FORMAT ( / 13X , 'SHERXP' 0 18X , 'THETAP' , 18X , 'THETAT'



L .... , iiLh , ,

& / 3( IPE24.10 ) )

3600 FORMAT( / 13X , ' TSUBO' , 18X , I TSUBP' , 18X , ' VHUB '
& / 3( IPE24.10 ) )

3700 FORMAT( / 1OX , 'KSHADW' , 12X , 'NBLAD'$'
& , 12X , 'NSHAPS' , 12X , ' NPTS ' / 114 , 3( 118 ) )

3800 FORMAT ( / IOX , 'DELTA3= ', F6.2)
3810 FORMAT ( / IOX , 'UNDSLG= ', F6.2)
3820 FORMAT( / 1OX , 'HUBMAS= ', F6.2)
3830 FORMAT ( / 1OX , 'HUBDIS= ', F6.2)
3840 FORMAT ( / 1OX , IBETA1 = l, F6.2)
3850 FORMAT ( / 1OX , _BETA2 = t, F6.2)
3660 FORMAT ( / 1OX , 'NUMSCN= ', I6 )
3870 FORMAT ( / 1OX , tTININC- _, F10.5)
3880 FORMAT ( / 1OX , I MSTAT = i, [3 )
4000 FORMAT ( / A , 26( / 4( 1PE18.7 , : ) ) )
5000 FORMAT ( / I CKTCRL(I , I2 , I,K,L)-I , 4( / 4( 1PE18.7 ) ) )
6000 FORMAT( / A / 4( 1PE18.7 ) )
6050 FORMAT( / ' $TA(I) -_ , 26( / 5( 1PE14.3, : )))
6100 FORMAT( / 0 TCORLS(' , I1 , t,I)-t , 26( / 4( 1PE18.7 , : ) ) )
7000 FORMAT( / ' CIFMOM( I , I1 , I,I)-I , 26( / 4( 1PE18.7 , " ) ) )
8000 FORMAT( / ' Data for MOOULE2 have been written to ' , A , t.'

& /)

Open output data file.

OPEN ( 2 , FILE=FILOUT , STATUS='UNKNOWN' )

Put titles and hub type in run data file.

WRITE (2,2000) TITLEI , TITLE2 , TITLE3

Put scalar values into run data file,

WRITE (2,3000) ALENTH , ALPHAO , BETAO
WRITE (2,3100) BLSHNK , BLTIP , CHI
WRITE (2,3200) CSUBMA , DRGFRM , HUBHT
WRITE (2,3300) HUBP.J_ , OMEGA , PHIO
WRITE (2,3400) PHIAMP , PHIOMG , PSIZER
WRITE (2,3500) SHERXP , THETAP , THETAT
WRITE (2,3600) TSUBO , TSUBP , VHUB

Use the value I for NSHAPS, which is tha preferred value for

MOOULE2. Use the variable name NS_IPSto avoid overwriting
NSHAPS.

NSHPS = 1

WRITE (2,3700) KSHADW , NBLADS , NSHPS , NPI'S

DELT3 = DELT3*180./3.14159
WRITE (2,3800) DELT3
WRITE (2,3810) UNDSLG
WRITE (2,3820) HUBMAS
WRITE (2,3830) HUBDIS
WRITE (2,3840) BETAI
WRITE (2,3850) BETA2

Put turbulence calculation info into run data file.

WRITE (2,3860) NUMSCN
WRITE (2,3870) TIMINC
WRITE (2,3880) MSTAT

WRITE (2,6050) (STA(1), I=I, MSTAT)

Put vector values into run data file.

WRITE (2,4000) ' CLALFA-' , (CLALFA(1) , ]=I,NPTS )
WRITE (2,4000) ' CLMAX -' , ( CLIC_EX(1) , I=I,NPTS )
WRITE (2,4000) ' CDZERO-' , ( CDZERO(1) , I=I,NPTS )
WRITE (2,4000) ' CHORD- ' , ( CHORD (1) , I=I,NPTS )
WRITE (2,4000) ' ECNTFN-' , (ECNTFN(1) , I=I,NPTS )
WRITE (2,4000) ' ESUBAC-' , (ESUBAC(1) , I=I,NPTS )



WRITE (2,4000) ' THETAO-' , (THETAO(1) , I=I,NPTS )

C PUt matrix coefficient values into run data file.

WRITE (2,4000) ' CKBEND-'
& , ( (CKBEND(ROW,COL) , COL=1,4 ) , ROW=I,4 )
WRITE (2,4000) ' CKTOMG-'

& , ( (CKI'OMG(ROW,COL) , COL=I,4 ) , ROW=I,4 )
WRITE (2,4000) ' CKTGRV-'

& , ( (CKTGRV(ROW,COL) , C0L=i,4 ) , ROW=I,4 )
WRITE (2,4000) ' CKQLOD-'

& , ( (CKQLOD(ROW,COL) , C0L=I,4 ) , ROW=I,4 )
WRITE (2,4000) ' CMMA$S"

& , ( (CMMASS(ROW,COL) , COL=I,4 ) , ROW=I,4 )

DO 500 N=I,4

500 WRITE (2,5000) N , ( (CKTCRL(N,ROW,COL), C0L=I,4 ), ROW=I,4 )

C Put vector coefficient values into run data file.

WRITE (2,6000) ' CMRIGD-' , (CMRIGD(1) , I=I,4 )
WRITE (2,6000) ' CMRGDI-' , (CMRGDI(1) , I=I,4 )
WRITE (2,6000) ' CMBLNC-' , (CMBLNC(1) , I=I,4 )
WRITE (2,6000) ' CMGRAV-' , (CMGRAV(1) , I=I,4 )
WRITE (2,6000) ' CMGRVI-p , (CMGRVI(1) , I=I,4 )
WRITE (2,6000) ' CMHUBI-' , (CMHUBI(1) , I=I,4 )
WRITE (2,6000) ' KOSTIF-' , (KOSTIF(1) , I=I,4 )
WRITE (2,6000) ' KISTIF-' , (KISTIF(1) , I=I,4 )
WRITE (2,6000) ' K2$TIF-' , (K2STIF(1) , I=I,4 )
WRITE (2,6000) ' DAMP -' , (DAMP(1) , I=I,4 )

C Put matrix tension values into run data file.

DO 600 N=I,4
600 WRITE (2,6100) N , (TCORL$(N,I) , I=I,NPTS )

C Put vector gravity and centrifugal stiffening values into run
C data file.

WRITE (2,4000) ' TGRAV-' , (TGRAV(1) , I=I,NPT$ )
WRITE (2,4000) ' TOMGA-' , (TOMGA(1) , I=I,NP_S )

C Put property values into run data file.

DO TO0 N=I,4

700 WRITE (2,7000) N , (CIFMOM(N,I) , I=I,NPTS )

WRITE (2,4000) ' DELTIM-' , (DELTIM(1) , I=I,NPTS )
WRITE (2,4000) ' OFFMAS-' , (OFFMAS(1) , i_I,NPTS )

DO 710 I = I, 201, 10
WRITE(2,*) (SHP(J,I), J=I,4)

710 CONTINUE

DO 720 I = I, 201, 10
WRITE(2,*) ($HPDOT(J,I), J=I,4)

720 CONTINUE

DO 730 I = I, 201, 10
WRITE(2,*) (SHPDD(J,I), J=I,4)

730 CONTINUE

C Run file generation con_)lete. Print message and close file.

WRITE (*,8000) FILOUT(I:LNTH(FILOUT))

CLOSE ( 2 )

RETURN
END

FUNCTION SIMPSN ( LOWLIM , UPLIM , NPT$ , FOFX )
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C * *

C * This function performs composite Simpson's integration *
C * on a given set of data points. The formulation appears *
C * in: *

C * Carnahan, et _l, Applied Numerical Methods, John *
C * Wiley and Sons, NY, pp. 78-79. *
C * *

C ***************************************************************
C * *

C * Local and dummy variables used in this routine: *
c * *

C * FOFX - Array of data points to be integrated. They *
C * are treated as the value of a function eval- *

C * uated at a specific point. *
C * H - Subinter_=l size. *
C * I - Generic index. *

C * LOWLIM - Lower limit of integration. *

C * UPLIM - Upper limit of integration. *
C * NPTS - Number of base points given by 2"N+I, where *
C * N is the number of applications of Simpson's *
C * rule. See NSIMP in the main program. Note: *
C * When calling from subroutine COEFFS, the *
C * value of NP is used instead of NPTS. *

C * SIMPSN - Value of the integral from LOWLIM to UPLIM. *
C * *

REAL FOFX (201)
REAL H
REAL LOWLIM
REAL SIHPSN
REAL UPLIM

INTEGER I
INTEGER NPTS

C Compute the subinterval size and initialize the integral.

H = ( UPLIM - LOWLIM )/( NPTS - I )
SIMPSN = 0.0

C Add in the intern_diate points. In the formulation, all even
C numbered points have coefficient of 4. In this c_se, the index
C must be shifted to form the proper coefficient.

DO 10 I=2,NPTS-I,2
10 SIMPSN = SIMPSN + 4.0*FOFX(1) + 2.0*FOFX(I+I)

SIMPSN = SIMPSN + FOFX(1) - FOFX(NPTS)

SIMPSN = H*SIMPSN/3.0

RETURN
END

FUNCTION TRPZOD ( FOF , LOWLIM , NP , BLTIP )

C * *

C * Function TRPZO0 performs composite trapezoida[ integra- *
C * lion on a set of data points transmitted from the *
C * calling routine. For derivation of the formula and *

C * limitations, see Carnahan, p. 78 (see full reference in *
C * comments for function SIMPSN). For computational effi- *
C * ciency, the interval width is not used in the formula- *
C * tion until the end when it is multiplied by the sum. *
C * *
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C * *
C * Local and dummy variablesused in this routine: *
C * *

C * FOF - Array of data points to be integrated.They *
C * are treated by this function as the value *
C * of a functionevaluatedat specificpoints. *
C * (duiTmm/argument) *
C * H Subintervallengthgiven by H=(B-A)/N. *
C * I - Index into the FOF array. *
c * LOWLIM - Index of the lower integrationlimit. The *
C * blade positionindexedby LOWLIM is given *
C * by BLTIP*(LOWLIM-I)/(NP-I). (dummyargu- *
C * ment) *

C * NP Nund_erof evenly spaceddata points. (dummy *
,C * argument)

C * TRPZOD - Value of the integralfrom the blade posi- *
C * lion indexedby LOWLIMto BLTIP. *
C * *
C *************************************************************

REAL BLTIP
REAL FOF (201)
REAL H
REAL TRPZOD

INTEGER I
INTEGER LOWLIM
INTEGER NP

C Check to see if the lowerand upper Limitsof integrationare
C the same. If so, the integralis zero.

IF ( LOWLIM .EQ. NP ) THEN

TRPZO0= 0.0
RETURN

END IF

C Comi_Jtethe distance betweendata po;nts.

H = BLTIP/(NP - I )

C Initializeintegral to the contributionof the end points.

TRPZOD = 0.5*(FOF(L_LIM) + FOF(NP) )

C If there are only two data points,then we are done.

IF ( LOWLIM+I .EQ. NP ) GO TO 20

C Add in the contributionof the intermediatepoints.

DO 10 I=LOWLIM+I,NP-I
10 TRPZOD = TRPZCE)+ FOF(1)

C Multiplyby the intervalwidth and return.

20 TRPZO0= H*TRPZOO

RETURN
END
SUBROUTINEMULT ( AMATRX , BMATRX,RESULT,M , N )



C * Subroutine HULT premultipties two incoming matrices *
C * together. The result is stored in the RESULT matrix. *
C * All matrices are considered to be square matrices up to *
C * up to order 4. The matrix AMATRX gets multiplied *
C * by the matrix BMATRX. *

************************************************************

C ***********************************************************
C * *
C * External references in this routine: *
C * *
C * none *
C * *
c ***************************************************************

c *************************************************************
C * *
C * Named COMMON blocks used in this routine: *

C * NONE *
C * *

C ***************************************************************
C * *

C * Local and dummy variables used in this routine:" *
C * *

C * AMATRX - The incoming matrix to be premultiplied by *
C * the inverse CMMASSmatrix. *
C * BMATRX - The other inclining matrix which does the *
C * multiplying. *
C * RESULT - The result matrix of the multiplications *
C * I - Generic index, *
C * J - Generic index. *
C * K - Generic index. *
C * M - Number of rows in the incoming matrix. *
C * N - Number of columns in the incoming matrix. *
C * *

REAL AMATRX (8,8)
REAL BMATRX(B,B)
REAL RESULT(8,8)

INTEGER I

INTEGER J
INTEGER K
INTEGER M
INTEGER N

C Multiply AMATRX by BMATRX putting the result into RESULT.

DO 30 I=I,M

DO 20 J=I,N

RESULT(I,J) = O.

DO 10 K=I,M
10 RESULT(I,J) = RESULT(I,J) + BMATRX(I,K) * AMATRX(K,J)

20 CONTINUE

30 CONTINUE

RETURN
END
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PROGR/&MSTRAP2

C **************************************************************
C ' * *
C * DISCLAIMER *
C * *

C * Neither the United States Department of Energy, the *
C * National Renewable Energy Laboratory, *
C * the Midwest Research Institute nor anyone else *
C * who has been involved in the *

c * creation, production or delivery of this program shall *
C * be Liable for any direct, indirect, consequential, or *
C * incidental damages arising out of the use, the results *
C * of use, or inability to use this program even if the *
C * United States Department of Energy has been advised of *
C * the possibility of such dalI_ges or claim. Some states *
C * do not allow the exclusion or limitation of Liability *
C * for consequential or incidental damages, so the above *
C * limitation may not apply to you. *
C * *
C ***_*****************************************_***************

C ***************************************************************

C * *
C * The STRAP Code *
C * *

C '* STRAP calculates the forces and n_nts on a teetering *
C * hub rotor due to aerodyna_lic, inertial and gravita- *
C * tional forces. The aerodynamic effects include wind *
C * shear, tower shadow and the induced velocity due to the *

C * change in ny_mentum of the air stream as it passes over *
c * the blade. In adclition, the code can calculate the rotor *
C * response and Loads to turbulent w_nd inputs. *
C * *
c **************************************************************

C **************************************************************
C * *

C * Module 2 *
C * *

C * This program is the second of two modules that consti- *
C * tute the STRAP code. This second module performs the *
C * actual nx)del run, coml_Jtes the loads and prints the re- *
C * sults to an external data file. *
C * *

C *********************** ***************************************

C * *

C * Questions about the original formulation, theory, math- *
C * cd of solution and programming should be addressed to: *
C * *

C * Alan D. Wright *
C * Wind Research Branch *

C * National Renewable Energy Laboratory *
C * 1617 Cole Blvd. *
C * Golden, CO 80401 *
C * (30:3)231-7651 *
C * *

C **********"**********_******************************************

C ************************************
C * *

C * I/O Conventions: *
C * *

C * Unit 2 - Diagnostics file *

C * Unit 3 - Input run data *
C * Unit 4 - Results file *

D-2



C * Unit * - Monitor or keyboard *
C * *
C ****************_*_*******************

C *_*_**_**_*_*_*******_**_**********_****************_

C *

C * External referenoesin this routine: *
C * *

C * DATAIN - Reads in a data generated by MODULE1. *
C * DIAG - Performsa test run of the aerodynamicrou- *
C * tines. *
C * RUN - Models the rotor blade motion. *
C * *

C ***************************************************************

C * *

C * Local and dtm_/ variablesused in this routine: *
C * *

C * ANS - Used to store input responses from key- *
C * board. *
C * IIAVDAT- Flag that indicatesthat some data has been *
C * read i n. *
C * HAVRUN- Flag that indicatesthat the model has been *
C * run. Used for diagnosticruns. *
C * NEWSET- Flag that indicates that a new data se'_ has *
C * been read in. *
C * NPTS - Numberof points along the blade used to *
C * perform Simpson's integration for calcu- *
c * latingthe n_nts and forces at the blade *
C * root. *
C * NSIMP - Order of the composite Simpson's integra- *
C * lion used in the run. Parameteris set to *

C * 10 in order to make 21 blade property sta- *
C * ions. *
C * TODEGS- Logica_ variable that indicates the direc- *
C * tion of conversion between degrees and ra- *
C * dians, *
C * *

INTEGER NP'rS
INTEGER NSIMP

LOGICAL HAVDAT
LOGICAL HAVRUN
LOGICAL NEWSET
LOGICAL TODEGS

CHARACTER*I ANS

INCLUDE 'C:INCLUDE\TRBINF.INC'

DATA HAVDAT / .FALSE./
DATA HAVRUN / .FALSE./
DATA NSIMP / 10 /
DATA TODEGS / .TRUE./

100 FORMAT(
& // ' ProgramFor AnalysisOf HorizontalAxis Wind Turbine'
& / ' Response To Dynamic Loads'
& // ' MODULE2_ )

110 FORMAT( / ' Operations Menu'
& /' ............... ,
& // ' (R)ead in a data file'
& / ' (S)et up and run the model'
& / ' (D)iagnosticrun'
& / ' (T)urbulencerun'
& / ' (Q)uit')

120 FORMAT( / ' Enter Option (R,S,D,T,Q)> ' )
130 FORMAT( A )
140 FORMAT( / ' You must select option (R) at Leastonce before'

& / ' invokingthis option.' )
150 FORMAT( / ' You must select option (S) at leastonce before'

D-3



& / ' invoking this option.' )
160 FORMAT( / I Invalid response. Please try again.' )
170 FORMAT( / ' STRAPterminated normally. I / )

C Calculate the number of blade property stations.

NrTS = 2*NSIMP + 1

C Print title.

PR!NT 100

C Print menu of options. Ask for choice.

10 PRINT 110

20 PRINT 120
READ 130, _NS
PRINT *, ANS

C Which opt;on w_s chosen?

IF ( ( ANS .EQ. 'R' ) .OR. ( ANS .EQ. Irl ) ) THEN

C Read in a data file. Convert Limits values back to degrees
C if this isnItthe first time we_ve read in data.

IF ( HAVDAT ) CALL CONVRT ( TOOEGS )
CALL DATAIN
HAVDAT= .TRUE.
NEWSET= .TRUE.
GOTO 10

ELSE IF ( ( ANS .EQ. 'S' ) .OR. ( ANS .EQ. 's' ) ) THEN

C Set up and run the model. Option (R) must have been
C previouslyselected.

IF ( HAVDAT ) THEN
CALLRUN( NrTS , NEWSET, HAVRUN)
GOTO 10

ELSE
PRINT 140
GOTO 20

END IF

ELSE IF ( ( ANS .EQ. 'D' ) .OR. ( ANS .EQ. 'd' ) ) THEN

C Run diagnostics. Option (S) must have been previously
C selected.

IF ( HAVRUN) THEN
CALLDIAG ( NrTS )
GOTO 10

ELSE
PRINT 150
GO TO20

END IF

ELSE IF ( ( ANS. EQ. 'T' ) .OR. ( ANS .EQ. 't' ) ) THEN
C Run turbulence case. Option S must have been previously
C invoked.

IF ( HAVRUN) THEN
ITURB= I

CALL TRBCLC(NPTS)
GOTO 10

ELSE
PRINT 150
GOTO 20

END!F
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ELSE IF ( ( ANS .HE. IOl ) .AND. ( ANS .HE. lqt ) ) THEN

C Invalid response.

PRINT 160
GO TO 20

END IF

C Processing complete.

PRINT 170

STOP
END
BLOCK DATA

C ************************************************************

C * *
C * This module is used to initialize the COMMONblocks. *
C * *

C * *
C * Named COMMONblocks used in this routine: *
C * *

C * AER01 - Holds coefficients related to aerodynamic *
C * loads calculations such as ClAlpha, CdZero, *
C * etc. *

C * AIRFRC - Holds values used in aerodynamic calcula- *
c * t i cns. *

c * BLADE - Holds blade property values such as stiff- *
C * hess and mass distributions. *
C w CONST Turbine and other constants used in load *
C * calculations. *

C * DELTV - Holds turbine inputs for possible future *
C * use. Not currently used. *
C * FORMS Holds blade deflections. *
C * INV Holds the inverse of the mass matrix. *
C * LIMITC - Holds values used in the LIMITS routine. *
C * LITERL - Holds data set titles. *

C * LOOVAL - Ho,ds values used to compute blade loads. *
C * MATRX1 - Holds stiffness coefficient matrices. *
C * MATRX2 - Holds some of the coefficient matrices of *
C * the governing equation of motion. *
c * POSITN - Holds parameters related to blade position *
C * such as PHI, PSI, etc. *
C * $ARAYS - Holds new and old values for the general- *
C * i zed coordinates. *
C * SHAPE - Holds blade coordinate shape functions. *
C * START - Holds initial blade deflection. *

C * TENSIN - Holds tension components of the stiffness *
C * funct icns. *

C * TURBN - Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C _ VINDUC - Holds induced velocity components. *
C * VREL1 - Holds blade section velocity components. *
C * _IIND - Holds wind shear and tower shadow parame- *
C * ters _ *
C * WNDVEL- Holds values used in wind shear and tover *

C * shadow computat i cns. *
C *

C * *
C * COMMONvariables used in Module 2 of STRAP: *
C * *
C * ABAR - Dimensionless form of ALENTH ( ALENTH di- *
C * vided by the rotor radius, RR ). *
C * AINVRS - The inverse CMMASS matrix. *
C * ALENTH - Distance from the tower axis to the rotor *

=.
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C * hub. (feet) *
C * ALPHAO- The angle from the zero-Lift Line to the *
C * section-chord tire, (Generally negative) *
C * BEGIN2 - Azimuth position corresponding to the be- *
C * ginning of print region 2. (degrees)
C * BETAO - Blade coning angle. The value is input in *
C * degrees and converted to radians. (radians) *
C * (input data) *
C * BLSHNK- Length of blade shank measured from the *
C * blade root to the start of the airfoil sec- *
c * tion. If airfoil begins at the root, then *
c * BLSHNK=O. (feet) *
C * BLTIP - Blade length measured from tile blade root *
C * to the blade tip. Note - rotor radius is *
C * HUBRAD+ BLTIP. (feet) *
C * CDZERO- Drag coefficient values at equidistant *
C * points along the blade. Derived from *
C * ACDZERvalues. (dimensionless) *
C * CHI - Rotor pitch angle. Input in degrees and *
c * converted to radians. (radians) (input *
C * data) *
c * CHORD Blade chord at equidistant points along the *
C * blade. Derived from ACHORD. (feet) *
C * CIFMOH- Integral of DIFMOM. *
C * CKBEND- Bending stiffness matrix. *
C * CKQLO0- Inertial moment stiffening matrix. *
C * CKTCRL- Coriolis stiffening matrix. *
C * CKTGRV- Gravity stiffening matrix. *
C * CKTONG- Centrifugal stiffening matrix. *
C * CLALFA- Slope of the lift curve at equidistant *
C * points along the blade. Derived from ACLALF *
C * values. (radians^-l) *
C * CLMAX - The maximumor stall value of the Lift co- *
C * efficient. Derived from ACLMAXvalues. *
C * CMBLNC- Coefficient associated with the blade mass *
C * imbalance (OFFSET). *
C * CMGRAV- Mass coefficients associated with gravita- *
c * tionat loads. *
C * CMGRVI - Submatrixof CMGRAV containing odd terms *
C * only. Used only with teetering hubs. *
C * CMMASS- Blade massmatrix. It is also-used in the *
C * inertiaforce stiffeningterm. *
C * CMRGD1- Submatrix of CMRIGD containing odd terms *
C * only. Used only with teetering hubs. *
C * CMRI_ - Mass coefficients associated with rigid bo- *
C * dymotion. *
c * CSUBMA- Pitching moment coefficient. *
C * CTHP - Cosine of the pitch angle, TflETAP. *
C * DAETA - Differential aerodynamic forces on a blade *
C * section in the chordwise direction. *
C * DAZETA- Differential aerodynamic forces on a blade *
C * section in the ftapwise direction. *
C * DELPSI - Delta-Psi. The amount Psi will change from *
C * this step to the next. Used in Euler pre- *
C * dictor/corrector routine. *
C * DELTAT- The incremental time change from one step *
C * to the next in the yaw sotution(ITRlM=O). *
C * DELTIM - Integralof DDELTI. *
C * DELTVX - Turbulentwind velocityfluctuations. Not *
C * currentlyin use. (fleet/second) *
C * DEI.TV_"- Turbulentwind velocity fluctuations. Not *
C * currently in use. (:feet/second) *
C * DELTVZ - Turbulentwind velocity fluctuations. Not *
C * currently in use. (feet/second) *
C * DRGFRM - Drag coefficientform constant. *
C * DVIND - The delta-V-induced velocity col1_)onents.*
C * componentsare of order epsilon. *
C * ECNTFH- Complicated term. *
C * EIAREA - Moment of inertia valLms at equidistant *
C * points along the blade. Derived from *
C * AEIAREdata values. (Lh-Ft**2) *
C * END2 - Azimuth position corresponding to the end *
C * of print region2. (degrees) *
C * ERROR - Difference between corrected and predicted
C * value of the blade tip displacements in the *
C * EuLer predictor/corrector routine, *
C * ESUBAC- Distance from the blade elastic axis to the *
C * aerochmamiccenter. Positive towardsthe *
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C * leading edge. Derived from AESBACvalues. *
C * (feet) *
C * EUERR - Convergence criterion for coe_uting blade *
C * tip deflections via the Euler predictor/ *
C * corrector routine, (percent) *
C * FAERO - Aerodynamic force on the rotor. *
C * GRAV - Constant of gravitational acceleration as *
C * measured at sea level, (feet/second**2) *
C * HUBHT Hub reference height above the ground, *
C * (feet) *
C * HUBRAD- Radius of rotor hub. (feet) (input data) *
C * HUBVEL - Wind velocity at rotor hub. Currently *
C * equal to Vhub. (feet/second) *
C * IEMASS- Edgewise mass momentof inertia at equidis- *
c * tant points along the blade section. Der- *
C * ived from AIEMAS values. (10^6 Lb-sec^2) *
C * IFMASS- Flapwise mass momentof inertia at equidis- *
C * tant points along the blade section. Der- *
C * ived from AIFMAS values. (10^6 Lb-sec^2) *
C * ITRIM - Flag indicating run status: *
c * 0 - Run to find yawing solution. *
C * I - Run to find trim solution. *
C * 2 - Trim star'tuprun. *
C * KSHADW- N_r of tower shadow peaks within the *
C * tower shadow zone. (inputdata) *!

C * MASS - Blade mss per unit length at equidistant *
C * points along the blade. Input in Lbl/ft, *
C * via the input variable WEIGHT,and convert- *
C * ed to slugs/ft. (slugs/ft) (inputdata) *
C * NBLADS- Hunter of turbineblades. (inputdata) *
C * NSHAPS- Number of blade shape functions, 4 maximum. *
C * ( inl:xJt data) *
C * NYAW - Number of rotor revolutions to be run for *

C * a yawing solution. *
C * OFFMAS- Integral of DOFFMS. *
C * OFFSET- Distance from the elastic axis to the mass *
C * axes of blade section. Positive towards *
C * the leading edge. Derived from AOFFSTval- *
C * ues. Called E-sub-eta in the formulation. *
C * (feet) (input data) *
C * OMEGA - Rotor speed. Input in RPMand converted to *
C * radians/second. (rad/ser) (input data) *
C * PHI - Rotor yaw error angle. Angle between the *
C * hub axis and the mean wind. Subscript in- *
C * dicateswhich time derivative. *
C * PHIO - Rotor yaw referenceangle. Measured as the *
C * angle between a horizontal reference line *
C * passingthrough the tower axis and the hor- *
C * izontalprojection of the line between the *
C * tower axis and the rotorhub. Irkoutas de- *
C * grees and converted to radians. (radians) *
C * (irc>utdata) *
C * PHIAMP - An_Dlitudeof periodicyaw motion about yaw *
C * referenceangle. Inputas degreesand con- *
C * verted to radians. (radians)(inputdata) *
c * PHIOMG- Maxin_Jmyaw rate. Used internallyto com- *
C * pute the yaw period, lt can be used to in- *
C * put a turbinesteady yaw rate. Input as *
C * degrees/sec and convertedto radians/sec- *
C * oncl. (radians/sec) (inputdata) *
C * PI - The constant 3.141592653589793... *
C * PRINTI - Printout interval in print regionI. *
C * PRINT2 - Printout interval in print region2. *
C * PSI - Blade azimuthangle. The zeroth element is *
C * the past value of Psi and the first element *
C * containsthe presentvalue. A value of ze- *
C * ro indicatesthe blade is straight up. *
C * PSISHD- Azimuth positionof the center line of the *
C * tower shadow. When it is 180 degrees, the *
C * tower shadow center line is orientedverti- *
C * rally downward from the hub. *

: C * PSIZER - Half angle width of the towershadow re- *
C * gion. (degrees)(inputdata) *
C * RAD2DG- Radians to degrees conversion factor, *
C * RHOAIR- Air density. Currently set to sea Level. *
C * (Lb-sec^2/feet^4 or slugs/feet^3) *
C * RR - Rotor radius (BLTIP+HUBRAD). (feet) *
C * RROMGA- A constant used throughoutthe STPJ_Pcede. *

_
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C * (RR*OMEGA*PI/30) *

C * SO Initial static blade deflection at the tip. *
C * lt is set in subroutine STARTUP. *
C * SHAPE - Array containing shape functions evaluated *
C * at regular intervals. The second subscript *
C * corresponds to Nth spatial derivative. *
C * SHERXP - Wind shear power exponent. (inp_Jtdata) *
C * SNEW - An array of tip displacement function vat- *
C * UeS for each of the STEPMX stations around *
C * the disk. These are the results of the *
C * current computation. The zeroth element *
C * has the same value as the 360th element of *
C * SOLD. *

C * SOLD - An array of tip displacement function vat- *
C * ues for each of the STEPMX stations around *
C * the disk. These are the results of the *

C * previous computation. The 360th element *
C * has the same value as the zeroth element of *
C * SNEW. *

C * STEPMN - Minimum allowable azimuth angle step size. *
C * (degrees) *
C * STEPMX - MaxinmJm allowable azimuth angle step size. *
C * (degrees) *
C * STHP - Sine of the pitch angle THETAP. *
C * TCORLS - Blade tension coefficient due to coriolis *
C * effects. *
C * TGRAV - Blade tension coefficient due to gravity *
C * effects. *
C * THETAO - Orientation of the zero lift line with re- *

C * spect to the blade principal bending axis. *
C * THETAP - Blade pitch angle. The angle from the flap *
C * bending axis (assun_=dto be the chord line) *

C * at the 3/4 spanwise location. The assump- *
C * tion has been made that the bending axis *
C * does not vary with spanwise location. In *
C * effect, THETAP sets the blade pitch angle *
C * and the direction of the flapping displace- *
C * ments. Input in degrees and converted to *
C * radians. (radians) (input data) *
C * THETAT - The built-in blade twist angle from the *
C * section-chord line at the reference station *

C * to the section-chord line at the tip of the *
C * rotor. Positive towards feather. *

C * TIME - Total elapsed time from the beginning of *
C * the yaw solution run. The zeroth element *
C * holds the past value of time, and the first *
C * element holds the current value. (seconds) *
C * TITLEI - First line of the data file title. *
C * TITLE2 - Second line of the data file title. *
C * TITLE3 - Third line of the data file title. *
C * TOMGA Blade tension coefficient associated with *
C _ centrifugal force effects. *
C * TRACEF - Flag that causes subroutine TRACE to print *
C * the values of various variables around the *
C * rotor disk. *

c * TRMERR - Convergence criterion for computing the *
C * trim solution. (percent) *
C * TSHADW - The tower shadow velocity deficit. *

C * TSUBO - Tower shadow wind speed offset component. *
c * TSUBP - Tower shadow sinusoidal component. *
C * VETA - Relative fluid velocity over the blade in *
C * the edgewise direction. *
C * VHUB - Air speed at the height of the hub. *

C * (ft/sec) (input data) *
C * VINDO - An induced velocity rotor term. lt is uni- *
C * form over the rotor disk. *
C * VINDC An induced velocity component associated *
C * with the Cosine(Psi) term. *

C * VINDR - Inflow minus _iform induced velocity. *

C * VV - The actual tip displacements computed from *
C * the relation in subroutine FORMI: *

C * V = SLim of S(1)*GAMMA(1) *
C * and *

C * VDOT = Sum of SDOT(I)*C_IkMMA(I), *
C * where V is a functi_-_of position along the *
C * blade and time, S is a function of time and *
C * GAMMA is the blade coordinate shape func- *
C * tion. The index I denotes summation over *
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C * the coordinate function shapes, DOT is the *
C * first derivative w.r.t, time. Thus: *
C * W(O,I) = V = displacement *
C * and W(I,I) = V-DOT = velocity. *
C * VWIND - Resultant wind velocity at the rotor disk. *
C * VZETA - Relative fluid velocity over the blade in *
C * the flapwise direction. *
C * WSHEAR - The hart1_nJc or unsteady component of the *
C * wind shear. *

C * WSHR - Individual harmonic cc_TT>onentsof the total *
C * unsteady wind shear conl)onent. *
C * WW - Resultant windspeed at a blade element. *
C * *
C **************************************************************

INCLUDE 'C:INCLUDEXu_EROI.INC'

INCLUDE 'C:INCLUDE\AIRFRC.INC'

INCLUDE 'C:INCLUDE\BLADE2.1NC'

INCLUDE 'C:INCLUDE\CONST2.1NC'

INCLUDE 'C:INCLUDE\DELTV.INC'

INCLUDE 'C:INCLUDE\FORMS.INC °

INCLUDE 'C:INCLUDE\INV.INC'

INCLUDE 'C:INCLUDE\LIMITC.INC I

INCLL_E 'C:INCLUOE\LITERL.INC'

INCLUDE 'C:INCLUDE\LODVAL.INC'

INCLUDE 'C:INCLUDE\MATRXI.INC l

INCLUDE 'C:INCLUDE\MATRX2.1NC'

INCLUDE 'C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\SARAYS.INC'

INCLUDE 'C:INCLUDE\SHAPE.INC'

INCLUDE 'C:INCLUDE\START.INC'

INCLUDE 'C:INCLUDE\TENSIN2.1NC'

INCLUDE 'C:INCLUDE\TURBN.INC'

INCLUDE 'C:INCLUDE\VINDUC.INC'

INCLUDE 'C:INCLUDE\VRELI.INC'

INCLUDE 'C:INCLUDE\WIND2.1NC'

INCLUDE 'C:INCLUDE\WNDVEL.INC'

C InitiaLize COMMON blocks.

DATA BEGIN2 / 180.0 /
DATA DELPgl / 2* 0.0 /
DATA DELTAT / 2* 0.0 /
DATA DELTVX / 21" 0.0 /
DATA DELTVY / 21" 0.0 /

DAI'A DELTVZ / 21" 0.0 /
DATA END2 / 270.0 /

DATA EUERR / 10.0 /
DATA GRAV / 32.1740 /
DATA KSHADW / I /
DATA NSHAPS / I /
DATA NYAW / 0 /
DATA PHI / 3* 0.0 /
DATA PHIO / 0.0 /
DATA PI / 3.141592653589793 /

DATA PRINTI / 10.0 /
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DATA PRINT2 / 10.0 /
DATA PSl / 2* 0.0 /
DATA PSISHD / 180.0 /
DATA PSIZER / 15.0 /
DATA RAD2DG / 57.29577951308233 /
DATA RHOAIR / 0.002 /
DATA SHERXP / 0.14286 /
DATA STEPMN / 0.001 /
DATA STEPMX / 10.0 /
DATA TIME / 2* 0.0 /
DATA TRACEF / .FALSE. /
DATA TRMERR / 10.0 /
DATA TSUBO / 10.0 /
DATA TSUBP / 10.0 /
DATA VHUB / 27.1 /

END

SUBROUTINE ACCEL ( DEFLTN , VELCTY , ACCELN , NPTS , STEMP )

C * *

C * Subroutine ACCEL computes the solution to the blade *
C * equation of motion. The coefficient matrices are *
C * available for all four coordinate shape functions, 10ut *
C * the solution is only calculated for the number of func- *
C * tions specified by the value of NSHAPS. *
C * *
C *************************************************************

C **************--**************************************

C * *
C * External references in this routine: *
C * *

C * AFORCE - Calculates the value of the aerodynamic
C * force integral. *
C * FORM1 - Calculates the values of the blade dis- *
C * placement function. *
C * *

C *************************************************************

C * *
C * Named COMMON blocks used in this routine: *
C * *

C * AIRFRC - Holds values used in aerodynamic calcula- *
C * Lions. *

C * CONST - Turbine and other constants used in load *
C * calculations. *

C * MATRXI - Holds stiffness coefficient matrices. *
C * MATRX2 - Holds some of the coefficient matrices of *
c * the governing equation of motion. *
C * POSITN - Holds para_.ters related to blade position *
C * such as PHI, PSI, etc. *
C * TENSIN - Holds tension components of the stiffness *
C * functions. *

C * TURBN Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * *
C *************************************************************

C ************************************************************

C * *

C * Local and dummy variables used in this routine: *
C * *

C * AA - 2.0*Omega*Sine( ThetaP ). *

C * ACCELN - The solution to the equation of motion, lt *
C * corresponds to the S-double dot value in *
C * the formulation, and is the current solu- *
C * Lion for the blade tip acceleration. *
C * (feet/second^2) *

C * BB Gravity times cosine of the blade azimuth. *

C * BLDANG - Blade azimuth position used in the teeter- *
C * ing rotor . *
C * C1 - BetaO*Omega^2. *
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C * C2 - Omega*Phi*Cosine( Psi ). *
C * C3 dPht/dt*Sine( Psi ). *
C * C4 - -Chi*Cosine( ThetaP ). *
C * C5 Sine( ThetaP )*Sine( Psi ). *
C * C6 - SetaO*Cosine( ThetaP )*Cosine( Psi ). *
C * C7 - Omega^2. *
C * CC QUANTI^2. *
C * CPS] Cosine of the blade angle. *
C * DD - Complicated term. *
C * DEFLTN - The current value of the tip deflection, *
C * corresponding to the S variable in the for- *
C * m_Jlation of the equation of motion. *
C * EE - QUANTI^2. *

C * FAER01 - Aerodynamic force on blade #I of teetering *
C * rotor. *

C * FAER02 _ Aerodynamic force on blade #2 of teetering *
C * rotor. *

C * FF - Omega*QUANT1*Cosine( ThetaP ) *

C * GG - Complicated lehr. *
C * K Generic DO index. *
C * M - Generic DO index. *

C * N - Generic DO index. *

C * NPTS - Number of points along the blade used to *
C * perform Simpson's integration for calculat- *
C * ing the nw_nts and forces at the blade *

C * root. (passed from STRAPI) *
C * PI - Array used in computing acceleration. *
C * P2 - Array used in computing acceleration. *
C * P3 - Array used in computing acceleration. *
C * Q - Matrix used in computing acceleration. *
C * QUANTI - Omega*Sine( ThetaP ). *
C * SPSI - Sine of the blade angle. *

C * STEMP - Temporary array holding the tip displace- *
C * ment values. The third dimension repre- *
C _ sents the order of the time derivative. *

C * VELCTY - The tip velocity corresponding to the S-dot *
C * value in the formulation of the equation of *
C * motion. *
C * *

REAL AA
REAL ACCELN (4)
REAL BB
REAL BLDANG
REAL Cl
REAL C2
REAL C3
REAL C4
REAL C5
REAL C6

REAL C7
REAL CC
REAL CPSI
REAL DEFLTN (4)
REAL EE
REAL FAER01 (4)
REAL FAER02 (4)
REAL FF
REAL P1 (4)
REAL P2 (4)
REAL P3 (4)

REAL Q (4,4)
REAL QUANTI
REAL SPSI
REAL STEMP (4,0:1,0:2)
REAL VELCTY (4)
REAL THETAC

INTEGER K
INTEGER M
INTEGER N
INTEGER NPTS

INCLUDE 'C: I NCLUDE\AIRFRC. INC'

INCLUDE 'C: I NCLUDE\BLADE2. INC'
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INCLUDE 'C:INCLUDE\CONST2.INCI

INCLUDE _C:INCLUDE\MA'TRXI.INC e

INCLUDE IC:INCLUDE\MATRX2.1NC'

INCLUDE _C:INCLUDE\POSITN.INC _

INCLUDE 'C:INCLUDE\TURBN.INC _

INCLUDE 'C:INCLUDE\TENSIK2.INC _

INCLUDE 'C:INCLUDE\FORMS.INC _

INCLUDE 'C:INCLUDE\HUBPRP2.1NC _

INCLUDE 'C:INCLUDE\SPRIHG2.INC'

C Calculate the aero forces. The aero subroutines need to be
C called twice, once for each blade. The first call is for
C blade #2 at a blade angle of Psi+180 degrees and the second
C call is for blade #I at a blade angle of Psi.

BLDANG = PSI(l) + PI

C Calculate aerodynamic loads on blade #2.

CALL FORM1 ( STENP , NPTS , NSHAPS , BLDANG )

THETAC = THETAP + BETA*SDELT5
STHC = SIN(THETAC)
CTHC = COS(THETAC)
TTHC = TAN(THETAC)

CALL AFORCE ( NPTS , BLDANG )

DO 70 M=I,NSHAPS
70 FAERO2(M) = FAERO(M)

C PRINT * 'FAER02 = ' FAER02(1), e

6LDANG = PSI(1)

C Calculate aerodynamic loads on blade #1.

CALL FORM1 ( STEMP , NPTS , NSHAPS , BLDANG )

THETAC = THETAP + BETA*SDELT3
STHC = SIN(THETAC)
CTHC = COS(THETAC)
TTHC = TAN(THETAC)

CALL AFORCE ( NPT$ , BLDANG )

C $t._ the aerodynamic loads for both blades. For the
C asymmetric modes (M=I,3), the difference in the aero-
C dynamic loads is actually found.

DO 80 M=I,NSHAPS

FAEROI(M) = FAERO(M)
FAERO (M) = 0.5*(FAEROI(M) + FAERO2(M)*(-I)**M )

80 CONTINUE

C Calculate constant coefficients.

CTHP = COS(THETAP)
STHP = SIN(THETAP)
SPS! = SIN( BLDANG )
CPSI = COS( BLDANG )
QUANTI = OMEGA*STHP
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AA = 2.0*QUANT1
BB = GRAV_(CPSI+SPSI*TDELT3)
CC = QUANTI*QUANT1
EE = CC
FF = OMEGA*QUANTI*CTHP
C1 = OMEGA*OMEGA*BETAO
C2 = OMEGA*PHI(1)*CPSI
C5 = PHI(Z)*SPSI
C4 = -CHI*CTHP
C5 = STHP*SPSI
C6 = BETAO*CTHPWCPSI
C7 = OMEGA*OMEGA
C9 = CPSI*CDELT3+SPSI*SDELT3
C10 = BETAO*(CPSI + TDELT3*SPSI)
DEFL1 =.BETAI*(BLTIP+HUBRAD)
DEFL2 = BETA2*(BLTIP+HUBRAD)

C Compute P1 (see formulation notes).

DO 85 H=2,NSHAPS

Pl(M) = FAERO(M) + FFWCMBLNC(M)
& " CTHP*(CI*CMRIGD(M) + 2*C2*CMRGDI(M)
& + C]*CMRGDI(M) )

& + GRAV*(C4*CMGRAV(M) + CS*CMGRVI(M)
& + C6*CMGRVI(M))

85 CONTINUE

PI(I) = FAERO(1)*CTHP -(2.*C2 + C3)*CMRGDI(1)
& + GRAV_CIO*CMGRVI(1) - Cg*GRAV*CMHUBI(1)

C Compute P2 - S(M) product (see formulation notes).

DO 20 M = 2, NSHAPS
P2(M) = EE*DEFLTN(M)

20 CONTINUE

IF(DEFLTN(1) .LE. 0.) THEN

IF(ABS(DEFLTN(1)) .LT. DEFLI) THEN
P2(I) = "I.*KOSTIF(1)*DEFLTN(1)

ELSEIF(ABS(DEFLTN(1)) .LT. DEFL2) THEN
P2(I) " "I.*(KOSTIF(1)+KISTIF(1))*DEFLTN(1)

& -KISTIF(1)*DEFLI -I.*DAMP(1)*VELCTY(1)

ELSE

P2(I) = "I.*(KOSTIF(1)+K2STIF(1))*DEFLTN(1)
& -K2STIF(1)*DEFL2 -1.*DAMP(1)*VELCTY(1)

ENDIF

ELSE

IF(DEFLTN(1) .LT. DEFL1) THEN
P2(I) = -I.*KOSTIF(1)*DEFLTN(1)

ELSEIF(DEFLTN(1) .LT. DEFL2) THEN

P2(I) = -I.*(KOSTIF(1)+KISTIF(1))*DEFLTN(1)
& +KISTIF(1)*DEFLI -I.*DAMP(1)*VELCTY(1)

ELSE
P2(1) = -1.*(KOSTIF(1)+K2STIF(1))*DEFLTN(1)

& +K2STIF(1.)*DEFL2 - 1.*DAMP(1)*VELCTY(1)

ENDIF
ENDIF

C Compute Q(M,K) - S(K) products (see formulation notes).

DO 50 M=I,NSHAPS

P3(M) = 0.0

DO 40 K=I,NSHAPS

D-13



Q(M,K) = CC*CKQLOO(M,K) - CKBEND(M,K)
g - CT*CKTOMG(M,K) + BB*CKTGRV(M,K)

DO 30 N=I,NSHAP$
30 Q(M,K) = Q(M,K) - AA*VELCTY(N)*CKTCRL(N,M,K)

P3(M) = P3(M) + Q(M,K)*DEFLTN(K)

40 CONTINUE

50 CONTINUE

C Compute new value for tip acceleration.

DO 60 M=I,NSHAPS
60 ACCELN(M) = PI(M) + P2(N) + PMM)

RETURN
END

SUBROUTINEAERO ( NPTS , BLDANG )

C *******************************************--***********

C * *

C * Subroutine AERO computes the aerodynamic forces on the *
C * blade as a fur_ction of position along the blade. The *
C * result is an array of values for D-'A(ETA) and D-A(ZETA) *
C * for each NPTS station down the blade. *
C * *
C ***--***************************************************

C ******--************************************************

C * *
C * External references in this routine: *
c * *

C * VREL - Calculates the relative velocity components *
C * for each blade station. *
C * *
C *************************************************************

C *************************************************************

C * *

C * Named COMMON blocks used in this routine: *
C * *

C * AER01 - Holds coefficients related to aerodynamic *
C * loads calculations such as ClAlpha, CdZero, *
C * etc. *
C * AIRFRC - Holds values used in aerodynamic calcula- *
C * tions. *

C * BLADE - Holds blade property values such as stiff- *
C * ness and mass distributions. *
C * CONST - Turbine and other constants used in Load *
C * calculations. *

C * TLIRBN - Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * VREL1 - Holds blade section velocity components. *
C * *

C * *

C * Local and dummy variables used in this routine: *
C * *

C * ALPHA - Angle of attack. Includes blade twist con- *
C * tribution. (radians) *

C * BLDANG - Blade azimuth position used in the teeter- *
C * ing rotor . *
C * 0)2 - O.5*AirDensity*ChordLength. *
C * CDRAG - Drag coefficient. *

C * CLIFT - Coefficient of lift. Equal to angle of at- *
C * tack times the lift curve slope. *
C * I - Generic index. *
C * INBORD - The number of blade stations that are not *
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C * on the airfoil section. INBORD is used in *
c * other routines to differentiate between *
C * sections of the blade with and wlthout an *
C * airfoil section. *

C * NPTS humber of points along the blade used to *
C * perform Simpson's integration for calculat- *
C * ing the moments and forces at the blade *
C * root. (passed from STRAP1) *
C * , L

REAL ALPHA
REAL BLDANG
REAL CD2
REAL CDRAG
REAL CLIFT

INTEGER I
INTEGER INBORD
INTEGER NPTS

INCLUDE 'C:INCLUDE\AEROI.INC'

INCLUDE 'C:INCLUDE'kAIRFRC.INC I

INCLUDE 'C:INCLUDE\BLADEZ.INC'

INCLUDE tC:INCLUDE\CONST2.INCI

INCLUDE IC:INCLUDE\TURBN.INCI

INCLUDE IC:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\VRELI.INC'

C Get the relative fluid velocities from each blade section.

CALL VREL ( INBORD , NPTS , BLDANG )

C Clear out the aerodynamic load values for the inboard portion
C of the blade - that is, the portion of the blade without any
c airfoil section. This is related to BLSHNK.

DO 10 I=I,NPTS

IF ( I .LT. INBORD ) THEN

DAETA(1) = O.O

DAZETA(1) = 0.0
WWCI) = 0.0

ELSE

C See the formulation notes for the derivation of the

C equations for DAETA, DAZETA and the other values.

CD2 = O.5*RHOAIR*CHORD(I)
WW(1) = SQRT(VETA(1)WVETA(1) + VZETA(1)*VZETA(1) )
ALPHA = ATAN(VZETA(1)/VETA(1) ) + THETAO(1)
CLIFT = ALPHA*CLALFA(1)

CLIFT = SIGN( AMINI( ABS( CLIFT ) , CLMAX(1) ) , CLIFT ;
CDRAG = CDZERO(I) + DRGFRM*CLIFT**2
DAETA(1) = CD2*WW(1)*(CLIFT*VZETA(1) - CDRAG*VETA(1) )

DAZETA(1)= CD2*WW(1)*(CLIFT*VETA(1) + CDRAG*VZETA(1) )

IF( BLDANG .EQ. PSI(1)+PI) THEN
DAET2(1) = DAETA(1)
DAZET2(1) = DAZETA(1)

ELSE
DAETI(1) = DAETA(1)
DAZETI(1) = DAZETA(1)

ENDIF
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END IF

10 CONTINUE

RETURN
END
SUBROUTINEAFORCE( NPTS i BLDANG)

C **************************************************************

C * *
C * Subroutine AFORCE calculates the value of the aerody- *
C * namic force integral used in solving the blade equation *
c * of motion. The aerodynamic force, D..A(ZETA), is tnte- *
C * grated along the blade from the root of the airfoil *
C * section to the blade tip, and then multiplied by th_ *
C * inverse of the CMMASSmatrix that ,as input in the *
C * DATAIN routine. There is one AFORCEvalue for each of *
C * the coordinate shape functions specified by the value *
C * of NSHAPS. *
C * *

C *************************************************************

C * *

C * External references in this routine: *
C * *
C * AERO - Calculates the aerodynamic forces on the *
C * blade. *
C * SIMPSN - Composite Simpson_s integration. *
C * *

C **************************************************************

C * *

C * NamedCOMMONblocks used in this routine: *
C * *

C * AIRFRC - Holds values used in aerodynamic calcula- *
C * Lions. *
c * BLADE - Holds blade property values such as stiff- *
C * ness and mass distributions. *
C * MATRX1- Holds stiffness coefficient matrices. *
C * TURBN - Holds turbine parameters such as nunt_er of *
c * blades, rotor speed, etc. *
C * *

C * *
C * Local and dummyvariables used in this routine: *
C * *

C * BLDANG - Blade azin_thposition used in the teeter- *
C * ing rotor option. *
C * FOFZET- Product of the dA(Zeta) and the shape *
C * function. *
C * FTEMP - Temporaryarray. *
C * I - Genericindex. *
C * L - Genericindex. *
C * M - Genericindex. *

C * NPTS Number of points along the blade used to *
C * perfol_ simpson's integrationfor calculat- *
C * ing the moments and forces at the blade *
c * root. (passed from STPJ_P1) *
C * *

REAL BLDANG
REAL FOFZET(21)
REAL FTEMP (4)
REAL SIMPSN

INTEGER I
INTEGER L
INTEGER M
INTEGER NPTS
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INCLUDE °C:INCLUDE_A]RFRC.INCr

INCLUDE 'C:INCLUDE\BLADE2.INCI

INCLUDE 'C:INCLUDE\HATRXI.INC'

INCLUDE 'C:INCLUDE\SHAPE.INCI

INCLUDE tC=INCLUDE\TURBN.INC_

C Compute aerodynamic forces.

CALLAERO( NPTS , BLDANG)

C Compute the product of the DAZETAvalue and the shape
C function at each blade station for each specified shape
C function.

DO20 M=I,NSHAPS

00 10 I=I,NPTS
10 FOFZET(I) = DAZETA(I)*SHAPE(M,O,I)

C Co,_Jte the integral of dF(Aero) along the blade.

FAERO(M)= SIMPSN(0.0 , BLTIP , NPTS , FOFZET)

20 CONTI)_UE

C Hultiply the F-AEROintegrals by the inverse of the CHHASS
C coefficient matrix. This is done for the specified nuld_er
c of shape functions.

DO50 M=I,NSHAPS

FTEHP(M)= 0.0

DO40 L=I,NSHAPS
40 FTEMP(M)= FTEMP(M)+ CHHASS(H,L)WFAERO(L)

50 CONTINUE

C Replace the F-AEROvalues by their corresponding values
c ,_Jltiplied by the CMIE_SSinverse coefficient matrix.

DO60 H=I,NSHAPS
60 FAERO(M)= FTEHP(M)

RETURN
END
SUBROUTINECAPS( STRING)

C * *

C * Subroutine CAPS is used to convert alphabetic charac- *
c * ters into upper case. It assumes that all the lower *
c * case Letters are in one contiguous block and all the *
C * upper case letters are in another contiguous block. *
C * This routine will need to be changed to work with a *
C * noncontiguous character set Like IBM's EBCDIC. lt is *
C * not needed for an upper case only character set like *
C * CDC's Display Code. *
C * *
C **************************************------*************

C *************************--*****************************

C * *
C * NamedCOHHONblocks used in this routine: *
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mL*,, .

C * *

C * none *
C * *

C --*****--*****--*****----************************
C * *
C * External references in this routine: *

' I C * *

, C * none *
C * *
C **************----*------*--********************

C * '_

C * Local and dummy variables used irl this routine: *
C * *
C * DIFF - Numerical difference between 'A' and 'a'. *
C * ! - Generic index. *

C * LENGTH - The declared length of the given string. *
C * STRING - The string needing to be converted to upper *
C * case. *
C * *
C *__ _vr_. **-_-_ _*t-_.. _r_-_t-crR_J_tr_* _-*_-R* ** *_'_L-_w*_* *

INTEGER DI FF
INTEGER I
INTEGER LENGTH

CHARACTER*(*) STRING

C C_te the _rica[ difference betveen 'A' and 'a'.

DIFF = ICHAR( la' ) - ICHAR( IA' )

C Get the length of the string.

LENGTH = LEN( STRING )

C Look for lover case letters. Convert them to uppercase.

DO 100 I=I,LENGTH

IF ( (STRING(!:I) .GE. 'a' ) .AND.
& (STRING(I:I) .LE. 'Z' ) ) THEN

STRING(%:I) = CHAR( ICHAR(STRING(I:I) ) " DIFF )

END IF

100 CONTINUE

RETURN
END
SUBROUTINECONVRT ( TOOEGS )

C * *

C * Subroutine CONVRT performs the units conversion speci- *
C * fled by the logical value of TOOEGS. The calling rou- *
C * line sends a value of .TRUE. to indicate conversion to *
C * degrees or .FALSE. to indicate conversion to radians. *
C * This conversion back and forth between radians and de- *

C * grees is to make the interactive portions of the SETUP *
C * apa LIMITS routines more 'User Friendly'. *
C * *

C * *
C * External references in this routine-. *
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C * none *
C * *

C * *
C * Named COMMONblocks used in this routine: *
c * *
C * CONST Turbine and other constants used in load *
C * calculations. *
C * LIMITC - Holds values used in the LIMITS routine. *

C * TURBN - Holds turbine parameters such as nun_r of *
C * blades, rotor speed, atc. *
C * WIND Holds wind shear and tower shadow parame- *
C * tars. *
C * *
C **********--********************************************

C --****--***--***--***--*****--****************
C * *
C * Local and dunmy variables used in this routine: *
C * *
C * FACT1 - Conversion factor. *
C * FACT2 - Conversion factor. *
C * TOOEGS - Logical variable that indicates the direc- *
C * tion of conversion between degrees and ra- *
C * dians. *
C * *

REAL FACT1
REAL FACT2

LOGICAL TOOEGS

INCLUDE 'C:INCLUDE\CONST2.INC'

INCLUDE rC:INCLUDE\LIMITC.INC°

INCLUDE tC:INCLUDE\TURBN,INCI

INCLUDE IC:INCLUDE\WIND2.INCI

INCLUDE IC:[NCLUDE\SPRING2.INCI

C For all calls to this routine, set the conversion factors
C specific to the unit conversion required, Then perform the
C conversions and return to calling routine.

IF ( TODEGS ) THEN

C Convert from radians and radians/second to degrees and RPM.

FACTI = RAD21)G
FACT2 = 30.O/PI

ELSE

C Convert from degrees and RPM to radians and radians/second.

FACT1 = 1.0/RAD2DG
FACT2 = PI/30.O

END IF

C Convert 'freeJ variables from the SETUP routine.

BETAO = FACTI*BETAO
ALPHAO= FACTI*ALPHAO
CHI = FACTI*CH!
PHIAMP = FACTI*PHIAMP
PHIOMG = FACTI*PHIOMG
PHIO = FACTI*PHIO
PSISHD = FAC71*P_Y_H_

D-19



PSXZER = FACTI*PSIZER
THETAP = FACTI*THETAP
THETAT = FACTI*THETAT
DELT3 = FACTI*DELT3
BETA1 = FACTI*BETA1
BETA2 = FACTI*BETA2
OMEGA = FACTZ*OHEEA

C Convert 'limits' variables from the LIMITS routine.

BEGIN2 = FACTI*BEGIN2
END2 = FACTI*END2
PRINT1 = FACTI*PRINT1
PRINT2 = FACTlWpRINT2
STEPMX = FACTI*STEPICX
STEPMN= FACTI*STEPMN

RETURN
END
SUBROUTINE DATA%N

C **************************************************************

C * *

C * Subroutine DATA%N reads the data file produced by the *
c * PRNCOE routine of Nodule 1. The name of the Pun-data *
C * file is specified interactively. DATAIN opens the spe- *
C * cified file, reads the data and then closes the file. *
C * *

C * Note: If any changes have been made to the format of *
c * the run-data file in PRNCOE of Nodule 1, then the *
C * same changes RUST be made to DATAXN. *
C * *

C **************************************************************

C * *
C * External references in this routine: *
C * *
C * CONVRT - Performs units conversions. *
C * *
C ****--******************************************************

C ************************************************************

C * *

C * Named COMMONblocks used in this routine: *
C * *

C * AER01 Holds coefficients related to aerodynamic *
C * ' Loads calculations such as ClAtpha, CdZero, *
C * etc. *
C * BLADE Holds blade property values such as stiff- *
c * ness and mass distributions. *
C * LITERL - Holds data set titles. *

C * LOOVAL - Hot_s values used to compute blade Loads. *
C * HATRX1 - Holds stiffness coefficient matrices. *
C * MATRX2 - Holds other matrices related to coriolis *

C * stiffening, gravity, etc. *
c * TENS]N - Holds tension component integrals. *
C * TURBN - Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * WIND - Holds wind shear and tower shadow parame- *
C * ters. *
C * *
C _*_t__r/r_/t-lr-k***_***wvt__**_/It/r,__,_,

C * *

C * Loca[ and dummy variables used in this routine= *
C * *
C * COL Column index into matrices. *
C * ] - Generic index. *
C * N - Generic index. *

C * NrTS - Number of points along the blade used to *
C * perform Simpson,s integration for' calculat- *
C * ing the _nents and forces at the blade *
C * root. (,_ _r_ _TP_P!) *

---_
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C * ROt,/ - Row index into matrices. *
C * RUNDAT- Nam of file containing run data. *
C * TOP,ADS - Flag used to tell CONVRTto convert 'free _ *
C * variables to radians. *
C * *

INTEGER COL
INTEGER I
INTEGER N
INTEGER NPTS
INTEGER ROW

CHARACTER*50 RUNDAT

LOGICAL TOP,ADS

INCLUDE 'C:INCLUDE\AEROI.INC_

INCLUDE 'C:iNCLUDE\BLADE2.INC'

INCLUDE 'C:INCLUDE\LITERL.INC'

INCLUDE 'C:INCLUDE\LOOVAL.INC_

INCLUDE 'C:INCLUDE\MATRXI.INCt

INCLUDE 'C:INCLUDE\MATRX2.INC'

INCLUDE 'C:INCLUDE\TENSIN2°INC'

INCLUDE 'C:INCLUDE\TURBN.INC'

INCLUDE 'C:INCLUDE\WIND2.1NC'

INCLUDE 'C:INCLUDE\SHAPE.INC'

INCLUDE 'C:INCLUDE\TRBINF.INC_

INCLUDE 'C:INCLUDE\HUBPRP2.1NCt

INCLUDE 'C:INCLUDE\SPRING2.INC'

SAVE TOP,ADS

DATA TORADS / .FALSE. /

2000 FORMAT( ]( A / ) / )
2100 FORMAT( 9X , L7 )
5000 FORMAT( // 5( IPE24.7) )

5100 FORMAT( // 114 , 5( 118 ) )
5200 FORMAT ( / 18X, F6.2)
3300 FORMAT ( / 18X, FI0.2)
5400 FORMAT ( / 18X, 16)
5500 FORMAT( / 18X, F10.5)
5600 FORMAT ( / 18X, 13)
3700 FORMAT( / 2( / 5( 1PE14.3 , : ) ) )
4000 FORMAT( / 6( / 4( 1PE18.7 , : ) ) )
4100 FORMAT( _&done.t )

C Get name of run-datafile. Open it.

100 PRINT * ' '#

PRINT w 'Enterthe name of the file that contains run-data> 'I

READ (*,'(A)') RUNDAT
PRINT * RUNDAT

OPEN( 3 , FILE=RUNDAT, STATUS='OLDI , ERR=110)

PRINT * 'Reading in new data. 'I .u

GOTO 200

C Error openingdata file.
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110 PRINT *, ' >>> Run-data file not found. Try again. <<<'
GOTO 100

C Read titres and hub type.

200 READ(3,2000) TITLE1 , TITLE2 , TITLE3

C Read scalar data.

READ(3.3000) ALENTH,ALPHAO ,BETAO
READ(3..3000) BLSHNK, BLTIP , CHI
READ(3 3000) CSUBMA, DRGFRM, HUBHT
READ (3.3000) HUBRAD , OMEGA ,PHIO
READ (3.3000) PHIAMP , PHIOMG , PSIZER
READ (3_3000) SHERXP , THETAP , THETAT
READ (3.3000) TSUBO , TSUBP , VHUB
READ (3.3100) KSHADW , NBLADS , NSHAPS , NPTS
READ (3.3200) DELT3
READ(3.3200) UNDSLG
READ (3,3200) HUBMAS
READ (3.3200) HUBDIS
READ(3,3200) BETA1
READ(3.3200) BETA2
READ(3.3400) NUM$CN
READ(3.3500) TIMINC
READ(3,3600) MSTAT
REAl)(3.3700) (STA(1), I=I,MSTAT)

C Read in vectorvalues.

READ (3,4000) (CLALFA(1) , I=I,NPTS )
READ (3,4000) ( CLMAX (1) , I=I,NPTS )
READ (3,4000) (CDZERO(1) , I=I,NPTS )
READ (3,4000) ( CHORD (1) , I=I,NPTS )
READ (3,4000) (ECNTFN(1) , I=I,NPTS )
READ (3,4000) (ESUBAC(1) _ I=I,NPTS )
READ (3,4000) (THETAO(1) , I=I,NPTS )

C Read in coefficientmatrices.

READ (3,4000) ( (CKBEND(ROW,COL) , COL=I,4 ) , ROW=I,4 )
READ (3,4000) ( (CKTOMG(ROW,COL) , COL=1,4 ) , ROW=I,4 )
READ (3,4000) ( (CKTGRV(ROW,COL) , COL=I,4 ) , ROW=I,4)
READ (3,4000) ( (CKQLOD(ROW,COL) , COL=I,4) , ROW=I,4)
READ (3,4000) ( (CMMASS(RO_,COL) , C0L=I,4) , ROW=I,4)

DO 300 N=I,4
300 READ (3,4000) ( (CKTCRL(N,RO_,COL) , COL=I,4 ) , ROW=l,4 )

C Read in vectorcoefficients.

READ (34000) (CMRIGD(1) , I=I,4 )
READ (3.4000) (CMRGDI(1) , I=I,4 )
READ (3.400D) (CMBLNC(1) , I=I,4 )
READ (3.4000) (CMGRAV(1) , I=I,4 )
READ (3.4000) (CMGRVI(1) , I=I,4 )
READ (3.4ODD) (CMHUBI(1) , I=I,4 )
READ (3 4000) (KOSTIF(1) , I=1,4 )
READ (3.4000) (KISTIF(1) , I=I,4 )
READ (3 4000) (K2STIF(1) , I=I,4 )
READ (3 4000) (DAMP(1), I=I,4 )

C Read tensionarrays.

DO 400 N=I,4
400 READ (3,4000) (TCORLS(N,I) , I=I,NPTS )

READ (3,4000) (TGRAV(1) , I=I,NPTS )
READ (3,4000) (TOMGA(1) , I=I,NPTS )

DO 410 N=I,4
410 READ (3,4000) (CIFMOM(N,I) , I=I,NPTS )
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C Read arrays of special load computation functions.

READ (3,4000) (DELTIM(I) , ]=I,NPTS )
READ (3,4000) (OFFMAS(I) , I=I,NPTS )

C Read in modeshapes and derivatives calculated in
C module I. Modes I and 3 are the rigid teeter and

C first asymmetric bending, while modes 2 and 4
C are first and second symmetric bending. For frequency
C information see the modeshape file produced as a result
C of running module I.

C There is now no longer any need for the old SUBROUTINE
C SHAPES as the modeshapes are read in directly from this
C input file into the shape arrays, instead of re-calculating
C them as done in the "old" FLAP version.

DO 520 I = I,NPTS
READ(3,*) (SHAPE(J,O,I), J=I,4)

520 CONTINUE

DO 530 I = I,NPTS
READ(3,*) (SHAPE(J,I,I), J=I,4)

530 CONTINUE

DO 540 I = 1,NPTS
READ(3,*) (SHAPE(J,2,I), J=1,4)

540 CONTINUE

C Processing complete. Close data file.

' PRINT 4100

CLOSE ( 3 )

PRINT *, 'Analyzing a teetering hub.'

C The units are converted to radians and radians/second to permit
C compatibility between newly input data and data being used for

' C consecutive model runs. Thus the DIAG and RUN routines do not

C need to know if the data they are using is new or old.

CALL CONVRT ( TORADS )

CDELT3 = COS(DELT3)
SDELT3 = SIN(DELT3)
TDELT3 = TAN(DELT3)
CDAMP= DAMP(1)*BLTIP*BLTIP

RETURN
END
SUBROUTINE DIAG ( NPTS )

C * *

C * Subroutine DIAG performs a test run of the aerodynamic *
C * routines for diagnostic purposes, lt steps around the *
C * rotor disk in specified increments and calculates the *
C * aerodynamic forces along the blade, the relative veloc- *
C * ity components, the induced velocity components and the *
C * windspeeds. These are printed out in chart form for *
C * each specified azimuth printout interval around the *

C * disk. DIAG can be run repetitively for sensitivity *
C * analyses. *
C * *

C * The following parameters are printed for each of the *
C * specified positions around the disk: *
C * *

C * DAETA DAZETA VETA VZETA VWIND *
C * _SHEAR VIflDR VINDO DVIND ALPHA *
C * CDZERO CLLIFT VV *
C * *

C **_**_***_***_*******_******_-Jlt****_*********_,_****_¥*******
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C *****_****_**_,_,_****_************w*******w_**************

C * *

C * External referencesin this routine: *
C * *

C * AERO - Calculates the aerodynamic forces on the *
C * blade, *
C * CONVRT - Performsunits conversions. *
C * SETUP - Interactivemodificationof free variables. *
C * *

C *****_*****_t_,t,_Ir,.******_******************_****_****_*****

C * *

C * Named COMMON blocksused in this routine: *
C * *

C * AER01 - Holds coefficients relatedto aerodynamic *
C * loadscalculationssuch as ClAlpha, CdZero, *
C * etc. *
C * AIRFRC - Holds values used in aeroch/namiccalcuta- *
C * tions. *

C * BLADE - Holds blade property values such as stiff- *
C * ness and n_ss distributions. *
C * CONST - Turbine and other constants used in load *
c * calculations. *
c * DELTV - Holds turbineir_uts for possible future *
C * use. Not currentlyused. *
C * FORMS - Holds blade deflections. *
C * POSITN - Holds parameters relatedto blade position *
C * such as PHI, PSI, etc. *
C * SAPJ_YS- Holds new and old values for the general- *
C * ized coordinates. *

C * SHAPE Holds blade coordinate shape functions. *
c * TURBN - Holds turbine perameters such as numC_r of *
C * blades, rotor speed, etc. *
C * VINDUC - Holds induced velocity coraponents. *
C * VREL1 - Holds blade section velocity co_qDonents. *
C * WNDVEL - Holds values used in wirwdshear and tower *
C * shadowcon_Jtat ions. *
C * *

C ************************************************************

C * *

C * Local and dumn_/variables used in this routine: *
C * *

C * ALPHA Angle of attack. Includes blade twist con- *
C * tril:_Jt ion. (radi ans) *
c * AJ_S - Used to store inl_Jt responses from key- *
C * board. *
C * BLDANG- BLade azimuth position used in the teeter- *
C * ing rotor option. *
C * CLLIFT - Coefficientof lift. Equal to angle of at- *
C * tack times the liftcurve slope. *
C * I - Generic irwdex. *
C * ICALL - Counterto save the numberof calls to sub- *

c * routineDIAG. Used to open output file. *
C _ IDPSl Printoutinterval in whole degrees around *
C * the rotordisk. * '
C * IPSI - Do loop counter for azimuth position. *
C * IPT - Array index used for trapezoidalintegra- *
C * lion. *
C * NPTS Number of points along the blade used to *
C * performSimp_on'sintegrationfor calculat- *
C * ing the moments and forces at the blade *

C * root. (passedfrom STRAP1) *
C * NSHP - Counter on DO Loops for the coordinate *
C * shape function. *
C * TOOEGS - Flag used to tell CONVRT to convert 'free' *
C * variables to degrees. *
C * TORADS - Flag used to tell COHVRT to convert 'free' *
C * variables to radians. *
C * *

REAL ALPHA (21)
REAL BLDANG
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REAL CLLIFT (21)
REAL CDDRAG (21)

INTEGER I
INTEGER ICALL
INTEGER IDPSI
INTEGER IPSI
INTEGER IPT
INTEGER NPTS
INTEGER NSHP

CHARACTER*I ANS

LOGICAL TODEGS
LOGICAL TORADS

INCLUDE 'C:INCLUDE\AEROI,INC I

INCLUDE _C:INCLUDE\AIRFRC.INC 1

INCLUDE IC:INCLUDE\BLADE2.INC'

INCLUDE 1C:INCLUDE\CONST2.INC'

INCLUDE °C:INCLUDE\DELTV. INC1

INCLUDE 1C:INCLUDE\FORMS.INCt

INCLUDE °C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\SARAYS.INC r

INCLUDE IC_INCLUDE\SHAPE.INCI

INCLUDE IC:INCLUDE\TURBN.INCI

INCLUDE 'C:INCLUDE\VINDUC.INC'

INCLUDE 'C:INCLUDE\VRELI.INC'

INCLUDE 'C:INCLUDE\WNDVEL.INC I

SAVE ICALL
SAVE TOOEGS
SAVE TORADS

DATA ICALL / 0 /
DATA TOOEGS / .TRUE. /
DATA TORADS / .FALSE. /

1000 FORMAT ( 11' //// 1OX , _Test Run of Aerodynamic Routines' /// )
2000 FORMAT ( ////// 1OX , 'Azimuth position: PS_ = _ , I]

& , 10X , 'Hub velocity = ' , FI0.3
& / 48X , 'TSHADW = ' , FI0.3 )

2100 FORMAT ( /// ' I DAETI(1) DAZETI(1) DAET2(1) DAZET2(1)'
& , ' VWIND(1) WSHEAR(1) VINDR(1) VINDO(1)'
& , ' DVIND(1) ALPHA(1) CDDRAG(1) I
& , ' CLLIFT(1) W(I,I)' / )

2200 FORMAT ( 14 , 13( IPEI0.3 ) )
3000 FORMAT ( A )

C If this is the first time DIAG is called, open the output file.

100 IF ( ICALL .EQ. 0 ) THEN
OPEN ( 2 , FILE=rDIAGNOS.DAT' STATUS=eUNKNOWN ,

& , CARRIAGECONTROL='FORTRANe )
ICALL = 1

END I F

C Print heading in diagnostic file.

WRITE (2,1000)

PRINT * ' '#

PRINT *, 'Subroutine DIAG: Diagnostic run and output'
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PRINT * I ,t

C Convert values into degrees.

CALL CONVRT( TOOEGS)

C Run setup routine.

CALLSETUP

C Convert Values back into radians for internal use.

CALLCONVRT( TORAJ)S)

C Ask for printoutinterval.

PRINT * ' 'l

PRINT *, 'Enterprintoutintervalaround rotor disk in _hole '
& , _degrees > /

READ *, IDPSI

DELPSI(1) = IDPSI/RAD2DG
DELTAT(1) = DELPSI(1)/OMEGA

C NOTE= DIAG assumesthat time is frozen at time=O.

PHI(O) =PHIO
PHI(1) = PHIOMG
PHI(2) = 0.0

C Go aroundthe disk in IDPSI incr=nents.

DO 250 IPSI=O,360IIDPSI

C Clear the formsarray.

PSI(1) = IPSI/RAD2DG
BLDANG = PSI(1)

C Set up the formsarray.

203 DO 200 I=I,NPTS
W(O,I) = 0.0
W(I,1) = 0.0
V1(O,I)= 0.0
VI(l,1)= 0.0

200 CONTINUE

DO 220 IPT=I,NPTS

IF( BLDANG .EQ. PSI(1)+PI)THEN
VI(O,IPT)= VI(O,IPT)" SHAPE(I,0,1PT)*SNEW(I,0,IPSI)
VI(I,IPT)= VI(I,IPT)" SHAPE(I,0,1PT)*SNEW(I,I,IPSI)

ELSE
Vl(O, IPT) = VI(O, IPT) + SHAPE(1,0,1PT)*SNEW(1,0, IPSI)
VI(I,IPT)= VI(I,IPT)+ SHAPE(I,0,1PT)*SNEW(I,I,IPSI)

ENDIF

DO 210 NSHP=I,NSHAPS

IF( BLDANG .EQ.PSI(1)+PI)THEN
MARK = (-I.)**NSHP

ELSE
MARK = I.

ENDIF

VV(O,IPT)= W(O,IPT)
& + MARK*SHAPE(NSHP,O,IPT)*SNEW(NSHP,O,IPSI)
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W(I,IPT) = W(I,IPT)
& + MARK*SHAPE(NSHP,O,IPTt*SNEW(NSHP,I,IPSl)

210 CONTINUE

220 CONTINUE

BETA = SNEW(I,0,1PSlt/_LTIP
BETAD = SNEW(I,I,IPSlt/BLTIP

C Compute the aerodynamic forces on the blade.

CALL AERO( NPTS , BLDANG)
IF( BLDANG.EQ. PSI(lt + PIt GOTO 204
BLDANG= PSI(l) + PI
GOTO 203

204 DO 230 I=I,NPTS

IF (DAETA(1) .EQ. 0.0 ) THEN
ALPHA(It= 0.0

ELSE
ALPHA(It = ATAN(VZETA(It/VETA(I) ) + THETAO(I)

END IF

CLLIFT(I)= AMINI( CLALFA(It*ABS(ALPHA(lt ) , CLMAX(1) )
CLLIFT(1)= SIGN(CLLIFT(1) , ALPHA(It )
CDDRAG(I)= CDZERO(1)+ DRGFRM*CLLIFT(1)**2

230 CONTINUE

C Print out results.

WRITE (2,2000) IPSl , HUBVEL , TSHADW

WRITE (2,2100)

DO 240 I=I,21
2_0 WRITE (2,22007 I, DAETI(1),DAZETI(I), DAET2(It, DAZET2(1)

& , VWIND(1),WSHEAR(1), VINDR(1), VINDO(1)
& , DVIND(I), ALPHA(It,CDDRAG(1),CLLIFT(1)
& , W(I,I)

250 CONTINUE

C Test run completed. See if user wantsmore.

PRINT* ' 'l

PRINT *, 'Test run completed. Resultswritten onto file '
& , 'DIAGNOS.DAT'

300 PRINT *, ' '
PRINT *, 'Do you want to performanothertest run? (Y,=N)> '

J READ 3000, ANS
PRINT * ANS#

IF ( ( ANS .EQ. 'Y' ) .OR. ( ANS .EQ. 'y' ) ) GO TO 100

IF ( ( ANS .NE. 'N' ) .AND.( ANS .NE. 'n' )
& .AND.( ANS .NE. ' ' ) ) THEN

PRINT _ ' >>> Invalidresponse. Please try again. <<<'
GO TO 3_0

END IF

RETURN
END
SUBROUTINEDSKREV( NPTS)



C * Subroutine DSKREV performs a full disk revolution solu- *
C * tion to the blade equations of motion and saves the re- *
C * sulting values. *
C * *
C ***********_***_*_*************_********_***_******_**********

C **************************************************************
C * *

C * EXternal references in this routine: *
c * *

C * EULER - Self starting modified Euler predictor/cor- *
C * rector integration. *
C * NXTPHI - Calculates the next values of the yaw varl- *
C * ables. *
C * NXTPSI - Calculates the next value of the azimuth *

C * angle, Psi, *
C * SAVE1 - Saves tip dtsplace_nt variables. *
C * STRTUP - Calculates the static deflection of 'Cho *
C * blade at the startup position, *
C * TRACE - Traces certain variables. *
C * *

C **************************************************************

C ***************************************************************
C * *
C * Named COMMON blocks used in this routine: *
C * *

C * CONST Turbine and other constants used in load *
c * calculations. *
C * LIMITC - Holds values used in the LIMITS routine. *

C * POSITN - Holds parameters related to blade position *
c * such as PHI, PSl, etc. *
C * SARAYS - Holds new and old values for the general- *
C * ized coordinates. *
C * TURBN - Holds turbine parameters such as number of *

C * blades, rotor speed, etc. *
C * *

C ***************************************************************
C * *

C * Local and dummy variables used in this routine: *
C * *
C * I - Generic index. *
C * IPSIST - The next STEPMX statton in integer degrees. *
C * ISTEP - STEPMX in integer degrees, *
C * J - Generic index. *

C * NEW - Array index for new data. *
C * NPTS - Number of points along the blade used to *
C * perform Stmpson's integration for calculat- *
C * ing the moments and forces at the blade *
C * root. (passed from STRAP1) *
C * NSHP - Counter on DO loops for the coordinate *
C * shape function. *
c * OLD - Array index for old data. *

C * STEMP - Tem_>oraryarray holding the tip displace- *
C * ment values. The third dimension repre- *
C * sents the order of the time derivative. *
C * TIMNOW - Current time. *
C * *
C ************************************************************

REAL STEMP (4,0:1,0:2)
REAL TIMNOW

INTEGER I
INTEGER IPSIST
INTEGER ISTEP
INTEGER J
INTEGER NEW
INTEGER NPT$
INTEGER NSHP
INTEGER OLD

INCLUDE 'C:INCLUDE\CONST2.INC'

INCLUDE 'C:INCLUDE\LIMITC.INC'
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INCLUDE _CtINCLUDE\POSITN.XNCt

INCLUDE _CxINCLUDB\SARAYS.INC_

INCLUDE tC=INCLUDE\START.INCt

INCLUDE tC:INCLUDE\TURBN.INC_

SAVE NEW
SAVE OLD
SAVE STEMP

DATA NEW / I /
DATA OLD / 0 /

1000 FORMAT( t Static deflection at si:artup (MODEl , I2.2 s ') =l
& , F8.4 / )

C Initialize somevariables.

ISTEP = RAD2DQ*STEPMX+ .001

C IPSIST is the next STEPMXstatton. That is, then next azimuth
C Location at which the deflection, velocity and acceleration
C values will be saved and the Loads will be computed. Values
c for azimuth positions tntern_-=dtate to the Loads will not be
c saved.

IPSIST = RAD2DG*(PSI(l) + STEPMX) + 0.001

C When the ITRIH flag is set to 2, then this is the first pass
C through DSKREVfor this analysis. If it is, then compute the
c stattc deflection of the blade tip for the startup condition.

IF ( ]TRIM .EQ. 2 ) THEN

CALL STRTUP( STEMP, NPTS )

C This section prints the ccwnputedstatic starttng deflection
C when the program is running tr_ the trace mode.

IF ( TRACEF) THEN

DO 100 I=I,NSHAPS
100 WRITE (4,1000) I , STEMP(I,I,0)

ENDIF

END IF

C Push current values of S, SDOTand SDDonto old values.

DO220 NSHP=I,NSHAPS

DO200 J=O,]60,ISTEP
200 SOLD(NSHP,J)= SNEW(NSHP,O,J)

DO 210 I=0,2
210 SNEW(NSHP,I,O) = SNEW(NSHP,I,360)

220 CONTINUE

C SaVe old valuesof positionvariablesand error,

300 DEl.PSI(O) = DELPSI(1)
DELTAT(O)= DELTAT(1)
PSI (0) = PSI (1)
TIME (0) = TIME (I)

C Get next PSl, delta PSI, etc. and next yaw values PHI, PHI dot
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C and PHI dot-dot.

400 CALL NXTPS! ( ]PSIST )

TIMNOW= TIME(l)
i

CALLNXTPH! ( T1MNOW)

C Solve the equation of motion and compute tip displacements and
c velocities, check error of Euler predtctor-correotor solution.
C If the error condition ts satisfied, check for dtsk station and
C save the new values If thts azimuth is a STEPMXdisk station.

CALLEULER( STEMPs NSHAP$, NPTB )

IF ( tERROR.GT. EUERR) ,AND. (DELPSI(1) .Gl. STEPMN)) GOTO 400

C The following _ests check for' the current aztmuth looatfon
C between the STEPMXstations. If the current position is very
C close to a $TEPMXstation, then the deflection, veloctty and
C acoelerationvalues are saved.

IF ( ABS(PSI(l) - IPSIST/RAD2DG) .LT. 0.1*STEPMN ) THEN

CALLSAVE1 ( IPSIST , NSHAPS, STEHP)

C When the TRACEFflag is set, print out the prescribed
c values. See subroutine TRACEfor a full description.

IF ( TRACEF) CALLTRACE( $TEMP, NPTS )

END IF

C Hove new tecnporary values to old.

DO 510 NSHP=I,NSHAPS

DO500 I=0,2
500 STEMP(NSHP,OLD,I)= STEMP(NSHP,NEW,I)

510 CONTINUE

C If We haven't gone all the way around, solve the equation of
C motion for the next step.

IF ( IPSIST .LE. 360 ) GOTO300

RETURN
END
SUBROUTINEEULER( STEMP, NSHAPS, NrTS )

C * *

C * Subroutine EULER uses the self starting rmodifted pre- *
C * dlctor-corrector method to compute the values of the *
c * blade tlp displacementand velocity,given the previous *
c * values and the solution to the blade equationof mo- *
C * tion. The solution is not iterated for a specified de- *
C * sired accuracy, but is instead run through one computa.. *
C * tion of the predlctor-oorrector. The error function *
C * compares the percentage change in tip deflection be- *
c * tween two consecutive azimuth locations against the *
C * static tlp deflection computed by the startup routine. *
c * This error value is sent back to the calltng routine *
C * (le. DSKREV). If the error is too large e a smaller az- *
c * Jmuth angle step stze wtll be used and another call *
c * will be made to this routine. *
c * *

c ***************************************************************
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C * *

C * External references in this routine: *
C * *
C * ACCEL - SolVes the blade equation of motion. *
C * *
C *****************************W*********************************

C *******Www**ww**wwww*w*ww*wwww*wwwwww**wWWWRW***Ww*w**www**Www*

C * *
C * Named COMMONblocksused in this routine: *
c * *

c * POBITN - Holds parameters relatedto blade position *
C * such as PHI, PSI, etc. *
C * START - Holds initial blade deflection. *
C * *

C ***************************************************************

C ***************************************************************

C * *
C * Local and dummyvariables used in this routine: *
c * *
c * ACCELN- Tip acceleration. *
C * DEFLTN- Tip displacement. *
C * NEW - Array index for new data. *
c * NPTS - Number of potnts along the blade used to *
C * perform Simpson_s integration for calculat- *
C * ing the moments and forces at the blade *
c * root. (passed from STRAP1) *
C * NSHAPS- Numberof blade shape functions, 4 maximum. *

• NSHP - Counter on DC loops for the coordinate *
c * shape function, *
C * OLD - Array index for old data. *
C * SCORCT- Corrected values for blade tip accelera- *
c * tion. *
c * SPRDCT- Predicted values for blade tip accelera- *
C * tion. *
c * STEMP - Te_c_rary array holding the tip displace- *
C * ment values. The third dimension repro- *
C * sents the order of the time derivative. *
C * VELCTY- Tip velocity. *
C * *
C ***************************************************************

REAL ACCELN(4)
REAL DEFLTN(4)
REAL SCORCT(4)
REAL SPRDCT(4)
REAL STEMP (4,0:1,0:2)

j REAL VELCTY(4)

INTEGER NEW
INTEGER NPTS
INTEGER NSHAPS
INTEGER NSHP
INTEGER OLD

INCLUDE ,C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\START.INCe

SAVE NEW
SAVE OLD

DATA NEW / I /
DATA OLD / 0 /

C Calculatepredictorvalues.

DO 100 NSHP=I,NSHAPS

STEMP(NSHP,NEW,I)= STEMP(NSHP,OI,D,I)
g + STEMP(NSHP,OLD,2)*DELTAT(NEW)

STEMP(NSIIP,NEW,O)= STEMP(NSHP,OLD,O)
& + STEMP(NSHP,OLD,I)*DELTAT(NEW)

EPRDCT(NSHP)= STEMP(NSHP,NEW,O)
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100 CONTINUE

C Calculate predicted acceleration values by solving the blade
C equation of motion with the predicted values of the tip
C velocity ar_displacement.

DO200 NSHP=11NSHAPS

DEFLTN(NSHP)= STENP(NSHP,NEW,O)
VELCTY(NSHP)= STEMP(NSHP,NEW,1)

200 CONTINUE

C Subroutine ACCELperforms the actual solution of the blade
C equation of mtion. It uses the previous values of the tip
C deflection and velocity and the current values of the forces.
C It returr_s the new blade tip acceleration values.

CALLACCEL( DEFLTN, VELCTY, ACCELN, NPTS_STEHP)

C Calculate corrector values.

DO300 NSHP=I,NSHAPS

STEMP(N_HP,NEW,2)= ACCELN(NSHP)

STEMP(NSHP,NEW,O)= STENP(NSHP,OLD,O)
& + O.5*DELTAT(1)*(STENP(NSHP,OLD,1)
& + STEMP(NSHP,NEW,1))

STEMP(NSHP,NEW,1)= STENP(NSHP,OLD,1)
& + 0.5*DELTAT(1)*(STENP(NSHP,OLD,2)
& + STENP(NSHP,NEW,2))

SCCN_CT(NSHP)= $TEMP(NSHP,NEW,O)

]00 CONTINUE

C The error is computed from the sum of the ratios of the tip
C displacement change from the predicted to the corrected values
C relative to the initial static blade deflection computed at
C startup. Summation is over the numberof coordinate shape
C functionsspecified in the run.

ERROR= 0.0

DO400 NSHP=I,NSI_APS
600 ERROR= ERROR+ (SCORCT(NSHP) - SPRDCT(NSHP))/SO(NSHP)

C The error value is converted into percent for use in the
C DSKREVroutine.

ERROR= IO0.O*ABS( ERROR)

RETURN
END
SUBROUTINEFORR1( STEMP, NPT$ , NSHAPS, BLDANG)

C * *
C * Subroutine FORM1 conc_es the values of the blade dis- *
C * placement function for each of the NPTSstations along *
C * the blade. The values are produced solely for use in *
C * computing the blade relative velocity values that are *
C * in turn used to coa_ute the blade aeroch/namic forces *
C * and ultimtely the aerodyr_ic force function used in *
C = the bla_ equation of _1otion. *
C * *
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C * *
C * External references in this routine: *
C * *
C * none *
C * *
C **********************************************************

C **************************************************************
C * *
C * Named COMMONblocks used in this routine: *
C * *
C * FORMS - Holds blade deflections. *
C * POSITN - Holds parameters related to blade position *
c * such as PHI, PSI, etc. *
C * SHAPE - Holds blade coordinate shape functions. *
C * *

C , •
C * Local and dummy variab[es used in this routine: *
C * *
c * ANGLE1 - Azimuth angle for blade #1. *
C * ANGLE2 - Azimuth angle for blade #2. *
C * BLDANG - Blade azimuth position used in the teeter- *
C * ing rotor . *
C * [ - Generic index. *
C * HARK - Sign of a W term. *
C * NrTS - Number of points along the blade used to *
C * perform Simpson's integration for calculat- *
c * ing the moments and forces at the blade *
C * root. (passed from STRAP1) *
C * NSHAPS - Number of blade shape functions, 4 maximum. *
C * NSHP - Counter on DO loops for the coordinate *
C * shape function. *
C * OLD - Array index for old data. *
C * STEMP - Temporary array holding the tip displace- *
C * merit values. The third dh_ension repre- *
C * sents the order of the time derivative. *
C * *

REAL ANGLE1
REAL ANGLE2
REAL BLDANG
REAL STEMP (4,0:1,0:2)

INTEGER I
INTEGER MARK
INTEGER NPTS
INTEGER NSHAPS
INTEGER NSHP
INTEGER OLD

INCLUDE 'C:INCLLrOE\CONST2.INC'

INCLUDE 'C:INCLUDE\FORMS.INC'

INCLUDE 'C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\SHAPE.INC'

INCLUDE 'C:INCLUDE\BLADE2.INC'

SAVE OLD

DATA OLD / 0 /

C Initialize the W array.
C W(O,I) Is the blade deflection (teeter+elastic)
C W(I,_) Is the blade velocity (teeter+elastic)
C VI(O,I) is the blade teeter deflection
C VI(I,I) is the blade teeter velocity

C VE(I,I) _s the elastic part of blade velocity

_
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C VVSLP(I) ts the blade slope (elastic only)

DO 100 I=I,NPTS
W(O,I) = 0.0
W(1,I) = 0.0
Vl(O,]) = 0.0
V1(1,1) = 0.0
VE(O,I) = 0.0
VE(1,I) = 0.0
WSLP(I)=O.O

100 CONTINUE

C Compute the W values downthe blade for each of the specified
C shape fLmctions.

ANGLE1= PSI(l) + PI
ANGLE2= PSI(l)

C Determine the teeter angle and velocity=
c Note that the teeter angle is the total angle
C about the teeter pin. The value V1 is the projection
C of the teeter deflection and velocity onto the
c Xp, Yp, Zp system of axes: V1 = r*beta*cos(delt3)
C *cos(thetap).

BETA = STEMP(I,0LD,O)/(BLTIP+HUBRAD)
BETAD= STEMP(1,0LD,1)/(BLTIP+HUBRAD)

IF ( BLDANG.EQ. ANGLE1) THEN

BETA= "1.*BETA
BETAD= "I.*BETAD

DO 180 I = 1,NPTS
VI(O,I) = Vl(O,I) - SHAPE(1,0,I)WSTEMP(1,0LD,O)
VI(l,1) = VI(l,1) - SHAPE(1,0,1)*STEMP(1,0LD,1)

180 CONTINUE

DO 210 NSHP=I,NSHAPS

MARK=('I)**NSHP

DO200 I=I,NPTS
W(O,I)=W(O,I)+MARK*SHAPE(NSHP,O,I)*STEMP(NSHP,OLD,O)
W(1,I)=W(1,I)+MARK*SHAPE(NSHP,D,I)*STEMP(NSHP,OLD,1) ,,
WSLP(I)=WSLP(I)+MARK_SHAPE(NSHP,I,I)*STEMP(NSHP,OLD,O)

200 CONTINUE

210 CONTINUE

C DETERMINEONLYTHE ELASTIC CONTRIBUTIONTO DEFLECTION
C ANDVELOCITY

DO 650 NSHP= 2,NSHAPS _

MARK=(-1)**NSHP

DO640 I = 1,NPTS
VE(O,I)=VE(O,I)+MARK*SHAPE(NSHP,O,I)*STEMP(NSHP,OLD,O)
VE(I,I)=VE(I,I)+MARK*SHAPE(NSHP,O,I)*STEMP(NSHP,OLD,I)

640 CONTINUE
650 CONTINUE

ELSE IF ( BLDANG.EQ. ANGLE2) THEN

DO 215 ! = 1,NPTS
VI(O,I) = VI(O,I)+ SIIAPE(I,0,1)*STEMP(I,0LD,O)
VI(l,1) = V1(Iol)+ SHAPE(I,0,1)*STEMP(I,0LD,I)

215 CONTINUE

DO 230 NSHP=I,NSHAPS

DO220 |=I,NPTS
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W(O,I) = W(O,I) + SHAPE(NSHP,O,I)*STENP(NSHP,OLD,O)
W(1,I) = W(1,I) + SHAPE(NSHP,O,I)*STEMP(NSHP,OLD,1)
WSLP(I)= WSLP(I) + SHAPE(NSHP,I,I)*STEMPENSHP,OLD,O)

220 CONTINUE

230 CONTINUE

DO670 NSHP= 2,NSHAPS

DO660 I = 1,NPTS
VE(O,I) = VE(O,I) + SHAPE(NSHP,O,I)*STEHP(NSHP,OLD,O)
VE(1,I) = VE(1,1) + SHAPE(NSHP,O,I)*STEMP(NSHP,OLD,1)

660 CONTINUE
670 CONTINUE

ELSE

PRINT *, e >>> Error in the blade angle, BLDANG,within'
& ' subroutine FORM1 <<<_

WtPRINT , t t
PRINT *, I i
PR%NT*, tSTRAPte_ninated abnormaLLy due to the error _

& _.listed above.'
,rPRINT , I

STOP

END IF

RETURN
END
SUBROUTINEGAUSSJ( A , N )

C * *
C * Subroutine GAUSSJ is used to solve Linear equations by *
C * Gauss-Jordan elimination with fuLL pivoting. It ,as *
C * transcribed from the book "Numerical Recipes" by Wil- *
C * tiam H. Press, et al. Code for right-hand-side vectors *
C * was not implemented in this routine. This routine ,as *
C * hard-wired for matrices of maximumorder 4. *
C * *

C * *

C * External references in this routine: *
C * *
C * none *
C * *

C *************************************************--*******

C ***********************************--********************

C * *

C * NamedCOMMONblocks used in this routine: *
C * *

C * none *
C * *

C ***********************************************************

C *********--*******************--***************************

C * *

C * Local and dummyvariables used in this routine: *
C * *
C * A -input matrix with NP by NP elements. After *
C * processing it is replaced with its Inverse. *
c * BIG - The biggest element in the A matrix. *
C * DUM - Temporary storage. *
C * I - Generic index. *
C * ICOL - Column. *

C * INDXC Used for bookkeepingon pivoting. *
C * INDXR Used for bookkeepingon pivoting. *
C * IPIV - Used for bookkeepingon pivoting. *
c * J - 6eneric index. *
C * IROW - RoW. *
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, C * K - Generic index. *
C * L - Generic indeX. *
C * LL - Generic index. *
C * N - Order' of the square A matrix. *
C * NHAX - Dimension of bookkeeping arrays. *
C * PIVINV - Inverse of the current pivot el_nent. *
C * *

REAL A (4,4)
REAL BIG
REAL DUM
REAL PIVINV

INTEGER I
INTEGER ICOL
INTEGER INDXC (4)
INTEGER INDXR (4)
INTEGER IPIV (4)
INTEGER J
INTEGER IROW
INTEGER K
INTEGER L
INTEGER LL
XNTEGER N

C Initialize the pivot matrix.

DO 100 J=I,N
100 IPIV(J)= 0

C This is the main loop over the c'olurnnsto be reduced.

DO 260 I=I,N

BIG = 0.0

C This is the outer loop of the searchfor a pivot etement.

DO 210 J=I,N

IF ( IPIV(J).NE. I ) THEN

DO 200 K=I,N

IF (IPIV(K) .EQ. 0 ) THEN

IF ( ABS(A(J,K) ) .GE.BIG ) THEN

BIG = ABS(A(J,K) )
IROW = J
ICOL = K

ENDIF

ELSE IF (IPIV(K) .GT. I ) THEN

PRINT *, ' '
PRINT *, ' >>> The inputmatrix to GAUSSJ is '

& ,, 'singular. <<<'PRINT , ' '
PRINT *, 'STRAPterminatedabnormallydue to the '

& , 'the error listedabove.'

STOP

ENDIF

200 CONTINUE

END IF

210 CONTINUE
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IPIV(ICOL) = IPIV(ICOL) + 1

C We now have the pivot element, so we interchange rows. If
c needed, to put the pivot element on the diagonal. The col-
C umns are not physically interchanged, only relabeled:
C INDXC(1),the column of the lth pivotalelement, is the lth
C column that is reduced,while INDXR(I)is the row in which
C that pivot elementwas originallylocated. If INDXR(1)is
C not equal to INDXC(1),there is an impliedcolumn inter-
C change. With this form of bookkeeping, the solution Bs will
C end up in the correct order, and the inverse matrix will be
C scrambled by columns.

IF ( IROW .NE. ICOL ) THEN

DO 220 L=I,N

DUM = A(IROW,L)
A(IR(_,L)= A(ICOL,L)

I A(ICOL,L) = DL_4
220 CONTINUE

END IF

C We are now ready to divide the pivot row by the pivot
C element, locatedat (IROW,ICOL).

INDXR(1) = IROW
INDXC(I) = ICOL

IF (A(ICOL,ICOL) .EQ. 0.0 ) THEN

PRINT * I I#

PRINT *, ' >>> The input matrix to GAUSSJiS t

& ,, 'singular. <<<_PRINT , ' '
PRINT *, 'STRAPterminatedabnormallydue to the '

& , 'the error listedabove.'

STOP

ENDIF

PIVINV = 1.0/A(ICOL,ICOL)

A(ICOL,ICOL)= 1.0

DO 230 L=I,N
2]0 A(ICOL,L)= PIVINV*A(ICOL,L)

C Reduce all the rows except the pivot one.

DO 250 LL=I,N

IF ( LL .NE, ICOL ) THEN

DUM = A(LL,ICOL)
A(LL,ICOL)= 0.0

DO 240 L=I,N
240 A(LL,L)= A(LL,L) " DUM*A(ICOL,L)

END IF

250 CONTINUE

260 CONTINUE

C Unscramblethe solution in view of the column interchanges.
c We do this by interchangingpairs of columnsin the reverse
C order that the permutationwas builtup.

DO 310 L=N.I.-I
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IF ( INDXR(L) .NE. INDXC(L) ) THEN

DO300 K=I,N

DUM = A(K,INDXR(L))
A(K,INDXR(L))= A(K,INDXC(L))
A(K, INDXC(L)) = DUM

300 CONTINUE

ENDIF

510 CONTINUE

RETURN
END
SUBROUTINEGETFIL ( RESFIL )

C , **************************************************************

C * *

C * Subroutine GETFIL gets the nameof the results file and *
c * opens it. If the file already exists, the user is *
C * asked if it should be overwritten. *
C * *
C *************************************************************

C *************************************************************

C * *

C * External referencesin this routine: *
C * *

C * LNTH - Returns the lengthof a string. *
C * *

C **********************************************************

C * *

C * Named COMMON blocks used in this routine: *
C * *

C * none *
C * *

C ************************************************************

C * *

C * Localand dummy variablesused in this routine: *
C * *

C * ANS - Answer to user question. *
C * EXISTS - Flag that indicates whether or not a file *
C * already exists. *
C * ISOPEN- Flag that indicates whetheror not unit 4 *
C * is already active. *
C * NEDOPN- Flag that indicates whether or not we need *
C * to open the results file, *
C * RESFIL - Name of file to store results. *
C * TEMP - Temporaryvariable used to store the name *
C * of the results file. *
C * *

INTEGER LNTH

LOGICAL EXISTS
LOGICAL ISOPEN
LOGICAL NEDOPN

CHARACTER*I ANS
CHARACTER*(*) RESFIL
CHARACTER*50 TEMP

1000 FORMAT ( ' Enter name of results file [=' , A , e] > _ )
1100 FORMAT( A )
1200 FORMAT( 'I' )
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C Get name of results file.

100 PRINT 1000, RESFIL(I:LNTH(RESFIL))
READ 1100, TERP

IF ( TEMP,EQ. s t ) THEN

C The user hit just an <Enter>,, Use the old name.

TEMP= RESFIL

ELSE

C Convert file name to upper case if a name was typed in,

CALLCAPS( TEMP)

END IF

C Check to see if unit 4 is already attached.

INQUIRE ( 4 , OPENED=ISOPEN)

IF ( ISOPEN) THEN

IF ( TEMP .EQ. RESFIL ) THEN

C Use the same file thatls already open. Eject a page.

WRITE (4,1200)
NEDOPN= .FALSE.

ELSE

C Use a different file. Close old one,

CLOSE( 4 )
NEDOPN= ,TRUE.

END IF

ELSE

C No open file yet. Weneed ¢o open one.

NEDOPN= ,TRUE.

END IF

IF ( NEDOPN) THEN

C ge need to open the new resuLts file. Does it already
C exist?

INQUIRE ( FILE=TEMP, EXIST=EXISTS )

IF ( EXISTS ) THEN

J

C File aLready exists. Write over it?

PRINT *, ' >>> File already exists <<<'
110 PRINT * ' 'f

PRINT * 'Do you want to overwritethe old data?_I

& , ' (Y,N) > '
READ 1100, ANS
PRINT * ANSI

IF ( ( ANS .EQ. 'N' ) .OR. ( ANS .EQ. _nI ) ) GO TO 100
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IF ( (ANS oNE. 'Y' ) .AND. (ANS .NE. 'y' ) ) GO TO 110

END I F

C Open the results file.

OPEN ( 4 , FILE=TEMP , STATUS=IUNKNOWNI
& , CARRIAGECONTROL=_FORTRAN_ )

END IF

C Save name of results file.

RESFIL = TEMP

RETURN
END

SUBROUTINE INDUCD ( INBORD , NPTS , BLDANG )

C ***************************************************************
C * *

C * Subroutine INDUCD computes the induced velocities along *
c * the blade. These are then used to compute the aerody- *
C * namic forces. The values computed and returned by this *
C * routine are all in non-dimensional form. That is, they *
C * are divided by R, OMEGAor R*OMEGAwhere necessary. *
C * *

C *************************************************************

C * *

C * External references in this routine: *
c * *
C * none *
C * *
C **************************************************************

C *************************************************************
c * *
C * Named COMMON blocks used in this routine: *
C * *

C * AER01 - Holds coefficients related to aerodynamic *
C * loads calculations such as ClAlpha, CdZero, *
C * etc. *

C * BLADE - Holds blade property values such as stiff- *
C * hess and mass distributions. *
C * CONST - Turbine and other constants used in load *
C * calculations. *

C * POSITN -,Holds parameters related to blade position *
C * such as PHI, PSI, etc. *
C * TURBN - Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * VINDUC - Holds induced velocity components. *

C * WIND Holds wind shear and tower shadow parame- *
C * ters. *
C * WNDVEL - Holds values used in wind shear and tower *

C * shadow computations. *
C * *

C ***************************************************************
C * *

C * Local and dummy variables used in this routine: *
c * *

C * A2BVL - Temporary storage. *
C * AA - Temporary storage. *
C * ALMP - Temporary storage. *

C * AM2BV - Temporary storage. *
C * AMBV - Temporary storage. *

C * APR - Temporary storage. *
C * APRIME - Temporary storage. *
C * ASTAR - Temporary storage. *
C * BB - Temporary storage. *
C * BLDANG - Blade azimuth position used in the teeter- *

-
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C * ing rotor option. *
C * BPRIME- Temporary storage. *
C * BVALUE- Ten_orary storage. *
C * CC - Tee_oorary storage. *
C * CPRIHE- Temporary storage. *
c * CSS - Tefl_oorary storage, *
C * DELVSH- Temporary storage. *
C * Ft - Te_aorary storage. *
C * F2 - Temporary storage. *
C * F3 - Ten_oorary storage, *
C * F4 - Tc_qoorarystorage. *
C * I Generic indeX. *
C * INBORD- The nuldoer of blade stations that are not *
C * on the airfoil section, INBORDis used in *
C * other routines to differentiate between *
C * sections of the blade with and without an *
C * airfoil section. *
c * ISUBP TelT_oorarystorage. *
C * ISUBW - TenNoorarystorage_ *
C * J - Generic index. *
C * LAMI)AH- Inflow ratio. *
C * HPRIME- Terqoorary storage. *
C * NPTS Number of points along the blade used to *
C * perform Simpson_s integration for calculat- *
c * ing the moments and forces at the blade *
c * root. (passed from STRAP1) *
C * P Temporary storage. *
C * RBAR - Temporary storage. *
C * RDCL1 - Temporary storage. *
C * RDCL2 - Temporary storage. *
C * STEADY- Flag to indicate steach/ flow. *
C * STEP - Distance between points along the blade. *
C * TAU - Temporary storage. *
C * TAU4 - TencKararystorage. *
C * TAUTZL- TenTw)rary storage. *
C * THETZL- Tencx)rary storage. *
C * TLAM - Ten_orary storage. *
C * TSUBZR- Ten_orary storage. *
C * VINDPC - Teff_oorarystorage. *
C * VINDS - Tee_oorarystorage. *
C * Z Blade positionpointer. *
c * *
C **************************************************************

REAL A2BVL
REAL AA
REAL ALMP
REAL AM2BV
REAL AMBV
REAL APR
REAL APRIME
REAL ASTAR
REAL BB
REAL BLDANG
REAL BPRIME
REAL , BVALUE
REAL CC
REAL CPRIME
REAL CSS (5)
REAL DELVSH
REAL F1
REAL F2
REAL F3
REAL F4
REAL ISUBP
REAL ISUBW
REAL LAJ_DAH
REAL MPRIME
REAL P
REAL RBAR
REAL RDCL1
REAL RDCL2
REAL STEP
REAL TAU
REAL TAU4
REAL TAUTZL
REAL THETZL
REAL TLAM
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REAL TSUBZR
REAL VINDPC
REAL VINDS
REAL Z

INTEGER I
INTEGER INBORD
INTEGER J
INTEGER NPTS

LOGICAL STEADY

INCLUDE sC:]NCLUDE\AEROI.INC*

INCLUDE ,C:INCLUDE\BLADE2.INCt

INCLUDE IC:INCLUDE\CONST2.INCt

INCLUDE 'C:INCLUDE\POSITN.INCI

INCLUDE _C:INCLUDE\TURBN.INCI

INCLUDE tC:INCLUDE\VINDUC.INCI

INCLUDE 'C:INCLUDE\WIND2,1NCI

INCLUDE _C:INCLUDE\WNDVEL.INCI

2000 FORMAT( / I >>> Error in steady induced velocity. <<<t
& / i >>> Negative value tn SQRTwas set to O. <<<1
& / i >>> BLade angle =1 , F6.2
& i <<<l#

& / a >>> Blade station =1 , I3.2
& , i <<<1
& /)

C InitiaLize constants.

INBORD= 1
LAMDAH= HUBVEL/( RR*OMEGA)
STEP = BLTIP/(NPTS " I )

IF ( TSHADW ,EQ. 0.0 ) THEN
TSUBZR = 0.0

ELSE
TSUBZR= TSUBO

END IF

DO 100 I=I,5
100 CSS(I) = COS( I*BLDANG)

C Move blade stationpointerto inboardstart of airfoilsection
C on blade. ,,

Z = 0.0

110 IF ( Z .LT.BLSHNK ) THEN

Z = Z + STEP
INBORD= INBORD+ I

GOTO 110

END IF

C InitiaLizeinternalvalues.

ASTAR = 0.20
MPRIME = 2.40
BVALUE= 0.16
Z = O.O

ALMP = LAMDAH*MPRIME
AMBV = MPRIME+ BVALUE
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AH2BV = LAHOAH*(HPRIHE+ 2,0*BVALUE )
APR = 1,0/( 8.0*PI*RR )
A2BVL = 2.0*BVALUE*LAHDAH
TLAM = LAHDAH*L/tJ_DAH

C Loop through blsde stations°

Do 220 I=I_NPTS

IF ( I .LT. XNBORD) THEN

VINDR(1) = 0.0
VINDO(I) = 0.0
DVIND(I) = 0,0

ELSE

STEADY = .TRUE.
RBAR = ( Z + HUBRAD)/RR
TtlETZL = THETAP- THETAO(1)
TAU = APR*( CLALFA(I)WCHORD(I)WNBLADS)
TAUTZL = TAUWTHETZL

AA =RBAR - 0.5*TAUTZL
BB = RBARWTAU- LAHDAH*(REAR

& - (WSHR(O,I) - TSUBZR)*( REAR - TAUTZL) )
CC =-RBAR*( RBARWTAUI'ZL

& + LAHDAH*(WSHR(O,I) - TSUBZR)*( LAHDAH- TAU ) )

C Compute the tnduoed velocity. First check to see if the
c coefficient of the squared term ts zero. If it tsa then
C the equation is Linear. If the radtoa_ of the root is
c Less than zero, then the momentumsolutton ts tnvaltd,
c set the radical to zero and go on.

IF ( AA .NE. 0.0 ) THEN

RDCL1= BB**2 - 4.0*AA*CC

IF ( RDCL1.LT. O.O ) RDCL1= 0.0

VINDR(1) = 0.5_( -BB + $QRT( RDCLI ) )/AA

ELSE

VINDR(1) = -CC/BB

END IF

C Check to see tf the induced condition is steady or
C turbulent, If tt is turbulent, compute turbulent
C intermediate values and recompute the induced velocity.

IF ( ( 1.0-VINDR(I)/LAHDAH .GT. ASTAR) .OR.
& ( RDCL1.EQ. 0.0 ) ) THEN

STEADY= ,FALSE.
TAU4 = 4.0*TAU

APRIME= 2.0*TAUTZL
BPRIME=-RBAR*( ALMP+ TAU4 )

& - LAHDAH*(WSHR(O,I) - TSUBZR)
& w( RBAR*MPRIME- 4*TAUTZL )

CPRIME=RBAR*( 4*RBAR*TAUTZL+ AHBV*TLAH
& + LAHDAII*(WSHR(OaI) - TSUBZR)
& *( AH2BV- TAU4 ) )

C Computethe induced velocity. Use same logic as
c for steady flow.

IF ( APRIHE ,NE. 0.0 ) THEN

RDCL2= BPRIME_*2 " 4*APRIHE*CPRIHE

IF ( RDCL2.LT. 0.0 ) THEN
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PRINT 2000, BI.DANG0 I

RDCL2= 0,0

END IF

V1NDR(1) = -0,5'( BPRIME+ SQRT(RDCL2 ) )/APRIME

ELSE

VINDR(1) = -CPRIME/BPRIHE

BND IF

END IF

VINDO(1) _ LAMDAH - VINDR(1)

C CaLouLate the intermediate oomponents for forming induoed
c velooity terms.

F1 = TAU*VINDR(I)*(VINDR([) - 2*RBAR*THETZL)
F2 = TAU*( RBAR- THETZL*VINDR(1) )
F3 = RBAR*(VINDR(1) - VINDO(1) ) + F2

IF ( STEADY ) THaN

ISUBP = F1/F3
ISUBW= LAMDAH*(F2 - RBAR*VINDO(1))/F]

ELSE

F4 = RBAR*ALMP+ 4"F2
ISUBP = 4*F1/F4
ISUBW= LAMDAH*(4"F2 - RBAR*( A2BVL

& + MPRIME*VINDO(1)) )/F4

END IF

C Form induced velocity components of order epsilon, et¢.

VINDC(1) = -PHI(O)*ISUBP+ WSIIR(I,I)*ISUBW
VINDS = -CHI*ISUBP

DO 200 J=2,5
200 VINDC(J) = WSHR(J,I)*ISUBW

C Compute the tower shadow effect if in the tower shadow
C region, l

IF ( TSHADW.NE. 0.0 ) THEN

VINDPC= TSUBP*ISUBW
P = KSHADW*PI/PSIZER
DELVSH= VINDPC*CO$(P*( BLDANQ- PSISHD ) )

ELSE

VINDPC= 0.0
DELVSH= 0.0

END IF

C Compute the delta-V-induced term. i.e., the sumof the
C order epsilon oomponents.

DVIND(1) = VINDS*SIN( BLDANG) " DELVSH

DO210 J=1,5
210 DVIND(1)= DVIND(1)+ VINDC(J) * CSS( J )

END IF

I_ AA
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0 Incrementthe blade positionpointerand repeatthe Induced
C velooltyprocedureo_t to the blade tip.

Z = Z + STEP

220 CONTINUE

RETURN
END
SUBROUTINEINVERT ( AMAT, AINV , N )

C ***************************************************************
C * *
C * Subroutine INVERT is a transparent interface between *
C * the calling routine, SOLVE, and GAUSSJ, the routine *
C * that performs the actual inversion. The incoming ma- *
C * trix is unaffected by the inversion process. *
C * *
C ***************************************************************

C ***************************************************************
C * *
C * External referencesin this routine: *
C * *

C * GAUSSJ - Matrlx inversionusing Gauss-Jordanellml- *
c * nationwith full pivoting. *
C * *
C ***************************************************************

C ***************************************************************

0 * *
C * NamedCOMMONblocks used in this routine: *
C * *
C _ none *
C * *
C ***************************************************************

C ***************************************************************
C * *
C * Local and dummyvariables used in this routine: *
C * *
C * AINV - The resulting inverse matrix. *
C * AMAT - The incomingmatrix to be inverted. *
C * I - Genericindex. *
c _ J - Genericindex. *

C * N - The order of the incoming square matrix. *
C * *
C **************************************************************

REAL AINV (4,4)
REAL AHAT (4,4)

INTEGER I
INTEGER J
INTEGER N

C Load the incomingmatrix into the inversematrixAINV.

DO 20 I=I,N
DO 10 J=I,N

AINV(I,J)= AMAT(I,J)
10 CONTINUE
20 CONTINUE

C Invertthe matrix.

CAI.LGAUSSJ ( AINV , N )

RETURN
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END
SUBROUTINE LIMITS

C * *

C * Subroutine LIMITS inputs the run limit values through *
C * interactive dialog. A set of default values are init- *
C * iatized in the BLOCK DATA subprogram. *
C * *

C * *

C * External references in this routine: *
C * *
C * none *
C * *

C *------***--**********--********--********

C * *
C * Named COMMON blocks used in this routine: *
C * *

C * LIMITC - Holds values used in the LIMITS routine. *
C * *

C ,._._._ _'w_k', w *"_W'_t ,_¥_ _*'_-@r'**._ *.'_'._ .A._.W_¢__._,_ tr*.._,_,_ _'*.¢r*,_ _ _ _ * _ _ _ _ _

C * *

C * Local and dummy variables used in this routine: *
C * *

C * ANS - Answer to user question. *
C * ERROR - IOSTAT error value on OPEN statement. Used *

C * to check for existing files. *
C * ICASE - Number of variable to change. *
C * P1 - Temporary variable used for testing to see *
C * if PRINT1 is a multiple of STEPMX. *
C * P2 - Temporary variable used for testing to see *
C * if PRINT2 is a multiple of STEPMX. *
C * TEMP Temporary variable used to store the name *
C * of the results file. *
C * *

C 'W_'_r_1_'_t_'_r_r_*._`_'_w_._*_*'*__.*_*1t_*_**_*

REAL PI
REAL P2

INTEGER ICASE

CHARACTER*I ANS

INCLUDE 'C:INCLUDE\L IMITC. INC'

1000 FORMAT ( // ' The current values of the run parameters are:' / )
1100 FORMAT ( IX , A , F8.3 , A )
1200 FORMAT ( IX , A , 14 , 4X , A )
2000 FORMAT ( A )

C Print out the current limit values.

100 PRINT 1000

PRINT 1100, ' I STEPMX = ' , STEPMX

& , ' degrees Maximum Step Size'

PRINT 1100, ' 2 STEPMN = ' , STEPMN
& , ' degrees Minimum Step Size'

PRINT 1100, ' 3 PRINT1 = ' , PRINTI
& , ' degrees Printout Interval in Region I'

FRI_T _00, ; 4 Pk%NT_ = ' , PRINT2 =

& , ' degrees Printout Interval in Region 2'
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PRINT 1100, ' 5 BEGIN2 = ' BEGIN2I

& , ' degrees Beginning of Print Region 2'

PRINT 1100, ' 6 END2 = ' END2I

& , ' degrees End of Print Region 2'

PRINT 1100, ' 7 EUERR = ' EUERRI

& , ' percent Max value of EuLer error function'

PRINT 1100, ' 8 TRHERR = ' TRMERRI

& , ' percent Convergence Criterion for Trim Solution'

PRINT 1200, ' 9 NYAW = ' , NYAW

& , ' No. of Disk Revolutions for Yawing Soln.'

IF,( TRACEF ) THEN

PRINT *, '10 TRACEF = .TRUE. Trace Flag'
ELSE

PRINT *, '10 TRACEF = .FALSE. Trace Flag'
END IF

C Ask user for changes to present values.

200 PRINT * ' 'l

PRINT *, 'Do you want to change any of these values? (Y,=N) > '
READ 2000, ANS
PRINT * ANS

IF ( ( ANS .EQ. 'Y' ) .OR. ( ANS .EQ. ,ye ) ) THEN

210 PRINT * ' 'I

PRINT *, 'Enter number of variable you wish to change • '
READ * ICASEI

PRINT * ICASEI

IF ( ( ICASE .LE. 0 ) .OR. ( ICASE .GT. 10) ) THEN

PRINT * ' >>> InvaLid response. PLease try again. <<<'
GO TO 210

ELSE

C Change one of the variables.

GO TO (300,310,320,330,340,350,360,370,380,390), ICASE

300 PRINT * 'Enter new REAL value for STEPHX • 'I

READ * STEPNXI

PRINT * STEPMXI

GO TO 100

310 PRINT * 'Enter new REAL value for STEPMN • 'I

READ * STEPMN#

PRINT * STEPMNe

GO TO 100

320 PRINT * 'Enter new REAL value for PRINTI • 'I

READ * PRINT1e

PRINT * PRINT1#

GO TO 100

330 PRINT * 'Enter new REAL value for PRINT2 • '#

READ * PRINT2I

PRINT * PRINT2I

GO TO 100

340 PRINT * 'Enter new REAL value for BEGIN2 > '#

READ * BEGIN2#

PRINT * BEGIN2I

GO TO 100

READ * END2m

PRINT * END2#i,
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GO TO 100

360 PRINT * 'Enter new REALvalue for EUERR> it

READ * EUERRI

PRINT *, EUERR
GOTO 100

370 PRINT * 1Enter new REALvalue for TRMERR>I

READ * TRMERRt

PRINT * TRMERR!

GOTO 100

380 PRINT * _Enter new INTEGERvalue for NYAW>t

READ *, NYAW
PRINT * NYAWI

GOTO 100

390 PRINT *, _Enter new LOGICALvalue for TRACEF(T,F) >
READ * TRACEF#

PRINT * TRACEFI

GOTO 100

END I F

ELSE IF ( ( ANS .NE. 'N') .AND. ( ANS .NE. In' )
& .AND. ( ANS .NE. i i ) ) THEN

PRINT *, _ >>> Invalid response. Please try again. <<<'

GOTO 200

END I F

C Check to make sure the values of PRINT1 and PRINT2 are integer
C multiples of STEPMX. If they are not, print error n_ssage and
C go back to the change values section.

P1 = STEPMX*INT( PRINT1/STEPMX+ 0.00001 )
P2 = STEPNX*INT( PRINT2/STEPMX. 0.00001 )

IF ( ABS( P1 - PRINT1 ) .GT. 0.001 ) THEN

PRINT * I t#

PRINT *, ' >>> PRINT1 must be a multiple of STEPMX <<<'

GOTO 100

ENDIF

IF ( ABS( P2 - PRINT2 ) .GT. 0.001 ) THEN

PRINT * , tI

PRINT *l _ >>> PRINT2 must be a multiple of STEPMX <<<'

GO TO 100

END IF

RETURN
END
FUNCTIONLNTH( STRING )

C *_rl_*_It*_t_*_********_********************************_t****

C * *
C * Function LNTHreturns the length of a character string. *
C * ghen using the Lahey F77L compiler,the intrinsicfunc- *
C * tion NBLANK can be used as we do here. This function *
C * was supgLied to make conversion to other consulters eas- *
C * ier. *
C * *

C ***********--************************--****************

C * Nan_=dCOtg40Nblocks used in this routine: *_
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C * *
C * none *
C * *

C _*****w,_ww****_w_,_w,_**www**_www_w**_,_,_w_w_**w_,_
C * *
C * Varlables used in this routine: *
C * *
C * It - Generic index. *
C * LENGTH - The declared Length of STRING. *
C * LNTH - The location of the last nonbLank oharaoter *
c * tn STRING. *
C * STRING - A character string. *
C * *
C **************************************************************

INTEGER IC
INTEGER LENGTH
INTEGER LNTH

CHARACTER*(*) STRING

C Get the declared Length of STRING using the FORTRAN77 intrinsic
C function LEN.

LENGTH = LEN( STRING )

C Find the location of the last nonblank character in STRING.

DO 100 lC=LENGTH,l,-1

LNTH = IC

IF (STRING(IC:IC) .NE. i i ) GO TO 200

100 CONTINUE

C STRING is all blanks.

LNTH = 0

200 RETURN
END
SUBROUTINE LODOUT ( NCALLS )

C *************************************************************

C * *

C * Subroutine LODOUT is used to compute blade loads and *
c * print them out. *
C * *
C **************************************************************

C **************************************************************
C * *
C * External references in this routine: *
C * *

C * AERO - Calculates the aerodynamic forces on the *
C * blade. *
C * CONVRT - Performs units conversions. *
C * LNTH - Returns the length of a string. *
C * NXTPH] - Calculates the next values of the yaw vari- *
C * abLes. *

C * SIMPSN - Co¢¢_osite Simpson_s integration. *
C * TRPZOD - Composite trapezoidal integration. *
C * *

C ************************************************************

C * *
-- _=,_ _u_,u_ g=Oc_s US_ in this routine: *

C * *
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C * AER01 Holds coefficients related to aerodynamic *
C * loads calculations such as ClAlpha, CclZero, *
C * etc. *
C * AIRFRC- Holds values used in aerodynamic calcula- *
C * t icns. *
C * BLADE - Holds blade property values such as stiff- *
C * ness and mass distributions. *
C * CONST - Turbine and other constants used in Load *
C * ca lcut at i cns. *
C * FORMS - Holds blade deflections. *
C * LIMITC - Holds values used tn the LIMITS routine. *
C * LITERL - Holds data set titles. *
C * LODVAL- Holds values used to conl)ute blade loads. *
C * POSITN- Holds parameters related to blade position *
C * Such as PHI, PSI, etc. *
C * SARAYS- Holds new and old values for the general- *
C * i zed coordinates. *
c * SHAPE - Holds blade coordinate shape functions. *
C * TENSIN- Holds tension component integrals. *
c * TURBN - Holds turbine par,maters such as nunWoerof *
C * blades, rotor speed, etc. *
C * WIND Holds wind shear and tower shadow parame- *
C * ters. *
c * *
c ***************************************************************

C ***************************************************************
C * *
c * Local and dLmwWvariables used in this routine: *
C * *
C * AVEMOM - Mean flapwise bendingmoment at 0.2*R. *
C * BLDANGo Blade azimuthposition used in tho teeter- *
C * ing rotor . *
C * COEF1 - Ccms)tic,ted term. *
C * COEF2 - Conqolicated term. *
C * COEF3 - Complicated term. *
C * COEF4 - Complicated term. *
c * COEF5 - Con_olicated term. *
C * COEF6 - Complicated term. *
C * CDEF7 - Con_olicated term. *
C * COEF8 - Complicated term. *
c * CPSI - Cosine of the blade angle. *
C * DMSBAC- Complicated term. *
c * ECENGR- Integral of ECNTFN. *
C * EDGEFN- Edgewise shear force distribution. *
C * EINTGR- Integral of EDGEFN. *
C * FACTR1- Complicated term, *
C * FINTGR- Integral of FLAPFN. *
C * FLAPFN- Flapwtse shear force distribution. *
C * FPS2KW- Factor for converting Ft-Lbs/sec to KW. *
C * I - Generic index. *
C * IBEGIN - Azimuth position for begirming of print re- *
C * gion 1. *
C * IEND - Azimuthposition for end of print regionI. *
c * ILABEL- Stringsused for printout. *
C * IPRNTI - Printout intervalfor resultsin print re- *
C * gion I, *
C * IPRNT2- Printout intervalfor resultsin print re- *
C * gion 2. *
C * 1PSI - Integerized disk station azimuth positions. *
C * IPSIST - The next STEPMXstation in integer degrees. *
C * IrT - Data point index. *
C * IST - Stationindex. *
C, * IVALUE- Temporarystorage. *
C * J - Generic index. *
C * LABEL1- String to hold variable names. *
C * LABEL2 - String to hold units for variables. *
C * LABEL3- String to hold variable descriptions. *
C * LABEL&- String. *
C * LABEL5- String. *
C * LL - Generic index. *
C * M - Genericindex. *
C * NCALLS - Numberof calls to LOOOUT. *

C * NOWPSI - Currentvalue of azimuthposition. *
C * NPTS - Number of points along the blade used to *
C * perform StnMoson's integration for calculat- *

C * rooK. (passed from STRAP1) *

D-50



C * NSHP - Counter on DO Loops for the coordinate *

C * shape function. *
c * NSTN - Nunt_er of stations around rotor disk. *

C * NTORQS - Nun_er of values used to co_oute TRQSUM. *
C * NTOT - NUmber of values used to cc_npute AVEMOM. *
C * OMGASQ- Omega^2. *
C * POWER - Power output of wind turbine. *
C * PRDCTO - Tenq_orary storage. *
C * PRDCT1 - Temporary storage. *
C * PRDCT2 - Ten_oorary storage. *
C * PRODCT - Temporary storage. *
C * PRODD - Temporary storage, *
C * PXAERO - AerocS/namic loads in the edgewise direc- *
c * tion. *
C * PYAERO - Aerodynamic toads in the flapwise direc- *
C * lion. *
C * QZAERO - Integral of QZFCN. *
C * QZFCN - Aerodynamic moment per unit length about *
C * the elastic axis. *
C * RDIST Distance out along blade. *
C * RESLTS - Tenq_orary storage. *
C * RPO Phi in degrees. *
c * RP1 Phi-dot in degrees. *
c * RP2 Phi-dot-dot in degrees. *
C * RPHI - Phi and its derivatives at this disk sta- *
C * tion. *

C * RTIME Time values in yaw solution, *
C * SINTGR - The integral of VXFCN. *
C * SPSI - Sine of the blade angle. *
c * STEP1 - Distance between stations along the blade. *
C * TIMNOW - Current time. *

C * TINTGR .- Integral of TSNFCN. *
C * TODEGS - Flag used to tell CONVRT to convert 'free' *
C * variables to degrees. *
C * TORADS - Flag used to tell CONVRT to convert 'free_ *
C * variables to radians. *

C * TORQFN - The torque produced by an incremental aero- *
C * dynamic force. *
C * TRQSUM- Total torque. Integral of TORQFN. *
C * TSNFCN - Product of the tension force and the slope *
c * at a blade station. *

C * VALUE - Tencx_rary storage. *
C * VXFCN - Product of the edgewise shear force and the *

C * blade slope at a blade station. *
C * *

REAL AVEMC_4
REAL BLDANG
REAL COEF1
REAL COEF2
REAL COEF5
REAl. COEF4
REAL COEF5
REAL COEF6
REAL COEF7
REAL COEF8
REAL CPSI
REAL DAHCOF
REAL DMSBAC
REAL ECENGR
REAL EDGEFN (21)
REAL EINTGR
REAL FACTR1
REAL FINTGR
REAL FLAPFN (21)
REAL FDARP (360)
REAL FPS2KW
REAL ONGASQ
REAL PO_ER
REAL PRDCTO
REAL PRDCT1
REAL PRDCT2
REAL PROOCT(21)
REAL PROOD
REAL PXAERO (21)
REAL. PYAERO (21)

=
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REAL QZAERO
REAL QZFCN (21)
REAL RDIST
REAL TEETER(360)
REAL RPO
REAL RP1
REAL RP2
REAL RPHI (360,0:2)
REAL RTIME (360)
REAL SIMPSN
REAL SiNTGR
REAL SPSI
REAL STEP1
REAL TIMNOW
REAL TINTGR
REAL TORQFN(21)
REAL TRPZOO
REAL TRQSUM
REAL TSNFCN(21)
REAL VALUE (30)
REAL VXFCN (21)
REAL ACOF(0=10,21)
REAL BCOF(0:10,21)

INTEGER H
INTEGER I
INTEGER IPRNT1
INTEGER IPSI (360)
INTEGER IPSIST
INTEGER ]PT
INTEGER IST
INTEGER IVALUE (4)
INTEGER J
INTEGER LL
INTEGER LNTH
INTEGER M
INTEGER MITEM
INTEGER NHARM
INTEGER NCALLS
INTEGER NOWPSI
INTEGER NPTS
INTEGER NSHP
INTEGER NSTN
INTEGER NTORQS
INTEGER NTOT

CHARACTER*IO ILABEL (4)
CHARACTER*9 LABEL1(30)
CHARACTER*11 LABEL2(30)
CHARACTER*45 LABEL3(9)
CHARACTERW5D LABEL6(9)
CHARACTER*t9 LABEL4
CHARACTER*2 LABEL5
CHARACTER*I ANSl

LOGICAL TOOEGS
LOGICAL TORADS

INCLUDE 'C:INCLUDE\AEROI.INC'

INCLUDE 'C:INCLUDE\AIRFRC.INC_

INCLUDE 'C:INCLUDE\BLADE2-INCa

INCLUDE 'C:INCLUDE\CONST2-INC_

INCLUDE tC:INCLUDE\FORMS.INC_

INCLUDE 'C:INCLUDE\LIMITC,IN C_

INCLUDE IC:INCLUDE\LITERL-INCI

INCLUDE ICIINCLUDE\LODVAL-INCI

INCLUDE IC:INCLUDE\POSITN.INCI

INCLUDE 'C:INCLUDE\SARAYS,INCI
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INCLUDE 'C:INCLUDE\SHAPE.INC'

INCLUDE 'C=INCLUDE\TENSIN2.INC'

INCLUDE 'C:INCLUDE\TURBN.INC'

INCLUDE 'C:INCLUDE\RESLTS.INC'

INCLUDE 'C:INCLUDE\WIND2.INC'

INCLUDE 'C¼INCLUDE\SPRING2.1NC'

INCLUDE 'C:INCLUDE\HUBPRP2.INC'

SAVE ILABEL
SAVE LABEL1
SAVE LABEL2
SAVE LABEL3
SAVE NrTS
SAVE TODEGS
SAVE TORADS
SAVE IPSI

DATA FPS2KW / 0.0013558 /

DATA ILABEL / 'KSHADW= ' 'NBLADS= '#

& , 'NSHAPS= ' , 'NYAW = ' /

DATA LABEL1
& / 'ALENTH= ' 'ALPHAO= ' 'BETAO = ' 'BLSHNK=I , Q

& , 'BLTIP = ' 'CHI = ' 'CSUBMA= ' 'DRGFRM=I # ¢

& , 'EUERR = ' 'HUBHT = ' 'HUBRAD= ' 'OMEGA =
& , 'PHIAMP = ' , 'PHIOMG= ' 'PHIO = ' 'PSIZER =
& , 'RHOAIR= ' 'SHERXP= ' 'STEPMX= ' 'STEPHN=
& , 'TSUBP = ' 'TSUBO = ' 'THETAP = ' ITHETAT=I , I

& , 'TRMERR= ' , 'VHUB = ' 'DELT3 = I IUNDSLG=t #

& , 'HUBMAS= ' 'HUBDIS = ' /I

DATA LABEL2
& / 'feet t ,degrees ' 'degrees _ 'feetI I I

& , 'feet , idegrees , , i , ,I I I

& _ 'percent ' _feet ' ' feet , fRPH 'I , t

& , 'degrees ' Idegrees/sec' , 'degrees ' Idegrees '' I

& , _stugs/ft^3 _ i ' 'degrees i _degrees '1 I I

g , ' ' , _ ' , 'degrees _ , 'degrees '
&, 'percent ' , 'feet/second' 'degrees ' 'feet 'I I

& , I lb's**2/ft , , If,el , /
DATA LABEL3

& / 'Blade section flap displacement ( feet ) '
& , 'Blade section flaF_wise slope ( feet/foot ) '
& , 'Blade section flap velocity ( feet/second )
& , 'BLade tension ( Lb )
& , 'Blade edgewise shear ( Lb ) .
& , 'Blade flapwise shear ( Lb )
& , 'Bladeflapwisemoment ( ft-Lbs )
& , 'Bladeedgewisemount ( ft-Lbs )
& , 'Bladetorsion ( ft-Lbs ) , /
DATA LABEL6

& / 'Blade flap-displacement expansion coefficients '
& , 'Blade flap_ise slope expansion coefficients ,
& , 'Blade flap-velocity expansion coefficients '
& , 'Bladetensionforce expansioncoefficients '
& , 'Bladeedgewiseshear expansion coefficients '
& , 'Blade flal_ise shear expansion coefficients '
& , 'Blade flapwise momentexpansion coefficients '
& , 'Blade edgewise moment expansion coefficients '
& , 'Blade torsional moment expansion coefficients ' /

DATA NrTS / 21 /

DATA TOOEGS / .TRUE. /

DATA TORADS / .FALSE. /

4000 FORMAT( /// 37)( , 'Analysis of Wind Turbine Blade Loads',
I _*_ '_*i .... ' ........ _' ......... _' IIII
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4100 FORMAT ( 3( 10X , A // ) )
4200 FORMAT ( 10X , A , ' Rotor'

& //// 7'i(, IRun Parameters,blade data and maohlnedata used in'
& ' this analysis: ' / )

4300 FORMAT ( 9X , 3( IX , A , F7.3 , IX , A , 5X , = ) // )
4400 FORMAT ( /// 9X , 4( IX , A , 13 , 12X ) / )
4500 FORMAT ( 'I' //// IX , A , 65X , A , A / )
4600 FORMAT ( ' Psi Tlme Phi Phi-D PhI-DD' , 38X , 'X / R l

& / IX , 131('-')
& / ' deg sec deg deg/s deg/s^2 .0 .1 i
& ,' .2 .3 .4 .5 .6'
& ' .7 .B .9 1.0'
& / IX , 131('") / )

4700 FORMAT( 14 , F6.2 , F6.1 , F7.2 , F7.2 , 3X , 11(IX , 1PGS.2E1))
4800 FORMAT ( // ' Average FlapwlseMoment = ' , F9.1

& i (ft-Lbs)at the 20_.station'/ )
5000 FORMAT ( 'I' ///// ' Mean Rotor Torque and Power for ' 2A // )
5100 FORMAT ( IOX , 'MeanRotor Torque =' , F13.2 , ' ft-Lbs'

& // IOX , 'MeanRotor Power =' , F13.2, ' KWt
& // 1OX , 'No. of Data Points =' , I13 )

5200 FORMAT (11' ///// IX, A, 65X, A, A/)

5300 FORMAT (69X, 'X / R ' / IX, 131(s")/ 131('")/
& 12X, '.0 .I .2 .3 .4'
&' .5 .6 .7 .8 .9'
&' I.'/

& IX, 131('")/131('.')/)

5400 FORMAT (IX, 'A',II,'=',3X,11(3X,1PG8.2E1))
5500 FORMAT (IX, 'B',II,'=',3X,11(3X,1PGS.ZE1))
5600 FORMAT (IX, 131('"))

Initializetorqueoount and sum.

NTORQS= 0
TRQSUM= 0.0

C Fill the IPSI array with PSI disk stationvalues. This sectlon
C of code is executedonly the first time this routineis called.

IF( NCALLS.EQ. 0 ) THEN

IPRNT1 = PRINTI*RAD2DG+ 0.001
NSTN = I
IPSIST = 0
IPSI(NSTN) = IPSIST

120 IF ( IPSIST .LT. 360 ) THEN

IPSIST = IPS]ST + IPRNT1
NSTN = NSTN+ I
IPSI(NSTN)= IPSIST

GOTO 120

ENDIF

ENDIF

IPSI(NSTN)= 360

C Initializethe 'timevalues in the RTIME array for the trim run.

IF ( ( NCALLS .EQ. 0 ) .OR. ( PHI_4P .EQ. 0.0 ) ) THEN

DO 200 I=I,NSTN
200 RTIME(1)= 0.0

ELSE

C Calculatethe time values around the di_k _tBtionsfor the
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C yaw runs,

RTIME(!) = 2*PI*( NCALLS- 1 )/OMEGA

DO210 IsT=2tNSTN
210 RTIME(IST) = RTIME(1) + IPSI(IST)/( RAD2DG*OMEQA)

i

ENDIF

C Initializeouter oomputationLoop used for going around the disk.

PROOD = O.5*RHOAIR*CSUBMA

DO370 IST=I,NSTN

C Co_¢_utethe PHI values at this disk azlmuth.

TIMNOW = RTIME(IST)

CALL NXTPHI(TIMNOW)

RPHI(IST,O)= PHI(O)
RPHI(IST,I)= PHI(1)
RPHI(IST,2)= PHI(2)

C Compute oonstants used in computing the shear and moment
c and tension values.

OHGASQ= OMEGA**2
Psi(l) = IPSI(IST)/RAD2DG
CPSl = COS(PSI(1) )
SPSI = SIN(PSI(1) )
NOWPSl = IPSI(IST)

TEETER(IST)= SNEW(I,0,NOI_PBI)/(BLTIP+HUBRAD)
THETAC= THETAP+ TEETER(IST)*SDELT5
CTHC= COS(THETAC)
STHC= SIN(THETAC)

FACTR1= OtIGASQ*BETAO+
& 2*OMEGAWCPSIWpHI(1)+ SPSIWpHI(2)

COEF2 = GRAV*( -CHI*CTHC+ STHCWSPSI+ BETAOWCTHC*CPSI)
COEF3 = GRAV*( CHI*STHC+ CTHC*SPSI- BETAOWSTHCWCPSI)
COEF5 = GRAVWCPSI
COEFB = GRAV*SPSI*STHC

COEFI = 2.0*OHEGA*STHC
COEF4 = OMGASQWSTHP*CTHC
COEF6 = OMGASQ*CTHP*CTHC
COEF7 = OMGASQ*STHP*STHC

C Fill the V arrays.

C V = RESLTS( , ,1)
C V-PRIME = RESLTS( i ,2)
C V'DOT = RESLTS(, ,3)

DO305 IPT=I,NPTS
VI(O,IPT) = O.
VI(I,IPT) = O.

305 CONTINUE

DO 308 IPT = I,NPTS

VI(O,IPT)= VI(O,IPT)+ SHAPE(I,0,1PT)*

& SNEW(I,0,NOWPSI)*CTHP
VI(IeIPT)= VI(I,IPT)+ SHAPE(I,0,1PT)*

& SNEW(I,I,NOWPSI)*CTHP
308 CONTINUE

DO310 IPT=I,NPTB

RESLTS(IST,IPT,1) = 0.0
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RESLTS(IST,IPT,2) = 0.0
RESLTS(IST,IPT,3) = 0.0

DO300 NSHP=I,NSHAPS

IF(NSHP .BQ. 1) THEN
RESLTS(IST,IPT,1) = RESLTS(IST,IPT,1)

& + SHAPE(NSHP,O,IPT)*SNEW(NSHP_O,NOWPSI)*CTHP

RESLTS(IST,IPT,2) = RBSLTS(IST,IPTs2)
& + SHAPE(NSHPtl,IPT)WSNEW(NSHP,O,NOWPSI)WCTHP

RESLTS(IST,IPT,3) = RESLTS(IST,IPT,3}
& + SHAPE(NSHP,O,IPT)WSNEW(NSHP,1,NOWPSI)*CTHP

ELSE

RESLTS(IST,IPT,I> = RESLTS(IST,IPT,1)
& + SHAPE(NSHP,O,IPT>*SNEW(NSHP,OtNOWPSI)

RESLTS(IST,IPT,2) = RESLTS(ISToIPT,2)
& + SHAPE(NSHP,I,IPT)*SNEW(NSHP,O,NOWPSI)

RESLTO(IST,IPT,3) = RESLTS(IPT,IPT,5)
& + SHAPE(NSHP,O,IPT)%NEW(NSHP,1,NOWPSI)

ENDIF

500 CONTINUE

C 1he values for WEO,IPT) and W(1,1PT) are needed for the
C AEROand VRELroutines.

W(O, IPT) = RESLTS(IST,IPT,1)
W(1,1PT) = RESLTS(IST,IPT,3)

310 CONTINUE

C Compute the aerodynamic force components and the Qz _ompo-
c nent form integrals and save them for use in confuting the
C shears and moments.

C Compute loads on the teeter damper

IF(ABS(TEETER(IST)) .GE. BETA1) THEN
DAMCOF= CDAMP

ELSE
DAHCOF= O,

ENDIF
FDAMP(IST) = DAMCOF* SNEW(3,1,NOWPSI)/(HUBRAD+BLT|P)

BLDANG= PSI(l)

CALLAERO( NPTS , BLDANG)

C This section of code computes the rotor torque c_nponent
C that produces the turbine shaft torque, The torque is
C averaged over the dtsk to give average rotor torque for one
C rotor revolution. This does not use weighted values. All
C values have equal weight regardless of the azt_Jth spacing.
C Thus these resultswill only be accuratewhen PRINTIand
C PRINT2 have the same value.

STEP1 = BLTIP/( NPTS - 1 )

IF ( NOWPSI ,LT. 360 ) THEN

PO 320 I=I,NPTS
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RDIST = HUBRAD. STEP1*( I - 1 )
TC)_QFN(I)= RDIST*( DAETA(1)*CTHC. DAZETA(1)*STHC)

320 CONTINUE

TRQSUM= TRQSUM+ $IMPSN( 0 t BLTIP , NPTB s TORQFN)
NTORQ$= NTORQB+ 1

END IP

DO330 IPT=I,NPTS

DMSBAC = PROOD*CHORDCIPT)*WW(IPT)**2
QZFCNCIPT)= DHSBAC+ ESUBACCIPT)*DAZETA(IPT)

330 CONTINUE

bO 350 tPT=I,NPTS

PXAERO(1PT)= TRPZO0( IPT , BLTIP , DAETA, NPTS )
PYAERO(IPT) = TRPZO0( IPT , BLTIP , DAZETA_ NPTS)

C Compute the oonstants needed to ooo¢)ute tension
C and shear.

PRDCTO= 0.0
PRDCT1= 0.0
PRDCT2= 0.0

PROOCT(IPT)= 0_0

DO340 NSHP=I,NSHAPS

IF( NSHP .EQ. 1) THEN
PRDCTO= PRDCTO4 SNEW(NSHP,O,NOWPSI)*TCORLS(NSHP,

& IPT)*CTHP
PRDCT1= PRDCT1+ SNEW(NSHP,1,NCRJPSI)WTCORLS(NStIP,

& IpT)WCTHP
PRDCT2= PRDCT2+ SNEW(NSHP,2,NOWPSI)*TCORLS(NSHP,

& 1PT)WCTHP
PRODCT(IPT)= PRODCT(IPT)+SNEW(NSHP,O,NOWPS1)

& *CIFMOH(NSHP,IPT)*CTHP
ELSE

PRDCTD= PROCTO+ SNEW(NSHP,O,NOWP_I)*
& TCORLSENSHP,IPT)

PRDCTt= PRDCT1+ SNEW(NSHP,1,NOWPS[)*
& TCORLS(NSHP_IPT)

PRDCT2= PRDCT2+ SNEW(NSHP,2,NOWPSI)*
& TCORLS(NSHP,IPT)

PROI)CT(IPT) = PROOCT(IPT)+SNEW(NSHP,O,NOWPSI)
& *CIFMOM(NSHP,IPT)

ENDIF

340 CONTINUE

RESLTS(IST,IPT,4)= OMGASQ*TOMGA(IPT). COEFlWpRDCT1
& - COEFSWTGRAV(IPT)

RESLTS(IST,IPT,6)= PYAERO(IPT)- FACTRIWCTHCWTOMQA(IPT)
& + COEFT*PRDCTO- PRDCT2
& + COEF2*T6RAV(IPT)+ COEF4*OFFMAS(1PT)

RESLTS(IST,IPT,5)= PXAERO(IPT)+ FACTRI*STHC*TOHGA(IPT)
& + COEF4*PRDCTO+ COEF3*TQRAV(IPT)
& + COEF6*OFFMAS(IPT)

EDGEFN(IPT)= RESLTS(IST,IPT,5)
VXFCN (IPT)= EDGEFN(IPT)*RESLTS(IST,IPT,2)
TSNFCN(IPT)= RESLTS(IST,IPT,4)*RESLTS(IST,IPT,2)
FLAPFN(IPT)= RESLTS(IST,IPT,6)

350 CONTINUE

C Cu_pute the torsionand momentarray values for this
c azimuthposition.
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00 360 IPI'=I,NPTS

EINTGR= TRPZOD(IPT s BLTIP EDQBFN, NPTS)
SINTQR= TRPZO0( IPT , BLTIP VXFCN , NPTS)
TINTGR = TRPZO0( IPT 0 BLTIP TSNFCN, NPTS)
QZABRO= TRPZOD(IPT 0 BLTIP QZFCN _ NPTS)
FINTQR= TRPZO0( IPT a BLTIP FLAPFNs NPTS)
ECENQR= TRPZOD(]PT s BLTIP ECNTPN, NPTS)

RESLTS(IBT,IPT,7) = TINTGR - FINTQR+ COUFTWPROOCT(IPT)

RESLTS(IST,IPT,B) = EINTQR- OHGASQwECENGR
& - COEF4*PROOCT(IPT)+ COBFSWOFFMAB(IPT)

RESLTB(IST,IPT,9) = QZAERO- SINTGR+ COEF4WDELTIM(IPT)
& . CO_FSWOFFHAS(IPT)

360 CONTINUE

570 CONTINUE

TRQSUM= TRQSUMWNBLADS/NTORQS
POWER= TRQSUM*OMEGA*FPS2KW

C Print out the resulting values with a headtng on the first
c pass only. Convert values to degrees for the printout.

CALLCONVRT( TODEGS)

IF ( HOD( NCALLS_ NYAW+I) .EQ. 0 ) THEN

VALUE 1) = ALENTtl
VALUE 2) =ALPHAO
VALUE(3) =BETAO
VALUE( 45 = BLSHNK
VALUE( 55 = BLTIP
VALUEq6) = CHI
VALUE( 75 = CSUBHA
VALUEqB) = DRGFRM
VALUE_9) = EUERR
VALUE(lO) = HUBHT
VALUE(li) = HUBRAD
VALUE(12) = OMEGA
VALUE(135= PtlIAHP
VALUE(14) = PH%OHQ
VALUE(15) =PH]O
VALUE(16) = PSIZER
VALUE(17) = RHOAIR
VALUE(lE) = SHERXP
VALUE(19) = STEPM×
VALUE(20) = STEPMN
VALUE(21) = TSUBP
VALUE(22) = TSUBO
VALUE(23) _ THETAP
VALUE(24) = THETAT
VALUE(25) = TRMERR
VALUE(26) = VHUB
VALUE(27) = DELT3
VALUE(28) = UNDSLG
VALUE(29) = HUBMAS
VALUE(50) = HUBDIS

IVALUE(1) = KSHADW
IVALUE(2) = NBLADS
IVALUE(3) = NSHAPS
IVALUE(4)= NYAW

WRITE(4,4000)
WRITE (4,4100) TITLEI(I=LNIH(TITLEI))

& , TITLE2(I:I.NTIt(TITLE2))
& , T_TLE3(I:LNTH(TITLE3))

WRITE (4,4200) ITeeterlng_

DO 400 J=I,10
400 WRITE (4,43005 (LABELI(1), VALUE(1), LABEL2(1),1=J,3D,10)
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WRITE (4,4400) ( ILABEL(1), IVALUE(1), I=I,4 )

END I F

C ConvertValues back to radtans for use tn Internal
C calculations.

CALLCONVRT( TORADS)

C Thts section of code computes the glean flapwise moment at the
c ZO_ blade station for NPTS=21, l'fNPTSts changed, the second
C subscript of RESLTS( , ,7)IiWJst be changed also.

C Programmer hotel

c Chan_ed to what?

NTO'r = 0
AVEMOM= 0,0

DO 4'10 LL=I,NSTN-1

AVEMOH= AVEMOM+ RESLTS(LL,5,7)
NTOT = NTOT + I

410 CONTINUE

AVEMOM = AVEMOM/NTOT

C Form the proper chart headings and print out the nine charts
C of the resultsfrom this run.

IF ( NCALLS.EQ. 0 ) THEN

LABEL4 = 'Trim Solution
LABEL5= ' '

ELSE

LABEL4= 'Yaw Solution,Rev #'
WRITE (LABELS,l(12.2)')NCALLS

ENDIF

WRITE(4r*)' '
'PSI = (DEC.) I 'TEETER= (DEC.) 'WRITE(4,*)' ',

DO 450 II = I, NSTN
WRITE(4,*)IPSI(II),TEETER(II)*RAD2DQ

450 CONTINUE

WRITE(4,*)' '
WRITE(4,*)' ', 'PSI = ( DEG.)', 'TeeterDamper Loads (ft-lb)'
DO 460 II = I, NSTN

WRITE(4,*)IPSI(II),FDAMP(II)
46O CONTINUE

DO430 M=I,9

WRITE (4,4500) LABEL3(M) , LABEL4 , LABEL5
WRITE (4,4600)

DO 420 I=I,NSTN

RPO= RPH_(I,O)*RAD2DG
RPl = RPHI(I,I)*RAD2DG
RP2 = RPNICI,2)*RAD2DQ

WRITE (4,4700) IPSI(1), RTIME(1) , RPO , RPl a RP2
& , (RESLTS(I,J,M) , J=I,NPT$,2)

420 CONTINUE



C Print the average fLapwise moment at the 20_ blade station.

IF ( M .EQ. 7 ) WRITE (4,/_BO0)AVEMOM

430 CONTINUE

IF( NCALLS .EQ. O) THEN
PRINT *, ' '

500 PRINT *, 'Do you want to perform fourier analysis of,
PRINT *, 'any of the results data? < '

,, REAl)*, ANS1
PRINT *, ANS1
IF ( ANS1 .EQ. 'Y' .OR. ANS1 .EO. 'y' ) THEN

PRINT *, 'Read in the result data item# '
PRINT *, 'that you want ar_atyzed < '
PRINT *, ' '
PRINT *, 'I = flapwisedisplacement'
PRINT *, '2 = flap,wise slope'
PRINT *, '3 = flapwisesegmentvelocity'
PRIN; *, '4 = blade tension'
PRINT *, '5 = blade edgewise shear'
PRINT *, '6 = blade ftapwiseshear'
PRINT *, '7 = blade flapwisemoment'
PRINT *, '8 = blade edgewise mo_t _
PRINT *, '9 = blade torsionalmomentP
PRINT *, ' '
READ *, MITEM
PRINT *, MITEM
PRINT *, 'Read in the highestorder harmonicdesired< '
PRINT *, 'The highestorder possible is lOP < '
READ *, NHARM
PRINT *, NHARM

CALLSERIES( RESLTS, MITEM, NHARM,ACOF,BCOF, NSTN,
& IPSl, IPRNT1)

WRITE(4,5200) LABEL6(MITEM), LABEL4,LABEL5
WRITE(4,5300)

DO550 H = O,NHARM

WRITE(4,5400)H, (ACOF(H,J),J=IINPTSe2)
WRITE(4,5500)Hs (BCOF(H,J)IJ=I,NPTS,2)
WRITE(4,5600)

550 CONTINUE

TO 500
ELSEIF ( ANS1 .NE. 'Y' .AND. ANS1 ,NE, 'y') THEN

GOTO 600
ENDIF

C Whenali the results tables have been printed, print out the
C average rotor torque and power for this rotor revolution. This
C codes gives equal weight to each az;muth position regardless
C of the azinIJth spacing. Thus the power and torque values are
C only accurate when PRINT1 and PRINT2 are the same.

600 WRITE(4,5000) LABEL4 , LABEL5
WRITE (4,5100) TRQSUM , POWER , NToRQ$

CALL SHAFT(IPSI,IPRNTI,NSTN)
ENDIF

C Increment the number of ceils to this routinebefore

C returning.

NCALLS = NCALLS + I

RETURN
END

SUBROUTINENULT ( AMATRX , M , N )

=

C * *_

C * SubroutineMULT premultiptiesan incomingmatrix!by'the *
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C * inverse CMMASSmatrix. The inverse CMMASSmatrix is a *
C * square symmetric matrix of order 4. The incoming ma- *
C * trix can be of any size but must have exactly 4 rows. *
C * *

C **--***********************************--*****************

C * *
C * External references in this routine: *
C * *
C * none *
c * *
c --***--*********--**********************************

c ******************************************************
C * *
c * Named COMMONblocks used in this routine: *
C * *
C * INV - Holds the inverse of the mass matrix. *
C * *

C *****--*--*************--*******--*****************
C * *

C * Local and dummy variables used in this routine: *
C * *

t

C * AMATRX - The incoming matrix to be premuttiplied by *
C * the inverse CMMASSmatrix. *
C * I - Generic index. *
C * J - Generic index. *
C * K Generic index. *
C * M - Number of rows in the incoming matrix. *
C * N - Number of columns in the incoming matrix. *
C * TEMP - Temporary work matrix. *
C * *

REAL AMATRX (4,&)
REAL TEMP (4,4)

INTEGER I
INTEGER J
INTEGER K
INTEGER M
INTEGER N

INCLUDE 'C:INCLUDE\INV.INC'

C Multiply AINVR$ by AMATRX putting the result into TEMP.

DO 30 I=I,M

DO 20 J=I,N

TEMP(I,J) = 0.0

DO 10 K=I,M

10 TEMP(I,J) = TEMP(I,J) + AINVRS(I,K) * AMATRX(K,J)

20 CONTINUE

30 CONTINUE

C Move the resulting temporary matrix into the original
C incoming matrix.

DO 50 I=I,M

DO 40 J=I,N
40 AMATRX(I,J) = TEMP(I,J)

50 CORT!_UE
-

RETURN
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END
SUBROUTINE NXTPHI ( TIMNOW )

C
C ***************************************************************

C * *

C * Subroutine NXTPHI conMo¢Jtes the next values of the yaw *
C * variables. If this is a trim run, then the yaw varta- *
C * bles do not change. If this is a yawing run, then the *
C * yaw variables are computed based on the next value of *
C * the time variable. *
C * *
C * The basic yaw function used here is: *
C * *
C * Phi = Phi-sub-O + SIN( Omega-sub-Phi*Time ). *
C * *

C * The two derivatives with respect to time, Phi-dot and *
C * Phi-double..dot are derived in a straightforward manner *
C * via differentiation with respect to time. *
C * *

C * The indices of the PHI array correspond to the order of *
C * the derivative of Phi with respect to time.. *
C * *
C ***********************************************************

C **********************************--***********************

C * *
C * External references in this routine: *
C * *
C * none *
C * *
C ****************************--******************************

C ******--************************************************
C * *
C * Named COMMONblocks used in this routine: *
C * *

C * POSITN - Holds parameters related to blade position *
C * such as PHI, PSI, etc. *

C * TURBN Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * *

C **********************--********************************

C * *

C * Local and dummy variables used in this routine: *
C * *

C * OMPHIT - Phase angle of the sinusoidal yaw function. *
C * lt corresponds to the Omega-sub-Phi*T term *
C * of the formulation notes. The Ol_ega-suio-Phi *
C * component is the yaw velocity ani_litude *
C * divided by the yaw angle amplitude. *
C * SOMPHT - Sine of On_ga-sub-Phi*T. *
C * TIMNOW - Current time. TIMNOW is identically zero *
C * for the trim solution computation. *
C * *

REAL OMPHIT
REAL SOMPHT
REAL TIMNOW

INCLUDE 'C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\TURBN.INC'

C Check to see if this is time zero.

IF ( TIMNCY#.EQ. 0.0 ) THEN

C Set the Yaw function and it_ d_riv_tives f_r T!ME_O.
_

PHI(O) =PHIO
PHI(1) = PHIOMG
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PHI(2) = 0.0

ELSE

C Cc_npute the yaw function arid its derivatives for times
C greater than time zero,

OMPHIT = TIMNOW*PHIOMG/PHIAMP
SOMPHT = SIN( OMPHIT )
PHI(O) =PHIO + PHIAMP*SOMPHT
PHI(1) = PHIOMG*COS( OMPHIT )
PHI(2) = "PHIOMG*PHIOt4G*SOMPHT/PHIAMP

END IF

RETURN
END
SUBROUTINE NXTPSI ( IPSIST )

C *********_k*W***W*'k*WWWW_W**WWW_WW**WWWW**W*WWWWWW*WWWWW**WWWW**

C * *

C * Subroutine NXTPSI con_Jtes the next value of the azi- *
C * muth angle, Psi, based on the current value of the Eu- *
C * Let error and the previous delta-Psi value. If the er- *
c * rot is too Large, a snBller delta-Psi will be used to *
C * con_wJte the value of Psi, unless the delta-Psi' is al- *
C * ready at the STEPMN lower limit. Likewise, if the Eu- *
C * ler error is below a certain limit, the delta-Psi value *
C * is increased for the next Psi co,¢_Jtation. *
C * *

C * *
C * External references in this routine: *
C * *

C * none *
C * *

C ************************************************************

C *************************************************************

C * *
C * Named COMMONblocks used in this routine" *
C * *

C * CONST - Turbine and other constants used in Load *
C * ca lculat ions. *
C * LIMITC - HolcP_ values used in the LIMITS routine. *

C * POSITN - Holds parameters related to blade position *
C * such as PHI, PSI, etc. *
C * TURBN - Holds turbine, parameters such as number of *
C * blades, rotor speed, etc. *
C * *

C ***_**_*'k_ll_r*W_W'lW_* ******_***W*_** *_'*W***"RW_**WWWW** * *W_'W** * *W*

C * *

C * Local and dunm_yvariables used in this routine" *
C * *

C * IPSIST - The next STEPMX station in integer degrees. *
C * NEW - Array index for new data. *
C * OLD - Array index for old data. *
C * PSIST - The next STEPMX station in radians. *
C * *

REAL PSI ST

INTEGER I PSI ST
INTEGER NEW
INTEGER OLD

I NCLLIDE _C: I NCLUOE\CONST2.I NC

INCLUDE 'C: I NCLUDE\L IMI TC. INC'
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INCLUDE 'C:INCLUDE\POSITN.INC_

INCLUDE 'C:INCLUDE\TURBN,INC'

SAVE NEW
SAVE OLD

DATA NEW / 1 /
DATA OLD / 0 /

C Check the error', If it is too Large, decrease delta-Psi by
C 50_. If it is very small, increase delta-Psi by 50_,. The
C value of delta-Psi must always be greater than STEPHN,

IF ( ERROR.GT, EUERR) THEN

DELPSI(NEW)= AHAXI(O.5*DELPSI(NEW) , STEPMN)

ELSE IF ( ERROR.LT. 0.1*EUERR ) THEN

DELPSI(NEI_)= 1.5*DELPSI(NEW)

END I F

C This section of code checks the position of the new Psi against
C the next STEPNXstation. If the next Psi will go past the
C STEPMXstation, the delta-Psi is adjusted to bring the next Psi
C directly onto the STEPMXpoint. If the next Psi will fall just
C short of a STEPMXstation, the deLta-Ps_ is adjusted to assure
C that it will not be necessary to use a delta-Psi smaller than
C STEPMNto reach the next STEPHXstation on the next iteration.

c Programmernote:

C The following Logic can produce a delta-Psi that is Less
C than STEPMNfor two steps. It would then moveback within
C tolerances. This case comes up when we are within slightly
C Less than two STEPMNsof the next STEPMXstation. This
C algorithm cannot produce a delta-Psi that is Less than
C STEPMN/2. MLB

PSIST = IPSIST/RAD2DG

IF (PSI(OLD)+DELPSI(NEW) .GT. PSIST ) THEN

DELPSI(NEW)= PSIST - PSI(OLD)

ELSE IF ( PSI(OLD)+DELPSI(NEW)+STEPMN.GT. PSIST ) THEN

IF ((DELPSI(NEW) .NE. STEPMN) .OR. (ERROR.LE. EUERR) ) THEN

DELPSI(NEW)= 0.5*( PSIST - PSI(OLD) )

ENDI F

ENDI F

C Set new Psi and delta-Time.

PSI(NEW) = PSI(OLD)+ DELPSI(NEW)
DELTAT(NEW)= DELPSI(NEW)/OMEGA

C Get timevalues if we're workingon a yawing solution.

IF ( ITRIM.EQ. 0 ) TIME(NEW)= TIME(OLD)+ DELTAT(NEW)

RETURN
END
SUCROLITINERUN(NPTS , NEWSET, HAVRUN)

C _k, _ _'A' _ _ _ "k'_ 'k '* 'k'lk"_ 'k"CtW"k "k'* 'A"_ _ _V'k W'A",k'R 'lk"_ 'k _,_A'_ _ 'A"I__'A" _ "A'_ "k'-k"_ _'A"A,'k *'A'_ W*-R 'A'* * '* 'A'
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C * Subroutine RUNperforms the modeling of the rotor blade *
C * motion. The coefficients and data read in by subrou- *
C * tine DATAIN are used along with the run limit and run *
C * setup values input in subroutines LIMITS and SETUP, *
C * *
C * There are two basic steps to the run solution the *
C * trim solutionand the yawing solution. In the trim so- *
C * lution, the yaw position and yaw rate are kept at a *
C * fixed value, and the time is kept fixed at zero. The *
C * equations are solved for successive revolutions around *
C * the rotor disk until the tip displacementfunctionsno *
C * longer change significantly from one revolution to the *
C * next. This is the trim solution. Once the trim solu- *
c * lion is achieved, the trim solution is completed,with *
C * the yaw angle, yaw angular velocity and acceleration *
C * computed from a given function and the time elapsed *
C * _nce the start of the yaw solution. After each rotor *
c * _isk revolutionof the yaw solution,the loadsare cml- *
C * culatedand printedout. *
C * *

C **************************************************************

C * *
C * External referencesin this routine: *
C * *
C * CONVRT- Performs units conversions. *
C * DSKREV - Performs a full disk revolutionsolutionto *
c * the blade equationsof motion. *
C * GETFIL - Get the name of the resultsfile arm open *
C * it. *
C * LIMITS " Interactive input of run limits. *
C * LOOOUT- Calculates and prints blade loads. *
C * SETUP - Interactive modification of free variables. *
C * $1tAPES- Calculates the four coordinate shape func- *
C * tions. *
C * SOLVE - Calculates the inverse CMMASSmatrix for *
C * premultipling other coefficient matrices. *
C * TRMTST- Compares the results of two consecutive rc- *
C * tor revolutions. *
C * *

C **************************************************************

C * *

C * NamedCOMMONblocks used in this routine: *
C * *
C * CONST Turbine and other constants used in load *
C * calculations. *
C * LIMITC - Holds values used in the LIMITS routine. *
C * POSITN - Holds parameters related to blade position *
C * such as PHI, PSI, etc. *
C * SARAYS- Holds new and old values for the general- *
C * ized coordinates. *
C * TURBN Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * *

C *********--*******************************************

C * *

C * Local and dummyvariables used in this routine: *
C * *
C * ANS - Used to store input responsesfrom key- *
C * board. *
C * HAVRUN- Flag that indicates that the model has been *
C * run. Used for diagnostic runs. *
C * I - Genericindex. *
C * ITCNT The count of the numberof disk revolutions *
C * requiredto achievea trim solution. *
C * J - Generic index. *
C * NCALLS - Number of calls to LOOOUT. *
C * NEWSET - Flag to controlcalls to SOLVE. *
C * NPTS - Number of points along the blade used to *
C * performSi.._.¢_son'sintegr-_tionfor c__!cu!__t- *
C * ing the moments and forces at the blade *
C * root. (passedfrom STRAPI) *
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C * NSHP - Counter on DO loops for the coordinate *
C * shape function. *
c * RESFIL - Nameof file to which results are written. *
C * TODEGS- Flag used to tell CONVRT to convert efreeS *
C * variables to degrees, *
C * TORADS- Flag used to tell CONVRT to convert Sfree' *
C * variables to radians. *
c * *

INTEGER I
INTEGER IICNT
INTEGER J
INTEGER NCALLS
INTEGER NPTS
INTEGER NSHP

LOGICAL HAVRUN
LOGICAL NEWSET
LOGICAL TC_)EGS
LOGICAL TOR_J)S

CHARACTER*I ANS
CHARACTER*5O RESFIL

INCLUDE 'C:INCLUDE\CONST2.INC'

INCLUDE 'C:INCLUDE\LIMITC.INC'

INCLUDE 'C:INGLUDE\POBITN.INC'

INCLUDE IC:INCLUDE\SARAYB,INC'

INCLUDE 'C:INCLUDE\TURBN.INCt

SAVE RESFIL
SAVE TODEGS
SAVE I ORADS

DATA RESFIL / aRESULTS.DAT'/
DATA TODEGS / .TRUE. /
DATA TOP.ADS/ .FALSE. /

2000 FORMAT( A )
4000 FORMAT ( / ' The trim conditionis not satisfiedafter' , 13.2

& , rotor_
& _ ' revolutions. Shall we continue?(=Y,N) > ' )

4100 FORMAT ( '& 'Thetrim conditionwas not satisfied.')

4200 FORMAT ( / ' Trim test #' , 12.2 , s conI}leted.')
4300 FORMAT ( '& The trim conditionwas satisfied,')
6000 FORMAT ( / ' Do you want to do anotherrun with this data? (Y,=N)'

& ,'>')

C The n_in run Loop begins here. The interactive program se-
C quence starts.

100 CONTINUE

C
C Clear NCALLSwhich represents the nunW_erof calls to LOOOUT.
C lt is us_ to control printing of the title page. It is
C incremented in LOOOUTjust before returning.

NCALLS= 0

C Set up a run by first cattingthe SETUP and LIMITS routines.
C Temporarilyconvert the units of the 'free'variables to de-
C grees and RPMfor interactive use.

CALLCONVRT( TOOEGS)
CALLSETUP
CALLLIMITS

j CALL UONVRT ( TORADS)
l
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C Before starting the model run, check for potential error in the
c yaw function. A value of zero for PHIAMPin a yaw solution
C will cause the program to abort.

IF ( ( NYAW.GT. 0 ) .AND. ( PHIAMP.EQ. 0.0 ) ) THEN

PRINT * I i
PRINT , _Error tn input data. PHIAMPcannot be zero I

PRINT :, _for a yaw solution. PLease review the setup IPRINT , _and Limits values. _

GOTO 600

END IF

C On the first pass through the RUNroutine, invert the mass
C coefficientmatrix and prelmJltiplyall the coefficientma-
c tricesby the result. The is done just once per data set.

IF ( NEWSET) THEN

CALLSOLVE
NEWSET= .FALSE.

END IF

200 PRINT * I eI

PRINT *, _Are you ready to run the model? (=Y,N) >
READ2000, ANS
PRINT * ANSt

IF ( ( ANS .EQ. 'N' ) .OR. ( ANS .EQ. Inl ) ) RETURN

IF ( ( ANS .NE. ryi ) .AND. ( ANS .NE. tyl )
& .AND. ( ANS .NE. I I ) ) THEN

PRINT *, _ >>> Invalid response. Please try again. <<<r
GOTO 200

END IF

C Open the file that is to containthe results.

CALLGETFIL ( RESFIL )

C Zero the blade deflection,velocityand accelerationfor the
C start of the trim solution run.

DO 320 NSHP=I,NSHAPS
DO 310 I=0:2

DO 300 J=0,360

SNEW(NSHP,I,J)= 0.0
$OLD(NSHP,J) = 0.0

300 CONTINUE
310 CONTINUE
320 CONTINUE

C Start the trim run. When the ITRIMflag is set to 2, the first
C pass through DSKREVwill also execute the STRTUPstartup rou-
c tine. $TRTUPcomputes the static deflection of the blade at
c the 270 degree azimuth position, under the given wind condi-
C tions. This static deflection is used to start the actual mo-
C del run, and helps to assure rapid convergenceto the trim so-
c lution by removingmany of the startuptransients associated
C with beginningexecutionwithouta reatisticinitialblade tip
C deflection.

ITRIM = 2
PSI(1) = 270/RAD2DG
l'_,r"!P_ 'i, _,'Pl-l,-,u_!

_

ERROR = 0.0
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CALLDSKREV( NPTS)

ITRIM = 1

C Iteratefor the trim solution. Keep count of the rotor re-
C voluttons and give the user a chance to bail out eVery ten
C revolutions.

ITCNT = 0

400 IF ( ITRIM .EQ. 1 ) THEN

IF ( ITCNT .NE. 0 ) THEN

IF ( MO0( ITCNT , 10 ) .EQ. 0 ) THEN

PRINT 4000, ITCNT
READ 2000, ANS
PRINT *, AN$

IF ( ( ANS .EQ. INl ) .OR. ( ANS .EQ. in t ) ) THEN

PRINT *, ' '
PRINT *, 'STRAP terminated by user.'
PRINT *, I ,

STOP

END IF

ELSE

PRINT 4100

END IF

END ]F

C Initializethe azimuthangle and run anotherrevolution.
C Test the last set of solutions against this set for stabtl-
C ity. WhenTRMTSTis satisfied, ITRIM wilt be set to zero
C the loop will be terminated.

PSI(l) = 0.0

CALLDSKREV( NPTS)

%TCNT= ITCNT+ 1

CALLTRMTST( ITRIM )

PRINT 4200 c ITCNT

GO TO 400

END IF

C Trim solutioncompleted.

PRINT 4300

C Calculateresultsof the trim solution.

CALL LOOOUT ( NCALL$ )

C Initializethe yaw run loop by startingtime at zero. Run yaw
C solution NYAW times. Calculatethe loadsand print out the
C resultsafter each disk revolution.

IF ( NYAW .GT. 0 ) THEN

TIME(1)= 0.0
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DO500 i=I,NYAW

PSI(l) = 0.0

CALLDSKREV( NPTS )
CALLLOOOtlT( NCALLS)

500 CONTINUE

END IF

C Run complete,

600 PRINT 6000
READ 2000, ANS
PRINT *, ANS

IF ( ( ANS .EQ. _Y_ ) .OR. ( ANS.EQ. _y_ ) ) THEN

PRINT *, I i
PRINT *, IYou must not change the number of shapes, NSHAPStll_
PRINT *, i l

GOTO 100

ELSE IF ( ( ANS .NE. _N_ ) .AND. ( ANS .NE. en1 )
& .AND. ( ANS .NE. ' _ ) ) THEN

PRINT *, _ >>> Invalid response. Please try again. <<<_

GOTO 600

END IF

C Set the HAVRUNflag to true to enable diagnostic runs,

HAVRUN= .TRUE,

RETURN
END

SUBROUTINESAVE1( IPSIST , NSHAPS_ STEHP)

C ****************************************************************
C * *

C * SubroutineSAVEI makes a permanentcopy of the tip dis- *
C * placement variables at each STEPMX station around the *
C * rotor disk. These va(ues are used by the loads routine *
c * to calculate the blade loads based upon the tip dis- *
C * placements. Only the values corresponding to the spec- *
c * ified number of shape functions are saved. *
C * *

C **************************************************************

C ****************************************************************

C * *

C * External references in this routine: *
c * *
c * none *
C * *

C **************************************************************

C **************************************************************

C * *

C * Named COMMON blocksused in this routine: *
C * *

C * CONST - Turbine and other constants used in load *
c * calculations. *
C * LIMITC - Holds values used in the LIMITS routine. *
C * POSITN - Holds parameters related to blade position *
c * such as PHI, PSI, etc. *
C * SARAYS- Holds new and old values for the general- *
C * tzed coordinates. *
C * *
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C * *

C * Local and dummyvariables used tn this routine= *

C * IPSIST - The next STEPMXstation in integer degrees. *
C * NEW - Array index for new data. *
c * NSHAPS- Nu.t)er of blade shape functions, 4 maximum, *
C * NSHP - Counter on DO loops for the coordinate *
C * shape function, *
C * STEMP - Temporaryarray holding the tip dlsplaoe- *
C * men, values. The third dimension repre- *
C * sents the order of the time derivative, *
c * *
C ***************************************************************

REAL 5TEMP (4,0:I,0_2)

INTEGER IPBIBT
INTEGER NEW
INTEGER NSHAPS
IN1EGER NSHP

INCLUDE 'C:INCLUDE\CONST2.1NC_

INCLUDE 'C:INCLUDE\LiMITC.INC'

INCLUDE 'C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\SARAYS.INC'

SAVE NEW

DATA NEW / I /

C Hove the values stored in STEMPinto SNEW.

DO i0 NSHP=I,NSHAPS

SNEW(NSHP,O,IPSIST)= STEMP(NSHP,NEW,O)
SNEW(NSHP,I,IPSIST) = STEMP(NSHP,NEW,1)
SNEW(NSHP,2,1PSIST)= STEHP(NSHP,NEW,2)

10 CONTINUE

C Set the STEPMXstation pointer, IPSIST, for the next STEPMX
C locationon the rotordisk.

IPSIST = IPSIST + STEPMX*RAD2DG+ 0.001

RETURN
END
SUBROUTINESETUP

C ***************************************************************

C * *

C * Subroutine SETUP allows the user to interactively *
C * change the 'free' variabtes of STRAP. The 'free' vari- *
C * ables are those that do not affect the computation of *
c * the coefficient matrices or property arrays and which *
C * are not specificallymachinedependent. *
C * *
C ****************************************************************

C ***************************************************************

C * *

C * Exterret referencesin this routine: *
C * *

c * none *
C * *
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C * w
C * Named COMMONblooksusea ]n thie routine= *
C * *

C * BLADE _ Flold_ blade property values such as stiff- *
C * ne6s and mass distributions, *
C * CONST - Turbine and other oonstants used in load *
C * oaloulatlons, *
C * LITERL - Holds data set titles. *
C * TURBN - Holds turbine parameters suoh as number of *
c * blades, rotor _peed, eto. *
C * WIND - Holds wlnd shear and tower shadow paranle- *
C * tars. *
C * *
C ***************************************************************

C ***************************************************************
C * *

C * Local and dumy variablesused In this routlne_ *
c * *

c * ANS - Us(Hlto store responsesto questions. *
C * ]CASE - Numberof variable to be ohanged. *
C * *
C ***************************************************************

INTEGER ]CASE

CHARACTER*I ANS

INCLUDE eC:INCLUDE\BLADE2.1NC_

INCLUDE tCzINCLUDE\CONST2.INC_

]NCLUDE 'C:INCLUDE\LITERL,INC_

INCLUDE tC:INCLUDE\TRBINF.INC_

INCLUDE tC:INCLUDE\TURBN.INCt

INCLUDE _C:INCLUDE\WIND2.INC_

INCLUDE 'CIINCLUDE\HUBPRP2.INC0

INCLUDE 'C:INCLIlDE\SPRING2.INC_

1000 FORMAT( / 0 Current values for the _free _ variables: _
& // I 1 ALENI'H= I _ F10.4 , I feet i
& i 12 PHIAMP= I , F10.4 , i degreesl
& / I 2 ALPHAO= e , F10.4 , I degrees I
& _ 13 PHIOMG= _ , F10.4 , t degrees/sec t
& / I 3 BETAO = I , F10.4 t I degrees t
& _ 14 PSISHD= ' , FI0.4 , I degrees I
& / I 4 CHI = I , F10.4 t I degrees i
& I 15 PSIZER= I , F10.4 i I degrees I
& / I 5 GRAV = t , FI0.4 , i feet/sec^2 l
& ' 16 RHOAIR = I , FI0.4 , I Slugs/feet^3l
& / ' 6 HUBHT = ' , FI0.4 , I feet '
& I 17 SHERXP= _ , F10.4
& / ' 7 KBHADW= _ , 110 , 12X
& _ 18 THETAP= _ , F10.4 , _ degrees _
& / ' B NBLADS= ' , II0 , 12X
& ' 19 THETAT= ' , F10.4 , ' degrees_
& / _ 9 NSHAPS= _ , I10 , 12X
& ' 20 TSUBO = _ , FI0.4
& / _ 10 OMEGA = ' , FI0.4 , _ RPM '
& _ 21 TSUBP = ' , F10.4
& / ' 11 PHIO = ' , FI0.4 , ' degrees '
& ' 22 VHUB = ' , FI0.4 , ' feet/second _
& / ' 23 BETA] = _ , FI0.4 , _ degrees
& ' 24 BETA2 = _ , F10.4 , _ degrees '
& / _ 25 TIMINC = ' , F10.6 , _ sac '
& _ 26 NUHSCN= _ _ 110 )

2000 FORMAT( A )

C Print the v__l,-e_- of the free v__r!._ble__.
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'100 PRINT 1000 ALEINTH, PHIAMP
& ALPHAO, PHIOMQ
& BETAO , PSIBHD
& CHI i PSIZER
& QRAV t RIIOAIR

, & tIUBHT , SHERXP
& KBHADW, 'rHETAP
& NBLADS, THETAT
& NSHAPSt TSUBO
& OMEGA r TSUBP
& PHI0 t VHUB
& BETAI , BETA2
& TIMINC , NUMSCN

C ALLOWuser to ahange values of the Ifreel variables, Dtgplay
C values of all variables after earth change.

PRINT * , i i
200 PRINT *, IWouLdyou like to change any values? (YsmN) > s

READ 2000, ANt
PRINT *, ANt

IF ( ( ANS .EQ. 'Y_ ) .OR. ( ANB .EQo Sye ) ) THEN

210 PRINT *t eEnter the nLu_ber'of the variable you would like _
PRINT *, tta change (1.26) > s
READ *, ICASE
PRINT we 1CASE

GOTO (300,302,305,310,315,320,325,330i335,340,345
& ,350,355,360,36.5,370,375,380,38S,390,392,_9_
& ,400,402,403,404)ICA_E

PRINT *, ' >>> Invalid response. Please try agetn. <<<_
PRINT *, t t

GOTO 210

300 PRINT *, ._Enter new REALvalue for ALENTH> t
READ *, ALENTtl
PRINT *, ALENTH
GOTO 100

302 PRINT *, _Enter new REALvalue for ALPHAO> i
READ *t ALPHAO
PRINT '1 ALPHAO
GOTO 100

305 PRINT *, 'Enter new REALvalue for BETAO> t
READ '1 BETAD
PRINT '1 BETAO
GO TO I00

310 PRINT *, 'Enter new REALvalue for CHI > i
READ "i CHI
PRINT *, CHI
GO TO I00

315 PRINT *, IEnternew REALvalue for QRAV >
READ *, GRAV
PRINT *, GRAV
GOTO 100

520 PRINT *, IEnter new REALvalue for HUBHT> i
READ * t HUBHT

' PRINT *, HUBHT
GOI'0100

525 PRINT *, 'Enter new INTEGERvalue for KSHADW> t
READ *, KSHADW
PRINT *e KSHADW
GO TO t00

330 PRINT *, _Enter new INTEGERvalue for NBLADS> i
READ *, NSLADS
PRINT *, NBLADS
GOTO 100
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335 PRINT *, tenter new INTEQERvalue for NBHAPS> i
READ *, NSIIAPS
PRINT *, NSHAPS
GO1'0 100

340 PRINT *, 'Enter new REAL value for OMl_ > '
READ *, OME_
PRINT *, OME_
Qo TO 100

34_ PRINT *0 'Enter new REAr.va_ue for PI41D> i
READ *, PHIO

QoPRINTTo_0 PHIO

350 PRINT *, 'Enter new REALvalue for PHIAMP> '
READ ** PtIIAMP
PRINT *, PHIAMP
GOTO I00

]55 PRINT *, IEnter new REALvalue for PHIOMQ>
READ wt PHIOMG
PRINT *, PHIOMG
GO TO 100

360 PRINT *, 'Enter new REALvalue for PSI,ltD >
RE/_JJ*, PBI,HD
PRINT *, PSISHD
GOTO 100

365 PRINT *t _Enter new REAl. value for PSIZER > l
READ *, PSIZER
PRINT *, PBIZER
GO TO 100

370 PRINT*, 'Enternew REAL value for RHOAIR > '
READ *, RHOAIR
PRINT*, RHOAIR
GOTO 100

375 PRINT *, 'Enter new REALvalue for SHERXP>
READ *t $HERXP
PRINT *, SHERXP
GOTO 100

380 PRINT *, _Enter new REALvalue for THETAP> '
READ *t THETAP
PRINT *, TIIETAP
GOTO 100

385 PRINT *, 'Enter new REALvalue for TttETAT> t
READ *, THEIAT
PRINT *_ THETAT
GOTO 100

390 PRINT *_ °Enter new REALValUe for TSUBO> i
REAJ) *, TSUBO
PRINT *, TBUBO
GOTO 100

392 PRINT *, 'Enternew REAL value for TSUBP > '
READ *, TSUBP
PRINT *, TSUBP
GOTO 100

395 PRINT *, renternew REAL value for VHUB > e
READ *, VHUB
PRINT *, VHUB
GOTO 100

400 PRINT *, ' Enter new REALvalue for BETA'I>'
READ*, BETA1
PRINT *, BETA1
GOTO 100

402 PRINT * ' Enter new REALvalue for BETA2>'t

READ* BETA2t
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PRINT * BETA_#

GO TO 100

403 PRINT * ' Enter new REAL value for TIMINC>'I

READ * TIMINC

PRINT * TIMINCI

GO TO 100

404 PRINT * ' Enter new INTEGER value for NUMSCN>_I

READ * NUMSCNI

PRINT * NUMSCNI

GO TO 100

ELSE IF ( ( ANS ,NE. INI ) .ANl), ( ANS ,NE. Inl )
& ,ANl), (ANS ,NE. I I ) ) THEN

PRINT *, _ >>> Invalid response. PLease try again. <<<_
PRINT * i i1

GO TO ZOO

END I F

C Compute commonly used constants.

RR = BLTIP + HUBP.AD
ABAR = ALENTH/RR
RROMGA = RR*OMEGA*PI/30.O

RETURN

END

FUNCT_f_ SIMPSN ( LOWLIM , UPLIM , NPTS , FOFX )

C * *

j_ C * Function SIMPSN performs a composite Simpson's integra- *
C * tion of a given data set. This routine is identical to *
C * the SIMPSN routine used by COEFFS in Module 1. *
C * *

C * *
C * External references in this routine: *
C * *

C * none *
C * *

C * *
C * Named COMMONblocks used in this routine:: *
C * *
C * none *
C * *

{; * .
C * Local and clu_w variables used in this routine: *
C * *

C * FOFX - Array of data points to be integrated. *
C * They are treated as the value of a function *
C * evaluated at a specific point. *
C * H - SLd_interval size. *
C * I - Generic index. *

C * LOWLIM - Lower limit of integration. *

C * NPTS Number of points along the blade used to *
C * perform $impson's integr,_tion for calcutat- *
C * ing the moments and forces at the blade *
C = root. *

C * SIMPSN - Value of the integral from LOWLIM to UPLIM. *
C * UPLIH - Upper Limit of integration. *

---- C * *
--- C *_rw_r*_**_-W___r_trw**_
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REAL FOFX (21)
REAL H
REAL LOWLIM
REAL SIMPSN
REAL, UPLIM

INTEGER I
INTEGER NPTS ,',

C Compute the subinterval size and initialize the integral.

H = ( UPLIH - LOWLIH )/( NPTS- 1 )
SIMPSN = 0.0

C Add in the intermediate points. In the formulation, all even
C numbered points have coefficient of 4. In this case, the index
C must be shifted to form the proper coefficient.

DO 10 I=2,NPTS-1,2
10 SIMPSN = SIMPSN + 4.0*FOFX(1) + 2.0*FOFX(I+I)

SIMPSN = $IMPSN + FOFX(1) - FOFX(NPTS)

SIMPSN _ HwsINPSN/3.0

RETURN
END
SUBROUTINE SOLVE .

C * *

C * Subroutine SOLVE computes the inverse of coefficient *
c * matrix CMMASS and then premultiplies all the other co- *
C * efficient matrices by the inverse CMMASS matrix. The *
C * result of multiplying the inverse CMMASS matrix by the *
C * CMMASS matrix is printed on the screen for diagnostic *
C * purposes, lt should be very close to the Identity mat- *
C * rix. *
C * *

C _*IP_r'_A'*'_'_k_WW**'W **_WW**_*'*"*_*** WW**** *** W**'A'*_** * **_ _**
C * *
C * External references in this routine: *
C * *
C * INVERT - Provides an interface to the GAUSS routine. *

C * MULT - Premultiplies the incoming matrix by the *
C * inverse CMMASS matrix. *
C * *

C ** *_°r_ _ -" ";' - _"" " - - - ;' _ _ **"1_ *_t_'__l@**"_ *_t__* ****

C * *
C * Named COMMONblocks used in this routine: *
C * *
C * INV - Holds the inverse of the mass matrix. *
C * MATRX1 - Holds stiffness coefficient matrices. *
C * NATRX2 - Holds other matrices related to coriolis *
C * stiffening, gravity, etc. *
C * TURBN - Holds turbine parameters such as n_ber of *
C * blades, rotor speed, etc. *
C * *

C * *

C * Local and dummy variables used in this routine: *
C * *

C * J Generic index. *-

C * K - Germric index. *
C * TEMP - A temporary storage array used for matrix *
C * manipulation. *_

:=Jm

=
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C _

REAL TEMP (4,4)

INTEGER I
INTEGER J
INTEGER K

INCLUDE 'C:INCLUDE\INV.INC I

INCLUDE eC:INCLUDE\MATRXI.tNC I

INCLUDE 'C:INCLUDE\MATRX2.INC l

INCLUDE 'C:INCLUDE\TURBN.INC'

INCLUDE 'C:INCLUDE\SPRING2.1NC _

4000 FORMAT ( IX , 4F12.7 / )

C Invert the CMMASSmatrix.

CALL INVERT ( CMMASS , AINVRS , NSHAPS )

C Premultiply the other coefficient matrices by the inverse
C CMMASSmatrix.

CALL MULT ( CKBEND , NSHAPS , NSHAPS )
CALL _JLT ( CKTOMG, NSHAPS , NSHAPS )
CALL MULT( CKTGRV , NSHAPS , NSHAPS )
CALL MULT( CKQLO0 , NSHAPS , NSHAPS )

C The coefficient matri:(. CKTCRL must be separated into individual
C 2-dimensional matrice_ _or multiplication by the inverse CHMASS
c matrix. Then the individual matrices are recombined int_ the

C original 3-dimensional form.

DO 140 I=I,NSHAPS

DO 110 J=I,NS_APS

DO 100 K=J,NSHAP$

TEMP(J,K) = CKICRL(I,J,K)
TEMP(K,J) = C_CTCRL(I,K,J)

100 CONTINUE

110 CONTINUE

CALL HULT ( TEMP , NSHAPS , NSHAPS )

DO 130 J=I,NSHAPS

DO 120 K=J,NSHAP$

CKTCRL(I,J,K) = TEMP(J,K)
CKTCRL(I,K,J) = TEMP(K,J)

120 CONTINUE

130 CONTINUE

140 CONTINUE

C Load three of the 1-dimensional matrices into a single matrix
C of order 4 by 3 and premultiply it by the inverse CMMASS ma-
C trix. Then move the resulting columns back into the original
C vectors.

DO 200 J=I,NSHAPS

TEMP(J,I) = CMRIGD(J)
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TEMP(J,2) - CMBLNC(J)
TEMP(J,3) = CMGRAV(J)

200 CONTINUE

CALLRULT (TEMP , NSHAPS, 3 )

DO210 J=I,NSHAPS

CMRIGD(J)= TEMP(J,I)
CMBLNC(J)= TEMP(J,2)
CMGRAV(J)= TEMP(J,3)

210 CONTINUE

C Repeat the sameprocess for the special teetering vectors.

DO300 J=I,NSHAPS

TEMP(J,1) = CMRGDI(J)
TEMP(J,2) = CMGRVI(J)
TEMP(J,5) = CMHUBI(J)

300 CONTINUE

CALLMULT( TEMP, NSHAPS, 3 )

PO 510 J=I,NSHAP$

CMRGDI(J)= TEMP(J,1)
CMGRVI(J) = TEMP(J,2)
CMHUBI(J) = TEMP(J,3)

310 CONTINUE

DO330 J=I,NSHAPS

TEMP(J,1) = KOSTIF(J)
TEMP(J,2) = K1STIF(J)
TEMP(J,5) = K2SI'IF(J)
TEMP(J,4) = DAMP (J)

330 CONTINUE

CALLMULT( TEMPsNSHAPS,4)

DO340 J=I,NSHAPS

KOSTIF(J)= TEMP(J,1)
KISTIF(J)= TEMP(J,2)
K2STIF(J)= TEMP(J,3)
DAMP(J) = TEMP(J,4)

540 CONTINUE

C Premultipty the CMMASSmatrix by its i_verse and save for diag-
C nostic purposes. Print out the result.

CALLMULT ( CMMASS, NSHAPS, NSHAPS)

PRINT * , lI

PRINT *, 'Productof CMMASS premultipliedby its inverse:'
PRINT * ' 'J

DO 400 I=I,NSHAPS
400 PRINT 4000, (CMHASS(I,J) , J=I,NSHAPS)

C ClR4ASSis replacedby its inversefor use in the RUN routine
C in co_tin_ the solution for the aer.o_ic forces.

-

DO 500 I=I,NSHAPS

DO 510 J=ljNSHAPS
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510 CMMASS(I,J) = AINVRS(I,J)

500 CONTINUE

RETURN
END
SUBROUTINE STRTUP ( STEMP ,NPTS )

C **************************************************************
C * *

C * subroutine STRTUP computes the static deflection of the *
C * blade at the startup position (Psi=270). This is then *
C * used to compute further values based on an inltial de- *
C * flection. The initial static deflection is computed *
C * based on the blade azimuth and the static (instantane- *
C * ous) aerodynamic loads on the blade. *
C * *

C *********************************************************

C * *

C * External references in this routine: *
C * *
C * AFORCE - Calculates the value of the aerodynamic *
C * force integral. *
C * FORM1 - Calculates the values of the blade dis- *
c * placement ft_ction. *
C * INVERT - Provides an interface to the GAUSS routine. *

C * NXTPHI - Calculates the next values of the yaw vari- *
c * abtes. *
C * *

C **************************************************************

C * *

C * Named COMMON blocks used in this routine: *
C * *

C * AIRFRC - Holds values used in aerodynamic calcula- *
C * lions. *
C * CONST - Turbine and other constants used in load *
C * calculations. *
C * MATRX1 - Holds stiffness coefficient matrices. *
C * MATRX2 - Holds other matrices rela_ed to coriolis *

C * stiffening, gravity, etc. *
C * POSITN - Holds parameters related to blade position *
C * such as PHI, PSI, etc. *
C * SARAYS - Holds new and old values for the general- *
C * ized coordinates. *
C * START Holds initial blade deflection. *

C * TURBN - Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * *

C * *

C * Local and dummy variables used in this routine: *
C * *

C * BLDANG - BLade azimuth position used in the teeter- *
C * ing rotor option. *
C * FAEROI - Aerodynamic force on blade #I. *
C * FAERO2 - Aerodynamic force on blade #2. *
C * FSTAR - Complicated term. *
C * I - Generic index. *

C * IDENT The identity matrix. *
C * K - Generic index. *
C * KINVRS - Inverse of KSTAR matrix. *

C * KSTAR - Complicated term. *
C * L Get,eric index. *
C * M - Generic index. *

C * NrTS - Number of points along the blade used to *
C * perform Simpson's integration for calculat- *
C * ing the momenss and ¢orces at the blade *
C * root. (passed from STRAPI) *
C * OMGSQR- Omega^2. *
C * STEMP - Temporary array holding the tip displace- *

-
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C * merit values. The third dimension repre- *
C * sents the order of the time derivative. *
C * TIMNOW - Current time, *
C * *
C ************************************************************

REAL BLDANG
REAL CPSI
REAL $PSI
REAL C1
REAL C7 /
REAL FAER01 (4) t
REAL FAER02 (4) i ,,
REAL FAEROT (4) /_
REAL FSTAR (4) /, ,
REAL KINVRS (4,4)
REAL KSTAR (4,4)
REAL $TEMP (4,0:1,0:2)
REAL TIMNOW

INTEGER I
INTEGER K
INTEGER L
INTEGER M
INTEGER NPTS

INgLUDE _C:INCLUDE\AIRFRC.INC'

INCLUDE 'C:INCLUDE\CONST2.INC'

INCLUDE 'C:INCLUDE\MATRXI.INC'

INCLUDE 'C:INCLUDE\MATRX2.INC'

,INCLUDE 'C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\SARAYS.INC'

INCLUDE 'C:INCLUDE\START.INC'

INCLUDE 'C:INCLUDE\TURBN.INC'

INCLUDE 'C:INCLUDE\FORMS.INC °

CHARACTER*2 ANS

CPSI = COS(PSI(I))
SPSI = SIN(PSI(1))
CTHP = COS(THETAP)
STHP = SIN(THETAP)
C1 = OMEGA*OMEGA*BETAO
C7 = OMEGA*Ot4EGA
C10 = CTHP*BETAO*(CPSI+TDELT3wSPSI)

PRINT * ' '
,a i

PRINT , ' Do you want to input your own values for the' _
PRINT *, ' initial mc_daldeflections, or do you want'
PRINT *, ' SUBROUTINE SfRTUP to calculate values for you?'
PRINT * ' '#

PRINT *, ' If you want to input your own then input a "Y"'
PRINT *, ' or a "y", If you want SUB STRTUP to do it'

PRINT *, ' irc_Jtan °°N"or an "n" > '
READ * ANS¢

PRINT * ANS#

IF( ANS .EQ. 'N' .OR. ANS .EQ. 'n') THEN

C Initialize some arrays.

DO 120 M=I,NSHAPS

DO 100 I=0¢2

STEMP(M,O,I) = 0.0
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STEMP(M,I,I) = 0.0

100 CONTINUE

120 CONTINUE

C Compute the FAERO values for use in calculating the FSTAR
C values. These are actually FAERO multiplied by the inverse
C CMMASS matrix.

TIMNO_ = TIME(1)

CALL NXTPHI ( TIMNOW )

BLDANG= PSI(l) + PI

CALL FORM1 ( STEMP , NPTS : f_SHAPS, BLDANG )

THETAC = TltETAP + BETAWSDELT3
STHP = $1N(THETAC)
CTHP = COS(THETAC)
TTHP = TAN(THETAC)

CALL AFORCE ( NPTS , BLDANG )

DO 200 M=I,NSHAPS
200 FAERO2(M) = FAERO(M)

BLDANG = PSI(l)

CALL FORM1 ( STEMP , NPTS , NSHAPS , BLDANG )

THETAC = THETAP + BETA*SDELT3
$THP = SINETHETAC)
CTHP = COS(THETAC)
TTHP = TAN(THETAC)

CALL AFORCE ( NPTS , BLDANG )

DO 210 M=I,NSHAPS
210 FAEROI(M) = FAERO(M)

DO 220 M=I,NSHAPR
220 FAEROT(M)= 0.5"(FAEROI(M) + FAERO2(M)*(-1)**M )

!

C Compute the FSTAR values.

=

FSTAR(1) = GRAV*CIO*CMGRVI(1)
C + FAEROT( I )

DO 300 M=E,NSHAPS

FSTAR(M) = FAEROT(M)
& - CTHP*0.1*(CI*CMRIGD(M))

300 CONT] NUE

C Compute the KSTAR values.

DO 410 M=I,NSHAPS

DO 400 K=I,NSHAPS
400 KSTAR(M,K) = CKBEND(M,K) + C'_.'CKTONG(M,K)

410 CONTINUE

C Invert the KSTAR matrix.

CALL INVERT ( KSTAR , KINVRS , NSHAPS )

z

C Compute SEK) = S(L) = ( KSTAR - INVERSE(L,M) )*FSTAR(M).
-
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DO 510 L=I,NSHAPS

SO(L) = 0.0

DO500 M=I,NSHAPS
500 SO(L) = SO(L) + KINVRS(L,M)*FSTAR(M)

510 CONTINUE

SO(l) = -.8
SO(3) = -.1

PRINT *, _Calculated values of SO:t
PRINT *, iSO(l) = l, S0(1)
PRINT *, ISOC2) = ', S0(2)
PRINT *, 'S0(3) = ', S0(3)
PRINT *, 'S0(4)= ', SO(4)

ELSE

IF( NSHAP-S.EQ. I) THEN
PRINT *, _Read in S0(1) ( _Jst be nonzerol) <
READ*, $0(1)
PRINT *, S0(1)
SO(Z) = O.
SO(3) = O.
SO(4) = O.

ELSEIF(NSHAPS .EQ. 2) THEN
PRINT *, 'Read in $0(I) and $0(2) < '
PRINT *, ' (all must be nonzero)'
READ*, S0(1), SO(2)
PRINT *, S0(I)
PRINT *, SO(2)
SO(3) = O.
SO(4) = O.

ELSEIF( NSHAPS.EQ. 3) THEN
PRINT *, _Read in $0(I), $0(2), AND$0(3) < '
PRINT *, _ (all must be nonzero)'
READ*, $0(I), S0(2), $0(3)
PRINT *, S0(I)
PRINT *, S0(2)
PRINT *, $0(3)
SO(4) = O.

ELSEIF ( NSHAPS.EQ. 4) THEN
PRINT *, 'Read in S0(1), SO(2), $0(3), ANDSO(&) < t
PRINT *, ' ( ai[ must be nonzero)_
READ *, S0(I), SO(2), SO(3),$0(4)
PRINT *, ,RO(1)
PRINT *, l_O(2)
PRINT *, S0(3)
PRINT *, S0(4)

ENDIF

ENDIF

C Load the resultingstatic deflectionvalues into the appropriate
C tip data array and set all other valuesto zero.

DO 610 K=I,NSHAPS

DO600 I=0,I

$TEMP(K,I,O)= SO(K)
STEMP(K,I,I)= 0.0
STEMP(K,I,2)= O.O

600 CONTINUE

610 CONTINUE

RETURN
' END
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C ************W*****WW***WWW*WWWW********************************

C * *
C * _ubrouttne TRACEprints out the values of certain vart- *
C * ables at each printout interval around the disk. The *
C * printout includes the current values of DELPSI, the *
C * blade tip acceleration, velocity and deflection, the *
c * error value and the values of the relattve fluid ve[oc- *
C * try in the edgewise and flapwtse dtre¢ttor_s. Thts is *
C * done for each STEPHX station and is part of the diag- *
c * nostic features of the code. It is controlled by the *
C * TRACEFflag set in the subroutine LIMITS. *
C * *
C ***************************************************************

C ***************************************************************

C * *
C * External references in this routine= *
C * *

C * none *
C * *
C ************************************************************

C *******************--*****************************************
C * *
C * NamedCOMMONblocks used in this routine= *
c * *
c * AIRFRC - Holds values used in aerodynamic calcula- *
C * tions. *
C * CONST - Turbine and other constants used in load *
C * calculations. *
C * POS[TN - Holds parameters related to blade position *
c * such as PHI, PSI, etc. *
C * TURBN Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * VREL1 - Holds blade section velocity components. *
C * *

C ***_******_********_*_**********W****************************

C ***************************************************************

C * *

C * Local and dummy variables used in this routine: *
C * *

C * JCALLS - Print counter. *
C * K - Genericirclex. *
C * NEW - Array index for new data. *
C * NPTS - Number of points along the blade used to *
C * perform Simpson's integration for calculat- *
C * ing the mo¢nents and forces at the blade *
C * root. (passed from STRAP1) *
C * STEMP - Temporaryarray holding the tip displace- *
C * ment values. The third dimension repre- *
C • sents the order of the time derivative, *
C * X - Psi in degrees. *
C * XX - DeltaPsi in degrees, *
C * *

C ****_****_*W*W******W**_*WW*****W****WWW*****************_*****

REAL STEMP (4,0:1,0:2)
REAL X
REAL XX
REAL STO
REAL ST1
REAL ST2

INTEGER JCALLS
INTEGER K
INTEGER NEW
INTEGER NPTS

INCLUDE tC:INCLUDE\BI.ADE2.INC'

INCLUDE 'C:INCLUDE\AIRFRC.INC'

INCLUDE 'C:INCLUDE\CONSI2.INC'

INCLUDE 'C_!NCLUDE\POS!TH.!HC'
z

INCLUDE IC:INCLUDE\TURBN.INC'
-
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INCLUDE _C=INCLUDE\VRELI.INCj

SAVE JCALLS
SAVE NEW

DATA JCALLS / -1 /
DATA NEW / I /

1000 FORMAT(/ i Psl d-Psi Accel VelocltyDeflect Error '
& J FAero VEla-TipVZeta-Tip',i Alpha', / )

1100 FORMAT(FS.0 , F6.2 , 2FI0.3 , F8.3 , F11.6 , FI0.3 , 2F9.3,
& F9.4 )

C Get Psi and delta-psl in degrees.

X = PSI(1)*RAD2DG
×X = DELPSI(1)*RAD2DG

C JCALLS is used to print column headings every ten lines.

JCALLS= JCALLS. 1

IF ( HOD( JCALLS , 10 ) .EQ. O ) WRITE (4,1000)

ST2 = STEMPtl,NEW,2)*CDELTS*CTHP
ST1 = STEMP(1,NEW,1)*CDELT3*CTHP
STO = STEMP(1,NEW,O)*CDELTS*CTHP

ALPHA = ATAN(VZETA(NPTS)/VETA(NPTS))'THETAO(NPTS)

DO IDD K=I,NSHAPS

IF( K .EQ. I ) THEN

WRITE(4,1100)X , XX, ST2, STI, STO, ERROR, FAERO(K),
& VETA(NPTS),VZETA(NPTS),ALPHA

ELSE
WRITE (4,1100) X , XX , STEMP(K,NEW,2), STEMP(K,NEW,I)

& , STEMP(K,NEW,O), ERROR , FAERO(K) , VETA(NPTS)
& , VZETA(NPTS),ALPHA

ENDIF
100 CONTINUE

RETURN
END

SUBROUTINETRMTST ( ITRIM )

C * *
C *' Subroutine TRMTSTcompares the results of two consecu- *
C * live rotor revolutions. The trim error condition is *
c * satisfied if the value of QUANT2 times the trim error *
C * fraction is less than the QUANT1value. If any one az- *
C * imuth location fails the trim test criterion, control *
c * is returned to the callingroutine and anotherdisk *
C * revolution is performed. If all the STEPMXstations *
C * pass the test, then the trim solutionexists and the *
C * loads are computed. *
C * *

C *************************************************************
C * *
C * External referencesin this routine: *
C * *
c * none *
c * *

_
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C * *
C * NamedCOHHONblocks used in thts routtne= *
c * *
c * CONST - Turbine and other constants used in Load *
C * calculations. *
C * LIMITC - Holds values used in the LIMITS routine. *
C * SARAYS- Holds new and old values for the general- *
c * ]zed coordinates. *
C * START - Holds tntttal blade deflection. *
C * TURBN - Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
0 * *
C ***************************************************************

C ***************************************************************

C * *

C * Local and dummyvariables used in this routine= *
C * *

C * I Generic indeX. *
C * ISTPMX - STEPMXintegertzed. *
C * ITRIM - Flag that Indicatesthat the trim solution *
C * has been completed when set to O, *
C * NSRr - Counter on DO Loops for the coordinate *
C * shape function. *
C * QUANT1-Thts contains the sum of the differences *
c * between the blade tip deflections computed *
c * for this rotor revolution and the last tev- *
c * olution. This summation is also over the *
C * coordinate shapes used in this run. *
c * QUANT2- This contains the sum of the blade tip de- *
C * flecttons computed by subroutine STRTUPfor *
C * the static blade deflection of each coordt- *
c * hate function used in this run, *
c * *
C ***************************************************************

REAL QUANTI
REAL QUANT2

INTEGER I
INTEGER ISTPMX
INTEGER ITRIH
INTEGER NSHP

INCLUDE 'C:INCLUDE\CONST2.1NC_

INCLUDE 'C:INCLUDE\LIMITC.INC'

INCLUDE 'C:INCLUDE\BARAYB.INC'

INCLUDE 'C:]NCLUDEkSTART.INC'

INCLUDE 'C:INCLUDE\TURBN.INC_

C Integerize the STEPMXinterval.

ISTPMX= RAD2DG*STEPMX+ 0.001

C Compute the sum of the tip deflectionsthat were computed in
C subroutineSTRTUP.

QUANT2 = 0.0

DO 100 NSHP=I,NSHAPS
100 QUANT2 = QUANT2 + SO(NSHP)

QUANT2= ABS( QUANT2 )

C Check each STEPMXstation around the disk.

DO210 I=ISTPMX,3ED, ISTPMX

_ QUANT1= 0.0
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C Compute the sum of the differences betWeen rtp deflections
C for this rotorrevolutionand the last,

DO 200 NSHPmltNSHAPS
200 QUANTI = QUANTI + $NEW(NSHP,O,I)- BOLD(NSHP,I)

C , Comparethe trim error fractionto the currentdeflection
C differences, If any station fails the test, return for
C anotherrevolution.

if( ABS( QUANTI ) .QT. ( O.01*QUANT2*TRMERR) ) RETURN

210 CONTINUE

C Ali stations satisfiedthe trim error criterion. The trim solution
C is new complete, Set the ITRIM flag to zero to signal it. Loads
C can now be computedand the yaw run started.

ITRiM= 0

RETURN
END

FUNCTIONTRPZOD ( LOWLIM , BLTIP , FOF , NPTS )

C ***************************************************************
C * *
C * Function TRPZOOperforms composite trapezoidal tntegra- *
C * lion on a set of data points transmitted from the *
C * calling routine. For derivation of the formula and *
C * limitations, see Carnahan, p. 78 (see full reference in *
C * comments for function SIMPSN). For computational effi- *
C * ciency, the intervalwidth is not used in the formula- *
c * tion until the end when it is multipliedby the sum. *
C * *

C * This functionis similar to function TRAP in Module I *
C * of the STRAPcode, *
C * *
C ***************************************************************

C ***************************************************************

C * *

C * External referencesin this routine: *
C * *
C * none *
C * *

C *************************************************************

C ************************************************************

C * *

C * Named COMMONblocks used in this routine: *
C * *

C * none *
C * *

C **************************************************************

C ***************************************************************

C * Local and dummy variablesused in this routine: *
C * *

c l* BLTIP - Blade length. Ali integrationsusing this *
c * functionare performed from the tower limit *
C * indexedby LOWLIM to the upper LimitBLTIP. *
C * FOF - Array of data points to be integrated.They *
C * are treated by this function as the value *
C * of a function evaluated at specific points. *
C * H Subintervallength given by H=(B-A)/N. *
C * I - Index into the FOF array. *
C * LOWLIM - Indexof the Lower integrationtimlt. The *
C * blade position indexedby LO_LIM is given *
C * by BLTIP*(LOWLIM-I)/(NPTS-I). *
C * NPTS - NLm_}er of point_ _long lh, b_Bde ,js_ to *
C * perform$impson's integrationfor calculat- *
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C * ing the moments and forces at tile blade *
c * root;. (passed from STRAP1) *
c * TRPZOD- ValUe of the integral fro_t the blede post- *
C * tton indexed by LOWLIMto BLTIP, *
C * *
C ***************************************************************

REAL BLTIP
REAL FO_ (201)
REAL H
REAL TRPZO0

INTEGBR !
INTEGER LoWLIM
INTEQER NPTS

C check to see if the Lower and upper Ltmtts of integration are
C the same, If so, the tntegral is zero,

IF ( LOWLIHcEQ. NPTS) THEN

TRPZOD= 0,0
RETURN

ENDIF

C Compute the distance between data points.

H = BLTIP/( NPTS - 1 )

C Initializeintegralto the oontrlbutionof the end points.

TRPZOD= 0.5*(FOF(LOWLIM) + FOF(NPTS) )

C If thereare only two data points,then we are done.

IF ( LOWLIM+I.EQ. NPTS) GO TO 20

C Add in the contributionof the intermediatepoints.

DO 10 I=LOWLIM+I,NPTS'I
10 TRPZOD= TRPZO0+ FOF(I)

C Multiply by the intervalwidth and return.

20 TRPZO0 = H*TRPZOD

RETURN
ENb
SUBROUTINEVREL ( INBORD, NPTS , BLDANG)

C **WWWW*WW_WW_WWWWWW,WWWWWWW-kWWW_WWW*WWWW*WWW****WWW,_W*********

C * *

C * Subroutine VREL co_N_utesthe relative velocity compo- *
c * nents for each of the blade stations. These values are *
C * needed to ccmi>ute the aerodynamic forces. *
C * *

C * *

C * External referencesin this routine: *
C * *

C * INDUCD- Calculates lhc induced velocities along the *
C * blade. *
C * WINDVL- Col_puteswind velocity Components. *
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C * *
C * Named COMMON blocksused in this routlne= *
c * *

C * BLADE - Holds blade property values such as stiff- *
C * hess and mass di_trlbutions. *
C * CONST - Turbine and other constants used in Load *
C * calculations, *
C * DELTV - Holds turbine inputs for possible future *
C * use. Nut currentlyused. *
C * FORMS Holds blade deflections, *
C * POSITN - Holds parameters related to blade position *
C * such as PH[, PSI, etc, *
C * TURBN - Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * VINDUC - Holds induced velocity oon_oonents. *
c * VREL1 - Holds blade seotton velocity conponents, *
C * _NDVEL - Holds values used in wtnd shear and tower *
C * shadow computations, *
c * *
C ***************************************************************

C * *
C * Local and dummyvariables used in this routine: *
C * *
C * BLDANG- Blade azin_th position used in the teeter- *
C * Ing rotoroption, *
C * CPS! - Cosine of the blade angle. *
C * Z - Generic index. *
C * INBORD- The number of blade stations that are not *
C * on the airfoil section. INBORDis used in *
c * other routines to differentiate between *
C * sections of the b_ade with and without an *
C * airfoilsection. *
C * NPTS - Number of points along the blade used to *
C * performSimpson'sintegrationfor oalculat- *
C * ing the moments and forces at the blade *
C * root. (passed from STRAP1) *
C * PHIDBR - Temporary storage. *
C * PHIDCT - Temporary storage. *
C * PHIDST - Temporary storage. *
C * QUANTI - T_nporarystorage, *
C * QUANT2 - Temporarystorage. *
C * QUANT3 - Temporarystorage. *
C * QUANT4 - Temporarystorage. *
C * R - Distance from hub axis. *
c * RC)MEGA- Temporary storage. *
C * SPS] - Sine of the blade angle. *
C * SPSI2 - Temporary storage. *
C * SPSI3 * Temporary storage. *
C * STEP - Distance between points along the blade. *
C * X - The radial locationalong the blade (nondi- *
C * mensional), *
C * Z .. Blade station pointer. Z goes from zero to *
C * the tip. *
C * *
C ***************************************************************

REAL BLDANG
REAL CPHI
REAL CPSI
REAL PHIDBR
REAL PHIDCT
REAL PHIDST
REAL QUANT1
REAL QUANT2
REAL QUANT3
REAL QUANT4
REAL R
REAL ROHEGA
REAl. SPH1
REAL SPSl
REAL STEP
REAL X
DDAI Z
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INTEGER I
INTEGER INBORD
INTEGER NPTS

INCLUDE 'C:INCLUDE\BLADE2.INC'

INCLUDE IC:INCLUDE\CONST2.1NC l

INCLUDE IC:INCLUDE\DELTV.INCI

INCLUDE sC:INCLUDE\FORMS.INCI

INCLUDE 'C:INCLUDE\POSITN.INCS

INCLUDE 'C:INCLUDE\TURBN.INC'
c ,

INCLUDE 'C:INCLUDE\VINDUC.INC'

INCLUDE 'C=INCLUDE\VRELI.INC'

INCLUDE 'C:INCLUDE\WNDVEL.INC'

C Compute the wind velocity components and then the induced
C velocity components,

CALL _INDVL ( NPTS , BLDANG )
CALL INDUCD ( INBORD , NPTS , BLDANG )

C Set up constants Lmed in this computation.

CPSI = COS( BLDANG )
SPSI = SIN( BLDANG )
CPHI = COS(PHI(O))
SPHI = SIN(PHI(O))
PHIDBR = PHI(1)/GMEGA
PHIDST = PHIDBR*STHP*SPSI
PHIDCT = PHIDBR*CTHP*SPSI
ROMEGA= 1.0/RROMGA
STEP = BLTIP/( NPTS - 1 )
Z = 0.0

C Compute the velocity components VEta and VZeta.

DO 100 I=I,NPTS

R = HUBRAD+ Z

C CLear the vetocity components on the nonaerodynamic portion
C of the blade.

IF ( I .LT. INBORD ) THEN

VETA(I) = 0.0
VZETA(I) = 0.0

ELSE

X = R/RR
VETA(I) = "X*CTHC

& + VI(1,I)*ROHEGA*STHP
VZETA(I)= "X*STHC " VE(1,I)*RONEGA

& " VI(1,I)*ROME_*CTHP

QUANTI = VINDR(1) + ROMEGA*(VI41ND(1) - HUBVEL )
& + ROMEGA*DELTVY(1) - DVIND(1)

QUANT2 = DELTVX(1)*ROHEGA*CPHI
& + SPHI*QUANT1

QUANT3 = PHIDBR*( ABAR + BETAO*X )
: QUANT4 = "DELTVZ(I)*ROMEGA

g + CHI*VINDR(1)*CPNI

VETA(1) = VETA(1) - _ANTI*STH_CPHI
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& + CPSI*( CTHP *( QUANT2 + QUANT3 )

& + PHIDBR*W(O,I)/RR )
& + SPSI*(QUANT4*CTHP) + DELTVX(1)*ROMEGA*SPHI*STHP
& + X*PHIDST

VZETA(I) = VZETA(1) . QUANTI*CTHC*CPHI
& + CPSI*(QUANT2 . QUANTS)*STHP
& + SPSI*QUANT4*$THP - XwpHIDCT
& - VINDR(I)*(WSLP(I)+CTHP*(BETAO
& + BETA*CDELT3))*SPHI*SPSI
& - DELTVX(I)*ROMEGA*CTHP*SPHI

C Convert the velocity components into dimensional form
C ' before returning to the calling routine. The VEta term
C is negated to account for the sign convention that pos-
C itive velocities are from the leading edge to the trail-
C ing edge.

VETA(1) = "VETA(1)*RROMGA
VZETA(1) = VZETA(1)*RROHGA

END IF

C Increment the location along the blade and make another pass.

Z = Z + STEP

100 CONTINUE

'RETURN
END

SUBROUTINEWINDVL ( NPTS , BLDANG )

C *_t._ _** _l_*Ik_t"l_*_k'_*** _"A.** *** *** * * * *** *** ** M_k"k_r_* * *_"A"k* ** ** * * *

C * *

C * Subroutine WINDVL computes the wind velocity components *
C * along the blade for a given time and azimuth position. *
C * Provision has been made to include a time dependent *
C * function for the hub velocity, but none is included *
C * now. Likewise, time dependent functions dettaX, deltaY *
C * and deltaZ can be included in the future in the section *
C * set aside for them here. They are now set to zero. *
C * *
C , . **_*_k****_k*******_**W*_**_k**_**"R*********_************* ***_'*Wr

C * *
C * External references in this routine: *
C * *
C * none *
C * *

C ****_k_t,_._t_t_t**_,_-A_t_,_**_-¢_*******_,_*****_*_**_*****_,_*

C * *

C * Named COMMONblocks used in this routine: *
C * *

C * BLADE - Holds blade property values such as stiff- *
C * ness and mass distributions. *
C * CONST - Turbine and other constants used in load *
C * calculations. *
C * DELTV - Holds turbine inputs for possible future *
C * use. Not currently used. *
C * POSITN - Holds parameters related to blade position *
C * such as PHI, PSI, etc. *
C * TURBN - Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * WIND - Holds wind shear and toner shadow parame- *
C * tera;. *
C * WNDVEL - Holds values used in wind shear" and tower *

C * shadow computat ions. *
C * *
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C * *,

C * Local and dummy variables used in this routine: *
C * *

C * BLDANG - BLade azimuth position used in the teeter- *
C * ing rotor option, *
C * HH - Hub radius divided by its height. *
C * I - Generic index. *
C * J - Generic index. *
C * NPTS - Number of points along the blade used to *
C * perform Simpson_s integration for calculat- *
C * ing the moments and forces at the blade *
C * root. *
C * P - Complicated term. *
C * R - Location of the current point along the *
C * blade, *

C * STEP - Distance between points along the blade. *
C * *

REAL BLDANG
REAL HH
REAL P
REAL R
REAL STEP

INTEGER I
INTEGER J
INTEGER NPTS

INCLUDE IC:INCLUDE\BLADE2.INC'

INCLUDE 'C:INCLUDE\CONST2.INC'

INCLUDE 'C:INCLUDE\DELTV.INC I

INCLUDE 'C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\TURBN.INC'

INCLUDE 'C:INCLUDE\WIND2.INC'

INCLUDE 'C:INCLUDE\WNDVEL.INC'

INCLUDE 'C:INCLUDE\TRB INF.INC'

C Compute the wind velocity at the hub. A time dependent function
C may be added in the future.

C IF( ITURB .EQ. 1) THEN
C HUBVEL = VHUB + VYNOt_H
C ELSE

HUBVEL = VHUB
C ENDIF

C Compute the wind shear components.

R = HUBRAD
STEP = BLTIP/( NrTS - 1 )

DO 110 I=I,NPTS

MH = R/HUBHT

WSHR(O,I) = 0.25*SHERXP*( SHERXP - 1.0 )*HH**2
WSHR(I,I) = SHERXP*RH

C WSHR(2, I) = O.
WSHR(2,1) = WSHR(O,I)
WSHR(3,I) = 0.0
WSHR(4,1) = 0.0
WSHR(5,1) = 0.0

R = R + STEP

WSHEAR(1) = WSHR(O,I)

DO 100 J=I,5
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100 WSHEARCI) = WSHEAR(1) + WSHRCJ,I)*COS( J*BLDANG )

110 CONTINUE

C Ccwnpute tower shadow effects. When blade #1 is close to 360
C degrees azimuth, th_ _econd blade must know that it is in the
C tower shadow.

IF ( ABS( BLDANG - PSISHD ) .LE. PSIZER ) THEN

P = KSHADW*PI/PSIZER
TSHM)W = TSUBO + TSUBP*COS( P*( BLDANG - PSISHD ) )

ELSE IF ( ABS( BLDANG - PSISHD - 2*PI ) .LE. PSIZER ) .THEN

P = KSHADW*PI/PS!ZER
TSHADW= TSUBO + TSUBP*COS( P*( BLDANG " PSISHD " 2*PI ) )

ELSE

TSHADW= 0.0

END IF

DO 200 I=I,NPTS
200 VWIND(1) = HUBVEL*( 1.0 + WSHEAR(1) - TSHADW )

C * *

C * This place is reserved for future time dependent functions. *
C * *

C Input the time dependent windspeed fluctuations if
C working on a turbulent analysis: ITURB .EQ. 1

R = HUBRAD/(HUBRAD+BLTIP)

STEP = (I.-R)/(NPTS-I)

C Flag for deciding if working on a turbulence analysis.

IF( ITURB .EQ. I ) THEN

C Work on blade #2 first.

IF( BLDANG .EQ. PSI(1)+PI) THEN

DO 500 I = 1,NPTS

C Linearly interpolate to get winclspeedvalues at
C interm_=diate blade radial stations.

IF(R .L,E.0.5) THEN
DELTVY(1)=(VYNOW2(1)-VYNOWH)*2.*R+VYNOWH

ELSE
DELTVY(1)=(VYNO_2(2)-VYNOW2(1))*2.*(R-.5)

& + VYN01_2(1)
ENDIF
R=R+STEP

500 CONTINUE

C Same procedure for blade #I.

ELSEIF ( BLDANG .EQ. PSI(1)) THEN

DO 600 I = I,NPTS

IF(R .LE. 0.5) TItEN
DELTVY( I )= (VYNO_I (1) -VYNOWH)*2.*R+VYNOWH

ELSE
DELTVY( I )= (VYNOW1(2) "VYNO_I ( 1) )'2.* (R" .5 )

& + VYNOWI(1)
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ENDIF
R=R+STEP

600 CONTINUE

ENDIF

ENDIF

RETURN
END

SUBROUTINESERIES(F,M,N,A,B,NST,IPS,IPR)
REAL F(361,21,9)
REAL A(O:I0,21)
REAL B(0:I0,21)
REALFACTOR
REALFI

INTEGERIPS(360)
INTEGERM
INTEGERN
INTEGERNST
INTEGERIPR

FACTOR= FLOAT(IPR)/180.

DO100 I = O,N

FI = FLOAT(1)

DO80 J = 1,21

SUMA2= O.
SUMB2= O.

DO75 IST = 2,NST"I
PSI = IPS(IST)* .017453293
SUMA2= SUMA2+ COS(FI*PSI)*F(IST,J,M)
SUMB2= SUMB2+ SIN(FI*PSI)*F(IST,J,M)

75 CONTINUE

PSll = O.
PSIN = 360.0*.017453293

SUMA = 2.*SUMA2+ COS(FI*PSII)*F(I,J,M)+
& COS(FI*PSlN)*F(NST,J,M)

SUMB = 2.*SUMB2+ SIN(FI*PSII)*F(I,J,M)+
g SIN(FI'PSIN)*F(NST,J,M)

IF( I °EQ. O) THEN
A( I, J) = O.25*FACTOR*SUMA
B(I,J) = 0.25*FACTOR*SUMB

ELSE
A(I,J) = 0.5*FACTOR*SUMA
B(I,J) = 0.5*FACTOR*SUMB

ENDI F

80 CONTI NUE
100 CONTINUE

RETURN
END

SUBROUTINETRBCLC(NPTS )

C Subroutine for calculation of turbulence. We will assume that
C turbulence is being modeled from rotationally sampled wind data
C as predictedfrom the VEERS Wind Simulationmodel.
C The file of data must contain6 columns( as evidenced 'inthe
C read statementbelow.
C The first column is blade azimuth angle, the second column
C is the windspeedfor blade #I at the 50% rotor radius station,
C the third column is the windspeedfor blade #I at the tip,
C the fourth column is the windspeedfor blade #2 at the 50%
C rotor radius location,the fourthcolumn is for blade #2 at
C the tip, and finally the fifthcolumn is the windspeed at the
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C center of the hub.

C Before this windspeed data is read in, the user is asked for the
C name of the file containing the turbulent windspeed data, is asked
C whether this data is in metric (meters/sec) or english units
C (ft/s) and is asked for the name of the file to contain the
C predicted turbulent loads data. For the structure of this file,
C see the block of comments near the WRITE statement toward the
C end of this subroutine.

C BE SURE TO RUN THE TRIM SOLUTION CORRESPONDINGWITH THIS
C TURBULENCEANALYSIS WITH A VALUE OF SHERXP EQUAL TO ZERO
C IF THE VEERS GENERATEDWINDSPEED DATA ALREADYHAS THE
C EFFECTS OF WINDSHEAR. IF YOU DON_T THEN THE PREDICTIONS
C WILL HAVE TO MUCH CYCLIC CONTENT, DUE TO TWOTIMES THE
C DESIRED WINDSHEARVALUES.

REAL STEMP (4, 0:1 , 0:2)
REAL ANGLE
REAL AZIDAT
REAL AZIINC
REAL AZIOLD
REAL BLDANG
REAL DELVY1 (10)
REAL DELVY2 410)
REAL HUBLOD ( 6)
REAL PSIDIF
REAL RESLTS (2,21,9)
REAL SHFLOD ( 6)
REAL TEETER
REAL VY1 410)
REAL VY2 (10)
REAL VYHUB
REAL VYSAV1 (0:1,10)
REAL VYSAV2 (0:1,10)
REAL VYSAVH (0:1)

INTEGER I
INTEGER J
INTEGER NEW
INTEGER NPTS
INTEGER NSHP
INTEGER OLD

CHARACTER*50 WNDFIL
CHARACTER*50 LODFIL
CHARACTER* 2 ANS

INCLUDE 'C:INCLUDE\BLADE2.INC'
INCLUDE IC:INCLUDE\LIMITC.INC'
INCLUDE 'C:INCLUDE\POSITN.INC'
INCLUDE 'C:INCLUDE\SARAYS.INC'
INCLUDE 'C:INCLUDE\TURBN.INC '
INCLUDE 'C:INCLUDE\TRBINF.INC'
INCLUDE 'C:INCLUDE\CONST2.1NC'
INCLUDE 'C:INCLUDE\DELTV.INC'
INCLUDE 'C:INCLUDE\WIND2.1NC'

SAVE NEW
SAVE OLD
SAVE STEMP

DATA NEW / I /
DATA OLD / 0 /

PRINT * ' '

PRINT *, 'Turbulence Analysis Run Set-up'
PRINT * ' '

C Read in the name of the file containing the.VEERS generated
C windspeed data.

PRINT *, 'Read in the name of the wind residual time series file'
READ * WNDFIL
PRINT * WNDFIL#

C See if the windspeed data is in metric or english units.
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PRINT * 'Is the wind data in metric units (meters/sec)?'#

READ*, ANS
PRINT * ANS
PRINT * ' '

C Give the name of the file you want to write rotor and blade
C teeter, Loads, shaft-loads, etc. out to.

PRINT *, 'Read in the nameof the file for loads output'
READ* LODFIL
PRINT * LOOFIL

OPEN(15, FILE = WNDFIL,STATUS= IUNKNOWN,)
OPEN(16, FILE = LODFIL, STATUS= 'UNKNOWN')

NSCN= 1
AZIDAT = O.

C AZIDAT is the azimuth angle read from data,
C VYI(J) is the windspeed data
C for blade number 1, and VY2(J), is the windspeed data
C for blade number 2, and VYHUBis the hubcenter windspeed.
C CurrentlyMSTAT is Limitedto 2. We usuallyread in windspeed
C data at the 50% and 100% rotor radius locations,for each
c blade and then the hubcenterwindspeed.

C Set the shear exponentfrom the trim run to
C zero, since the file generatedfrom the
C VEERS model alreadyhas the effectsof windshear
C in it. Failureto do so will result in too much

C windshear. Other parameterssuch as tower shadow
C inputsare not set to zero unless the user
C reruns the trim solutionwith zero values
C for Tp, TO - the tower shadow parameters.

C Initializevalues for SHEREXP,PSI(O),
C AZIOLD,ERROR, DELPSI(1),
C STEMP, etc.

SHERXP= O.
PSI(O)= O.
AZIOLD = -0.0001
ERROR = O.
DELPSI(1) = STEPMN
AZIINC= TIMINC*OMEGA

c set the initialblade deflection,velocity,
c and accelerationvaluesto what was calculated
c in the trim solutionat zero azimuthangle.This
c serves to start the solution process.

DO 260 NSHP = I, NSHAPS
DO 250 I = O, 2

STEMP(NSHP,OLD,I)= SNEW(HSHP,I , 360)
250 CONTINUE
260 CONTINUE

C Set the left-hand endpoint windspeed value
C needed in the linear interpolation process
C equal to VHUBsince we have not read in
C a windspeed data line from the VEERSfile yet.
C The right-handendpointvalue will be the
C new line of windspeeddata read in.
C These values are necessaryin order to have
C endpointsfor interpolation,since the blade
C azimuthin the numericalintegrationprocess
C will lie betweenazimuthvalues read from
C the data (AZIDAT). Settingthis first left-
C hand point to VHUBstarts the process. I=0
C stands for the left-handenclpointvalue,
C while I=I is the right-handendpoint.
C VYSAVI is for blade I, VYSAV2 is for blade
C 2, and V_fSAVHis the hub-center. J is equal
C to I or 2 dependingon whether it's the 50%
C stationor the blade tip.
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DO300 J = 1,MSTAT
VYSAVI(O,J) = O.
VYSAV2(O,J) = O.

300 CONTINUE
VYSAVH(O)= O.

1000 READ(15,*) AZIDAT, (VYI(J), J=I,MSTAT)
& , (VY2(J), J=I,MSTAT), VYHUB

IF (( ANS .EQ. IyI) .OR. ( ANS .EQ. ,VI)) THEN
DO220 J = 1,MSTAT

VYI(J) = 3.28*VYl(J)
VY2(J) = 3.28*VY2(J)

220 CONTINUE
VYHUB = 3.28*VYHUB

ENDIF

C Convert AZIDAT to radians

AZIDAT = AZIDAT/RAD2DG
IF( AZIDAT .EQ. 0.) THEN

PSI(O)=6.283185-AZIINC
ENDIF

C Be sure that the windspeeddata producedby the VEERS model
C contains the hubheight or meanwindspeed. If it doesn't then
C the next 4 linesof code should be commentedout.
C The purposeof the next 4 linesof code is
C to subtractout the mean windspeedfrom the data input.

DO 230 J = I,MSTAT
VYI(J) = VYI(J)-VHUB
VY2(J) = VY2(J)-VHUB

230 CONTINUE
VYHUB = _HUB-VHUB

C We read in one line of windspeed data at a time.
C We interpolate the windspoeddata to get turbulent
C windspeed fluctuations when the blade azimuth angle
C Lies between successive values in the input file.

C Set the/right-handendpointwindspeedin the
C interpolationprocessequal to the windspeeds
C just read in.

DO350 J = 1, MSTAT
VYSAVI(I,J)= VYI(J)
VYSAV2(I,J)= VY2(J)

350 CONTINUE
VYSAVH(1) = VYHUB

C If we have passed through 360 degrees
C then subtract out 360 degrees from
C PSI. ge are not able to deal with
C azimuth angles greater than 360 deg.
C Be sure to convert to radians.

IF( (AZIDAT - AZIOLD) .LT. 0.) THEN
Psi(O) = PSI(O) - 360./RAD2DG
AZIOLD = AZIOLD - 360./RADZDG

ENDIF

C Find the next azimuthangle in the
C code numericalsolutionprocess ( not
C the azimuthangle of the next line

C of wind data. PSI(1) represents
C this new azimuth angle (radians).
C PSIDIF representsthe differencebetween
C this new azimuth locationand the last
C azimuthangle read in from the data.

400 CALL NXTAZI (AZIDAT)

PSIDIF = PSI(l) " AZIOLD
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C Interpolate in order to determine turbulent windspeed
C data for azimuth angles lying between the previously
C read in line of data and the new line of data.

C VYNOWI(J) is interpolated _Jindspeed for blade I at
C this new azimuth angle. VYNOW2(J) is the interpolated
C windspeed for blade 2. VYNOtJH is the interpolated
C hub center windspeed for this azimuth position.
c These windspeed values are the ones that ultimately
C get passed into the WXNDVL subroutine.

C The windspeed values for blade radial stations lying
C between the herb,50_ radial station and blade tip
C get for11_=din WINDVL by linear interpolation along
c the blade span. If the user wants to read windspeed
C data at more than
C these stations then SUBROUTINE WINDVL will have
C to be changed and more columns of data would have
C to be read in from the VEERS file.

DO 450 J = 1, MSTAT
DELVYI(J) = VYSAVI(1,J) - VYSAVl(O,J)
DELVY2(J) = VYSAV2(1,J) - VYSAV2(O,J)
VYNOWI(J) = (DELVYI(J)/AZIINC)*PSIDIF + VYSAVI(O,J)
VYNOW2(J) = (DELVY2(J)/AZIINC)*PSIDIF + VYSAV2(O,J)

450 CONT INUE
DELVYO = WSAVH(1) - WSAVH(O)
VYNOWH= (DELVYO/AZIINC)*PSIDIF + VYSAVH(O)

CALL EULER ( STEMP, NSHAPS, NPTS)

IF(( ERROR .GT. EUERR) .AND. (DELPSI(1) .GT. STEPMN))
& GO TO 400

DO 510 NSHP = 1, NSHAPS
DO 500 I = 0,2

STEMP ( NSHP, OLD, I) = STEMP(NSHP, NEW, I)
500 CONTINUE
510 CONTINUE

DELPSI(O) = DELPSI(1)
DELT_T(O) = DELTAT(1)
PSI(O) = PSI(1)

IF(ABS(PSI(1)-AZIDAT) .GE. 0.1*STEPMN) THEN
GO TO 400

ELSE

TEETER = STEMP(1,NEW, O)*RAD2DG
& /(HUBRAD+BLTIP)

ANGLE = AZIDAT*RAD2DG

512 IF( ANGLE .LT. 360) GO TO 515
ANGLE = ANGLE - 360.
GO TO 512

C Set the blade angle BLDANG equal to the
C azimuth angle of blade #2.

515 BLDANG = PSI(1)+PI

C First calculate blade loads for blade #2.

C The response and load results for blade
C #2 will be stored in the variable

C RESULTS(2,I,J)

CALL LODCLC(BLDANG, STEMP, RESL'fS)

C Set the blade angle BLDANGequal to the
C azimuth angle for the first blade.

BLDANG = PSI(l)

C Calculate blade loads for blade #I.

C The response ar_ load results for blade
C #I will be stored in the variable

C results(1,l,J).
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CALL LODCLC(BLDANG, STEMP, RESLTS)

C Calculate the shaft loads once the
C loads for blades #1 and#2 are known.

CALL SHAFT2(RESLTS, HUBLO0, SHFLOD, PSI )

C This is the portion of the subroutine that writes

C out results to the user designated loads output
C file. ANGLE is the azimuth angle, TEETER is the
C rotor teeter angle (deg.), RESLTS(I,I,J) is the
C results matrix for blade #I at the I_th station.

c J corresponds to the results item to printed out:
C J=1 to 7.

c RESLTS(2,I,J) Is the results matrix for blade #2.
C I corresponds to the number of the blade radial
C station, from I to 21, with I at the root and

C 21 at the blade tip.
C

C J=1 BLADE DEFLECTION (FT.)
C J=2 BLADE SLOPE (FT./FT.)
C J=3 BLADE FLAP+TEETER VELOCITY (FT/SEC)
C J=4 BLADE TENSION (LB.)
C J=5 BLADE EDGEWISE SHEAR FORCE (LB.)
C J=6 BLADE FLAPWISE SHEAR FORCE (LB.)
C J=7 BLADE FLAPWISE MOMENT (FT-LB)
C J=8 BLADE EDGEWISE MOMENT (FT-LB)
C J=9 BLADE TORSIONAL MOMENT(FT-LB)
C
C
C
C SHFLO0(1) IS THE SHAFT FORCE IN THE Xr DIRECTION.
C SHFLOD(2) IS THE SHAFT FORCE IN THE Yr DIRECTION.
C SHFLOD(3) IS THE SHAFT FORCE IN THE Zr DIRECTION.
C SHFLO0(4) IS THE SHAFT MOMENTABOUT THE Xr AXIS.
C SHFLOD(5) IS THE SHAFT MOMENTABOUT THE Yr AXIS.
C SHFLOD(6) IS THE SHAFT MOMENTABOUT THE Zr AXIS.
C
C

C Here we are printing out azimuth, teeter
C root flap-bending for blades I and 2,
C 65% span flap-bending for blade 1,
C and shaft moments about the Xr, Yr, and
C Zr axes. This statement will need to be
C changed by the user to write out items
C needed.

WRITE(16,*) ANGLE, TEETER, RESLTS(I,I,7),
& RESLTS(2,1,7),

& RESLTS(1,13,7), SHFLOD(4), SHFLO0(5),
& SHFLO0(6)

C Set the left-hand endpoint windspeeds to the right-
C hand values and read in a new line of windspeed
C data from the

c VEERS generated windspeed file, until NSCN is
C equal to NUMSCN.
C

DO 520 J = I,MSTAT

VYSAVI(O,J) = VYSAVI(I,J)
520 VYSAV2(O,J) = VYSAV2(I,J)

VYSAVH(O) = VYSAVH(1)
NSCN = NSCN + I

AZIOLD = AZIDAT
IF( NSCN .LE. NUMSCN) GO TO 1000

ENDIF

RETURN
END

SUBROUTINE NXTAZI ( AZI

C ************************************************************
C * *

C * Subroutine NXTAZI computes the next value of the azi- *
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C * n_Jth angle, Psi, based on the current value of the Eu- *
C * ter error and the previous delta-Psi value. If the er- *
C * rot is too large, a smaller delta-Psl wltl be used to *

C * compute the value of Psi, unless the delta-Psi is al- *
C * reach/ at the STEPHN tower limit. Likewise, if the Eu- *
C * ler error is below a certain limit, the delta-Psi value *
C * is increased for the next Psi computation, *
c * *
C ***************************************************************

c *************************************************************
C * *
C * External references in this routine: *
C * *
C * none *
C * *
O ************************************************************

C *************************************************************
C * *
C * Named COMMON blocks used in this routine: *
c * w
C * CONST Turbine and other constants Used in load *
c * calculations. *
C * LIMITC - Holds values used in the LIMITS routine. *

C * POSITN - Holds parameters related to blade position *
C * such as PHI, PSI, etc. *
C * TURBN - Holds turbine parameters such as nurdoer of *
C * blades, rotor speed, etc. *
C * *

C ******************************************--*************

C * *
C * Local and d_-nnp/ variables used in this routine: *
C * *
C * AZI - The next STEPMX station . *
C * NEW - Array index for new data. *
C * OLD - Array index for old data. *
C * *

REAL AZI

INTEGER NEW
INTEGER OLD

INCLUDE IC:INCLUDE\CONST2.INCt

INCLUDE 'C:INCLUDEkLIMITC.INC'

INCLUDE _C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\TURBN.INC'

SAVE NEW
SAVE OLD

DATA NEW / 1 /
DATA OLD / 0 /

C Check the error. If it is too large, decrease delta-Psi by
C 50%. If it is very small, increase delta-Psi by 50_. The

C value of delta-Psi must always be greater than STEPMN.

IF ( ERRC_R.GT. EUERR ) THEN

DELPSI(NEW) = AIEeO(l(0.5*DELPSI(NE_) , STEPMN )

ELSE IF ( ERROR .LT. 0.1*EUERR ) THEN

DELPSI(NEW) = 1.5*DELPSI(NEW)

END IF
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C This section of code checks the position of the new Psi against
c the next STEPMXstation. If the next Psi will go past the
C STEPMXstation, the delta-Psi is adjusted to bring the next Psi
c directly onto the STEPMXpoint, if the next Psi will fall just
C short of a STEPMXstation, the delta-Psi is adjusted to assure
C that it will not be necessary to use a delta-Psi smaller than
C STEPMN to reach the next STEPMXstationon the next iteration.

c Programmernote:

C The followinglogiccan producea delta-Psithat is less
C than STEPMN for two steps, lt would then move back within
C tolerances. This case comesup when we are within slightly
C Less than two STEPMNsof the next STEPMXstation. This
C algorithmcannot producea delta-Psithat is less than
C STEPMN/2. MLB

IF (PSI(OLD)+DELPSI(NEW).GT. AZI ) THEN

DELPSI(NEW)= AZl - PSI(OLD)

ELSE IF ( PSI(OLD)+DELPSI(NEW)+STEPMN.GT.AZI ) I'HEN

IF ((DELPSI(NEW) .NE.STEPMN) .OR, (ERROR .LE. EUERR) ) THEN

DELPSI(NEW)= 0,5*( AZI - PSI(OLD) )

END IF

END IF

C Set new Psi and delta-Time.

PSI(NEW) = PSI(OLD) + DELPSI(NEW)
DELTAT(NEW)= DELPSI(NEW)/OMEGA

C Get time values if werreworkingon a yawing solution.

IF ( ITRIM .EQ. 0 ) TIME(NEW)= TIME(OLD)+ DELTAT(NEW)

RETURN
END

SUBROUTINELOOCLC(BLDANG,STEMP,REBLTS)

C * *

C * Subroutine LOOCLC is used to compute blade flap loads. *
C * *

C ************************************************************

C ************************************************************

C * *

C * External referencesin this routine: *
C * *

C * TRPZO0 - Compositetrapezoidalintegration. *
C * *
C ***********************************************************

C *************************************************************

C * *

C * Named COMMONblocks used in this routine: *
c * *

c * AER01 - Holds coefficients relatedto aerodynamic *
C * loads calculationssuch as CIAlpha,CdZero, *
C * etc. *

C * AIRFRC - Holds valuesused in aerodynamiccalcula- *
C * tions. *

C * BLADE Holds blade property values such as stiff- *
C * ness and mass distributions. *
C * CONST - Turbine and other constants used in load *
C * calculations. *
C * LIMITC - Holds valuesused in the LIMITS routine. *
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C * LOOVAL - Holds values used to conc,Jte blade loads. *
C * POSITN - Holds parameters related to blade position *
C * such as PHI, PSI, etc. *
C * SHAPE - Holds blade coordinate shape functions. *
c * TENS%N - Holds tension component integrals. *
C * TURBN - Holds turbine parameters such as number of *
C * blades, rotor speed, etc. *
C * WIND - Holds wind shear and tower shadow parame- *
C * ters. *
C * *

C *********--*******----***--***--*****************
C * *
C * Local and dummy variables used in this routine: *
C * *
C * BLDANG - Blade azimuth position. *
C * COEF1 - Complicated term. *
C * COEF2 - Complicated term. *
C * COEF4 - Complicated term. *
C * COEF7 - Cocnplicated term. *
C * CPSI - Cosine of the blade angle. *
C * FACTR1 - Complicated term. *
C * FINT_R - Integral of FLAPFN. *
C * FLAPF_I - Flapuise shear force distribution. *
C * I - Generic index. *

C * IPT - Data point index. *
C * J - Gener i c index. *
C * LL - Generic index. *
C * H - Gener i c index. *
C * NPTS - Number of points along the blade used to *
C * perform Simpson's integration for caLculat- *
C * ing the II_nts and forces at the blade '*
C * root. (passed from STRAP1) *
C * NSHP - Counter on DO loops for the coordinate *
C * shape function. *
C * ONGASQ - Omega^2. *
C * PRDCTO - Temporary storage. *
C * PRDCT1 - Te_aporary storage. *
C * PRDCT2 - Temporary storage. *
C * PRODCT - Temporary storage. *
C * PYAERO - Aerodynamic Loads in the ftapuise direc- *
C * tin. *

C * RESLTS - Temporary storage. *
C * SPS! - Sine of the blade angle. *
C * TINTGR - Integral of TSNFCN, *
C * TSNFCN - Product of the tension force and the slope *
C * at a blade station. *
C * *

REAL BLDAHG
REAL COEF1
REAL COEF2
REAL COEF4
REAL COEF7
REAL CPSI
REAL FACTR1
REAL FINTGR
REAL FLAPFN (21)
REAL EDGEFN (21)
REAL TSNFCN (21)
REAL VXFC_ (21)
REAL. ONGASQ
REAL PRODD
REAL PRDCTO
REAL PRDCT1
REAL PRDCT2
REAL PROOCT (21)
REAL PYAERO (21)
REAL PXAERO (21)
REAL QZFCN (21)
REAL RESLTS (2,21,9)
REAL SPSI
REAL STERP (6, 0:1, 0:2)
REAL TINTGR
REAL TRPZOO
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INTEGER IDBLD
INTEGER IPT
INTEGER NPTS
INTEGER NSHP

INCLUDE 'C:INCLUDE_AEROI.INC t

INCLUDE IC:INCLUDE_IRFRC.INCI

INCLUDE IC:INCLUDE\BLADE2.INCt

INCLUDE 'C:INCLUDE\CONST2.INC t

INCLUDE sC:INCLUDE\LIHITC.INCI

INCLUDE IC:INCLUDE\LOOVAL.INCI

INCLUDE 'C:INCLUDE\POSITN.INC I

INCLUDE IC:INCLUDE\SHAPE.INCI

INCLUDE tC:INCLUDE\TENSIN2.INCI

INCLUDE IC:INCLUDE\TURBN.INCI

INCLUDE IC:INCLUDE\WIND2.1NCI

SAVE NPTS
SAVE NEW
SAVE OLD

DATA NPTS / 21 /
DATA NEW / 1 /

C InitiaLize some constants

OMGASQ= OMEGA**2
COEF1 = 2.0*OHEGA*STHP
COEF4 = OMGASQ*STHP*CTHP
COEF6 = OMGASQ*CTHP*CTHP
COEF7 = OKGASU*STHP*STHP

CPSI = COS( BLDANG )
SPSI = SIN( BLDANG )
FACTR1 = Ot4GASQ*BETAO+ 2*OHEGA*CPSI*PHI(1) + SPSIWpHI(2)
COEF2 = GRA_/*( -CHI*CTHP + STHP*SPSI + BETAO*CTHP_CPSI )
COEF] = GRAV*( CHI*STHP + CTHPwSPSI-BETAO*STHP*CPSI)
COEF5 = GRAV_CPSI
COEF8 = GRAV*SPSI*STHP

PROOD = O.SWRHOAIR*CSUBHA

IF( BLDANG .EQ. PSI(1)+PI) THEN
IDBLD = 2

ELSE
IDBLD = 1

ENDIF

DO ]50 IPT = 1, NPTS

RESLTS(IDBLD,iPT,1) = O.
RESLTS(IDBLD,IPT,2) = O,
RESLTS(IDBLD,IPT,3) = O.

DO 300 NSHP = 1, NSHAPS

IF( BLDANG .EQ. PSI(1)+PI) THEN
RARE = (-1.)*_NSHP

ELSE
HARK = 1.

ENDIF

RESLTS(IDBLD,IPT,1) = RESLTS(IDBLD,IPT,1)+NARK
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& *SHAPE(NSHP,O, IPT)*STEHP(NSHP,NEW,O)
RESLTS(IDBLD,IPT,2) = RESLTS(IDBLD,IPT,2)+HARK

& *SHAPE(NSHP,I,IPT)*STEHP(NSHP, NEW, O)
RESLTS(IDBLD,IPT,3) = RESLTS(IDBLD,IPT,3)+HARK

& *SHAPE(NSHP,O,IPT)WSTEHP(NSHP, NEW, 1)
300 CONTINUE

DHSBAC = PRODD*CHORD(IPT)*k_(IPT)**2

IF( BLDANG .EQ. PSI(1)+PI) THEN
PYAERO(IPT) = TRPZOD( IPT, BLTIP, DAZET2, NPTS)
PXAERO(IPT) = TRPZOD( IPT, BLTIP, DAET2, NPTS)
QZFCN(IPT) = DHSBAC + ESUBAC(IPT)*DAZET2(IPT)

ELSE
PYAERO(IPf) = TRPZO0( IPT, BLTIP, DAZET1, NPTS)
PXAERO(IPT) = TRPZO0( IPT, BLTIP, DAET1, NPTS)
QZFCN(IPT) = DHSSAC + ESUBAC(IPT)*DAZETI(IPT)

ENDIF

PRDCTO = O.
PRDCT1 = O.
PRDCT2 = O.
PROOCT([PT) = O.

DO 340 NSHP = 1, NStIAPS

IF( BLDANG .EQ. PSX(1)+PI)THEN
HARK = (-1.)**NSHP

ELSE
HARK = 1.

ENDIF

PRDCTO = PRDCTO +HARK*STEMP(NSHP,NEW,O)*TCORLS(NSHP,IPT)
PRDCT1 = PRDCT1 +HARK*STEMP(NSHP,NEW,1)*TCORLS(NSHP,IPT)
PRDCT2 = PRDCT2 +HARK*STEMP(NSHP,NEW,2)*TCORLS(NSHP, IPT)
PROOCT(IPT) = PRODCT(IPT) + HARK*STEffiP(NSHP, NEW, O)

& * CIFHON(NSHP, IPT)
340 CONTINUE

RESLTS(IDBLD,[PT,4) = ONGASQ* TOHGA(IPT) + COEF1 * PRDCT1
& - COEF5 * TGRAV(IPT)

RESLTS(IDBLD,IPT,5) = PXAERO(IPT) + FACTR1 * STHP * TONGA(IPT)
& + COEF4 * PRDCTO + COEF5 * TGRAV(IPT)
& + COEF6 * OFFNAS(IPT)

RESLTS(IDBLD,IPT,6) = PYAERO(IPT) - FACTRI * CTHP * TOHGA(IPT)
& + COEF7 * PRDCTO - PRDCTZ + COEF2 * TGRAV(IPT)
& + COEF4 * OFFHAS(IPT)

EDGEFN(IPT) = RESLTS(IDBLD,IPT,5)
VXFCN (IPT) = EDGEFN(IPT)*RESLTS(IDBLD,IPT,2)
TSNFCN(IPT) = RESLTS(IDBLD,IPT,4) * RESLTS(IDBLD,IPT,2)
FLAPFN(IPT) = RESLTS(IDBLD,IPT,6)

350 CONTINUE

DO 360 ]PT = 1,NPTS

EINTGR = TRPZOD(IPTI BLTIP, EDGEFN, NPTS)
SINTGR = TRPZOO(IPT, BLTIP, VXFCN , NPTS)
TINTGR = TRPZOO(IPT, BLTIPI TSNFCN, NPTS)
QZAERO = TRPZOO(IPT, BLTIP, QZFCN , NPTS)
FINTGR = TRPZOO(IPT, BLTIP, FLAPFN, NPTS)
ECENGR = TRPZOD(IPT, BLT]P, ECNTFN, NPTS)

RESLTS(IDBLD,iPT,7) = TiNTGR - F[NTGR + COEFT*PROOCT(IPT)
RESLTS(IDBLD, IPT,8) = E[NTGR - OHGASQ*ECENGR

& - COEF4*PROOCT(ZPT) + COEFS*OFFHAS(IPT)
RESLTS(IDBLD,IPT,9) = QZAERO - SINTGR + COEF4*DELTIH(IPT)

& + COEF8*OFFNAS(IPT)

360 CONTINUE

RETURN
END
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SUBROUTINESHAFT(IPS,IPR,NSTN)

INCLUDE rC:INCLUDE\CONST2.INC'
INCLUDE tC:INCLUDE\TURBN.INC'
INCLUDE 'C:INCLUDE\RESLTS.INCs
INCLUDE tC:INCLUDE\SHFLOD.INC'
INCLUDE tC:INCLUDE\BLADE2.INCt
INCLUDE eC:INCLUDE\HUBPRP2.INCe

CHARACTER* 50 SHFOUT
CHARACTER* 15 LABEL1
CHA_ACTER* 10 LABEL2(6)
CHARACTER* 12 LABEL3(0:5)
CHARACTER* 12 LABEL4(0:5)
CHARACTER, 10 LAPEL5(6)

INTEGERIPS(360)
INTEGERIPR
INTEGERNSTN
INTEGERNSTN1
INTEGERNST1
INTEGER]ST
INTEGERIST2

REALA(0:10,6)
REALB(0:10,6)
REALC(0:10,6)
REALDC0:10,6)
REALSBETAO
REALCBETAO
REALFACTOR
REALF!
REALPSI1
REALPSIN

SAVELABEL1
SAVELABEL2
SAVELABEL3
SAVELABEL4
SAVELABEL5

DATA LABEL1

& / 'Azimuth Angte'/

DATA LABEL2
& / tFxr°,tFyr I,
& IFzr','Mxr','Myrl,'Mzr'/

DATA LABEL3
& / 'cos(O'PSI)' °cos(PSl)'
& 'cos(2.*PSI)',_cos(3.*PSI) _,
& Icos(4..*PSI)'_ecos(5.*PSI)_/

DATA LABEL4
& / tsin(O.*PSl)',_sin(PSI)','sin(2.*PSl) ',
& 'sin(3.*PSI)l,'sin(4.*PSI)l,asin(5.*PSI)l/

DhTA LABEL5
& / 'Fxh', ,Fyh','Fzh',
& 'Mxhr , ,Hyh,,fHzh'/

4000 FORMAT(/, li, A, 6( lX, A))

4200 FORMAT(/, 2X, F10.3, 6(lX, F10.3))

4300 FORMAT(//)

4400 FORMAT(I, I_(, 6(IX, A))

45D0 FORMAT(I, IX, A , 6(1X, FI0.3))

SBETAO= SIN(BETAO)
CBETAO= COS(BETAO)

PSI1 =0.
PSIN = 360.*.017453293

FACTOR= FLOAT(IPR)/180.
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PRINT *, 'Read in name of shaft Loads output file < '
READ*, SHFOUT
PRINT *, SHFOUT
OPEN( 10, FILE = SHFOUT,STATUS= 'UNKNOWN')

NSTN1= NSTN- 1
DO 360 IST = 1,NSTN1

F(1,1,IST) = RESLTS(IST,1,5)WCTHP+ RESLTS(IST,1,6)*STHP

F(2,1,IST) = RESLTS(IST,1,6)*CBETAO*CTHP+
& RESLTS(IST,1,4)*SBETAO " RESLTS(IST,1,5)*CBETAO*STHP

FE3,1,IST) = RESLTS(IST,1,5)*SBETAO*STHP"
& RESLTS(IST,1,6)*SBETAO*CTHP+ RESLTS(IST,I,4)*CBETAO

F(4,1,IST) = RESLTS(IST,1,7)*CTHP + RESLTS(IST,I,B)*STHP

F(S,I,IST) = RESLTS(IST,I,B)*CBETAO*CTHP
& + RESLYS(IST,1,9)*SBETAO
& "RESLTS(IST,1,7)*CBETAO*STHP

F(6, I,IST) = RESLTS(IST,1,7)*SBETAO*STHP"
& RESLTS(IST,I,B)*SBETAO*CTHP+ RESLTS(IST,1,9)*CBETAO

360 CONTINUE

DO370 I = 1,_
F(I,1,NSTN) = F(I,I,1)

370 CONTINUE

NST1 = INT(NSTN1/2. + .0001)

DO 390 IST = 1, NSTN1

I3T2 = IST + NST1

IF( IST2 .GE. NSTN) THEN
IST2 = IST " NST1

ENDIF

DO385 I = 1,6

F(I,2,IST2) = F(I,I,IST)

385 CONTINUE

390 CONTINUE

DO 400 I = 1,6

F(I,2,NSTN) = F(I,2,1)

400 CONTINUE

DO 500 IST = I,NSTN

PSI = IPS(IST)* .017453293

SHFLOD(I,IST)= F(I,I,IST)"F(I,2,IST)

SHFLOO(2,1ST)= F(2_I,IST)+ F(2,2,1ST)

SHFLOO(3,IST) = F(3,1,IST) - F(3,2,IST)

SHFLOO(4,1ST)= F(4,I,IST) - F(4,2,1ST)
& " HUBRAD*(F(2,1,IST) " F(2,2, IST))
& - UNDSLG*SHFLO0(3,IST)

SHFLOD(S,IST)= F(5,I,IST)+ F(S,2,1ST)
& + HUBRAD*(FCI,I,IST) + FC1,2, IST))
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SHFLOO(6, IST) = F(b,I,IST) - F(6_2,IST)
& + UNDSLG*SHFLOO(1,IST)

HUBLOO(1,1ST) = SHFLOO(1,IST)*COS(PSI) + SHFLOO(3,IST)
& * SIN(PSI)

HUBLOO(2,1ST) = SHFLOD(2,IST)

HUBLOO(],IST) = SHFLOD(3,IST)*COS(PSI) - SHFLCX)(1,IST)
& * SIN(PSI)

HUBLOO(4,IST) = SHFLOO(4,IST)*COS(PSI) + SHFLOD(6, IST)
& * SIN(PSI)

HUBLOD(5,IST) = SHFLOD(5,1ST)

HUBLOD(6,IST) = SHFLOO(6, IST)*COS(PSI) -
& SHFLOO(4,IST)*SIN(PSI)

500 CONTINUE

k_ITE(IO,*) 'Low-Speed Shaft Loads in Rotor coordinates'

WRITE(lO,G000) LABEL1, (LABEL2(J), J=1,6)

DO 420 IST = 1, NSTN
WRITE(lO,4200) IPS(IST), (SHFLOD(J,IST), J=I,6)

420 CONTINUE

WRITE(lO,4300)

WRITE(lO,*) 'Hub loads in fixed frame hub coordinates'

WRITE(lO,4000) LABEL1, ( LABELS(J), J=1,6)

DO 430 IST = I, NSTN
WRITE(lO,4200) IPS(IST), (HUBLOO(J,IST), J=I,6)

430 CONTINUE

C Compute harmonics of rotor shaft loads: Fourier Series expansion.
C Also colt_Jteharmonics of fixed frame hub loads, in hub coordinates.

DO 800 II = 1,6
DO 700 I = 0,5

SUMA2 = O.
SUMB2 = O.
SltMC2 = O.
SUMD2 = O.

FI = FLOAT(I)

DO 650 IST = 2, NSTN1
PSI = IPS(IST) * .017453293

SUMA2 = SUMA2 + COS(FIePSI)*SHFLOD(II,IST)
SUMB2 = SL_B2 + SIN(FI*PSI)*SHFLOOIII,IST)
SUMC2 = SUMC2 + COS(FI*PSI)*HUBLOOIII,IST)
SUMD2 = SUMD2 + SIN(FI*PSI)*HUBLOO_II,IST)

650 CONTINUE

SUMA = 2.*SU1¢_2 + COS(FI*PSI1)*SHFLOD(II,1) +
& COS(FX*PSIN)*SHFLOD(II,NSTN)

SUMB = 2.*SUMB2 + SIN(FI*PSI1)*SHFLOO(II,1) +
& SIN(FIWpSIN)*SHFLOD(II,NSTN)

SUMC = 2.*SUMC2 + COS(FI*PSI1)*HUBLOO(II,1) +
& COS(FI*PSIN)*HUBLOO(II,NSTN)

SUMO= 2.*SUMD2 + SIN(FI*PSI1)*HUBLO0(II,1) +
& SIN(FI*PSIN)WHUBLOD(II,NSTN)

IF( I .EQ. 0) THEN

A(I,II) = 0.25 * FACTOR*SUMA
B(I,II) = 0.25 * FACTOR*SUMB
C(l,II) = 0.25 * FACTOR*SUMC
b(I,II) = 0.25 * FACTORWSUMD

ELSE
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Appendix E

Modules 1 and 2 Flowcharts
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