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Summary

The following report gives the reader an overview of and instIuctions on the proper use of the National
Renewable Energy Laboratory F_orceand L._oadsAnalysis _Program (FLAP, version 2.2). It is intended
as a tool for prediction of rotor and blade loads and response for two- or three-bladed rigid hub wind
turbines. The effects of 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 rigid hub turbine. A large por-
tion 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. It does not contain a theoretical discussion on equations of
motion, assumptions, underlying theory, etc. It 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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1.0 Introduction

The following report is intended to be a guide for the correct use of the National Renewable Energy

Laboratory (NREL) F_orceand L_oadsAnalysis Program (FLAP, Version 2.2). The original equations of
motion that formed the basis for FLAP (version 2.01) have been retained. The main change is the ability
to calculate blade response and loads caused by turbulence.

Degrees of freedom include four-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, 'lhen, an example of a two-bladed, rigid 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 aa_dinput of turbulence to FLAP are explained. Finally, an interactive
run session for both modules is illustrated. Code listings and output restllts are contained in the
appendices.



2.0 Code Overview

FLAP _orce and L._oadsAnalysis Program) analyzes two- or three-bladed rigid hub rotors, lt predicts
blade loads that result from such effects as gravity, wtndshear, tower shadow, and turbulent wind
fluctuations, lt also predicts shaft loads caused by gravity, windshear, and tower shadow.

Degrees of freedom included in this model are four elastic flap modes for the blade. 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 freedom, a
prescribed time-dependent yaw motion can be input to the code.

FLAP is basically a derivative of the F_.orceand L...oadsAnalysis Program (FLAP, Version 2.01) (Wright,
Buhl, and Thresher, 1988).

Tiffs version of FLAP is similar to FLAP 2.01 in that a quasi-steady linear aerodynamic 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 of Wright, Buhl, and Thresher (1988).

FLAP is composed of two modules (FLAP1 and FLAP2). The first module is a preprocessor that reads
blade and machine property data. lt computes such items as blade flapwise frequencies and modeshapes
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 then 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 on blade frequencies and mocleshapes.

We assume in this version of FLAP 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
effects of mass, pitch, and twist imbalances are not accounted for in this model.

The second module (FLAP2) calculates the blade 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 inputs is generally a steady-state one. The code
is run with init.i_ values for the blade deflection and velocity. Once the blade reaches a steady-state trim
solution, the blade deflection and 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 trim case. In those cases, a steady-state trim solution is calculated
first, before the code enters the transient portion of the solution process. The results of this trim solution
are then used as initial conditions for the transient analysis. After this trim solution is completed, the time
clock is started, and the model is run, with the yaw function evaluated at each azimuth position. The yaw-
function values for the initial yaw-angle displacement, 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 _imuth (blade straight up)
are then used as initial conditions for the transient analysis.

In order to run a turbulence analysis with FLAP, 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 input 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.



3.0 New Code Inputs

New code inputs 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 might be sampled in the VEERS model at 24 Hz so that TIMINC = 1/24 sec

(.041667 sec). MSTAT is the number of blade 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. "Ihese stations correspond to the 50% and 100% blade
radial stations, lt is important to note that STA represents 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



4.0 Example Turbine Description

We will show the data input file preparation for an example two-bladed, 15gid-hub turbine. Before
showing code input, the turbine will be desc_bed. This is a fictitious two-bladed, rigid-hub wind turbine.

The example wind turbine, shown in Figure 4-1, _s a two-bladed, fixed-pitch, :free-yaw, downwind, stall-

controlled rotor turbine. It has a rotor diameter of 24 m (80 ft) and featt:res 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 6,0 RPM. Aerodynamically
shaped tip v_les _ounted at the blade tip perpendicular to the spanwise axis provide overspeed protection
and assist in high-wind stops. Table 4-1 stunmarizes the major turbine specificatio:as for the test turbine.

The distance from the yaw axis to the center of the hub is 6.79 ft.
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Figure 4-1. Illustration of example turbine
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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 t_)

Rotor Type Two-Bladed Rigid Hub

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 - Truss

Pitch Control None

Yaw Passive

Overspeed Control Tip Vanes

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

Coning 7 deg

Rotating Natural Frequencies

First Flapwise 2 Hz

Second Flapwise 7.8 Hz

- 8 .,



5.0 Preparation of Input Data

Appendix A, page A-2, shows the basic input file to Module 1 for the turbine. We will now describe the
basis for assigning values to these inputs.

ALENTH (ft)

The distance from tile tower centerline or yaw axis to the center of the hub (point where the two blades
intersect) is 6.79 ft.

ALPHA¢ (deg)

This variable represents the angle from the chord line to the zero lift line. Ttds 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 C L is equal to zero. lt is equal to -4 deg for this airfoil. We assume a constant ALPH_ for the
entire blade span. Provisions for changing ALPH_ with blade span are not provided in this version of
FLAP.

CH__/I(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, Buhl, and Thresher (1988), page 13. This input is not very important for
caiculation of flap-bending moments.

DRGFRM

This input variable is used in the calculation of airfoil drag coefficient, as given in Wright, Buhl, and
Ttu'esher (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 CD 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.

BETAt_ (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. "lhe main purpose of this variable is to identify the portion of the blade

9
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Figure 5-1. Illustration of rotor geometry

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

BLTIP (ft)

This variable is the blade length, as measured from the blade root to the tip. "lhis 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.

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.

OMEGA (RPM)

The rotor speed is 60 RPM.

10



PHIAMP (deg)

This variable is set to zero because we are not performing a yaw motion solution. See Ref, 2 for more
details. This variable defines the yaw-motion amplitude in the time-dependent yaw solution.

PHIOMG (deffsec)

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 Thresher (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).

qT-IETAP

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 tun, the orientation of 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. Ali load and deflection results are referenced to this one

axis system (the Xp, Yp, _ axes [Wright, Buhl, and Thresher, 1988]). For this case, we set THETAP to
2 deg to refect flapping about 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 deg.

TSUBP and TSUBd?

For formal definitions of these variables, see Wright, Buhl, and Thresher (1988), equation 3-3. These two
parameters are used to set the shape and magnitude of the velocity profile in the tower shadow region.

!!



Setting both these inputs equal to .05 gives us a cosine squared velocity deficit. The magnitude of the
deficit is 10% of the hub height windspeed. If we set TSUBq5 = 0.1 and TSUBP = 0, then we have a
square wave-shaped velocity profile with a deficit of 10% of the free-stream windspeed. For more
information, see Wright, Buhl, and Thresher (1988).

VHUB (_s)

The hub height free-stream windspeed for this case was 33.64 ft/sec.

XLEFT

We used 11 points to input dis_buted property data. The first point XLEFT(1) is located at the blade

root. The last point XLEFT(ll) is located at the blade tip. The other points are chosen to help
approximate the blade's mass, stiffne,vs, twist, and chord distributions.

WEIGHT

i

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 data. Between each
value of XLEFT, the property data are being linearly interpolated. The point 36.2 was chosen to allow
the weight to change rapidly in order to model the tip weight.

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

AEIARE (x 10 6 lb-fta)

Figure 4-3 shows the stiffness distributions for this airfoil. Input of values from this plot result in
overprediction of the blade's fiapwise bending frequencies. We deliberately reduced these values uni-
formly along the blade so that the predicted flapwise frequencies will agree with test data. lt is known
that the firg symmetric flapwise frequency is approximately 2 Hz. Values taken directly from Figure 4-3
result in ove,prediction of the frequencies. The user can now try different mass and stiffness distributions,

rtm 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 con'ect
calculation of blade centrifugal and gravitational loads.

..AIEMASS, AIFMASS, AOFFST, 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 FLAP. 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.

12



ATWlST

This variable represents the blade's built-in twist distribution, lt is input from the information given in
Figure 4-2. lt is important to note that these values must be adjust,_d 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 is allowed 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.

NUMSCN_ TIMI.NC, MSTAT._ STA

These four variables provide information necessary for input of turbulent wind fluctuations to FLAP.
NUMSCN was input as 8,192 to reflect 8,192 lines of data in the turbulent windspeed file. TIMINC is
set to .041667 because the wind data are sampled at 24 Hz. The number of blade stations at which
windspeed data are input is two. Not._.__e:The hub center windspeed data will be read in also. MSTAT
represents the number of blade statiot_s outboard of the hub center at which turbulent wind input are to
be read. STA gives the lx_sitions (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 of
Appendix A.

13



6.0 Preparation of Turbulent Wind Input Data

If the user is not interested in running a case with turbulent windspeed input, then this section can be
skipped. The FLAP code can be run for deterministic cases only by simply choosing the (Q) option _dter
the trim solution.

In order to run a turbulent windspeed case, a separate file of turbulent windspeed data is needed for input
to FLAP. lt is asstuned 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 FLAP.

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 several points on a blade. With this model, a full three-component field of
turbulence is not calculated, only the longitudinal, "along wind," component (in spite of the name "Three-
Dimensional...").

This simulation method is used to obtain rotafionally sampled windspeeds (Veers, 1988). We simulate
the windspeed at three points of the rotating blade: the 50% rotor radius location on the blade, the
100% rotor radius on the blade, 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 roughness, 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 four 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 azimuth angle (deg), the second is
windspeed at 50% rotor radius, the third is windspeed at 100% rotor radius, and the fourth is the center

of hub windspeed. "[he file contains 8,192 lines of data sampled at 24 Hz. This file represents
341 second_ of real-time wind data. The number 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 (213in this case) so that we can

later perform power spectral density calculations on the computed loads and response output. The FLAP
code will generate corresponding loads and response output corresponding to each line of windspeed data.
An example output file from VEERS is shown in Appendix F.

14
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7.0 input of Turbulence Data to FLAP

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

In order to run a turbulent wtndspeed case, the FLAP 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 FLAP, Version 2.20, and not included in version 2,01, is a subroutine
named TRBCLC. After the code finishes with its trim solution calculations, lt enters this subroutine, if
so chosen by the user. lt is in this subroutine that the turbulent windspeed data generated by VEERS is
read into FLAP.

We nmst now describe the two types of interpolation of this windspeed data that are occurring in FLAF.
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 FLAP 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 purpose 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 FLAP2. Subroutine TRBCLC is on page D-112. 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/sec) or metric (m/sec) units. He or she is then asked for a file name
that contains load and response predictions. _ese oredictions 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 ftrst 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 VYNOWI(1), VYNOW 1(2),and VYNOWH. These vaxi-
abies t'epresent the interpolated values of the two velocities on the blade and the hub center wind velocity
at the present azimuth angle. The two 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) and VYSAVH(I). The integer 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(1) is the hub center windspeed.

The three 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 FLAP 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 three values of windspeed passed from
subroutine TRBCLC and c_lculate interpolated values for intermediate blade radial stations. 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
DELTVY(I); see Appendix D, page D-108 for Subroutine WINDVL,

This process t_f 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 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 wtndspeed
file.

Results written to the user-designated output file include azimuth angle, blade loads, and deflection
information. 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 soiution 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 wtndspeed as a result of wlndshear, 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 wtndshear
exponent.

Care must be taken to run the trim solution in FLAP using the correct values of VHUB and SHERXP.
The variable VHUB, in Module 2 of FLAP, 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
this value is known, FLAP SHOULD BE RUN wrI'I-I VHUB SET TO THIS VALUE IN FEET/
SECOND.

If the VEERS model is run with a nonzero shear exponent, then the FLAP 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 of a nonzero SHERXP in FLAP 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--FLAP1

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 "[1dRBN.DAT, Upon typing in the Input file name,
the user is prompted for the name of the run-data file name, This file ts written by FLAP1 and contains
the data to be read by FLAP2,

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 ali the input data have been echoed out, the user is prompted for the name of a file for writing the
blade's mocleshape 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, lt is not read by FLAP2, and its only purpose is to exanflne 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 "FLAP Terminated
Normally." This signals the end of FLAP1 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--FLAP2

Upon executing FLAP2, 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 tun the model, (D)iagnostic tun,
(T)urbulence run, and (Q)ait,

The user first chooses the (R) option and reads in the run-data file produced by Module 1 (FLAP1). After
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 1 so that the first mode is used. For the example
turbine described earlier, final code runs should use a value of 2 for NSHAPS because the second bending
mode at a frequency of 8 Hz (8 times the rotor rotation speed) gets highly excited by windshear, tower
shadow, and turbulence (Wright and Butterfteld, 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 Wright, et al.
(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 wtndspeeds in nonstalled
conditions. When more modes are used or in cases involving high angles of attack (stalled flow) or severe
tower shadow input, 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 stmdow.

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 aerodynamic damping that result from high angle-of-attack
conditions.
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We also suggest setting the Trace Flag in the set of run parameters to TRUE, This 'allowsprintout of
bide 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 :,
s6iution, 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 first compute a trim solution and then perform a transient analysis using the time-dependent yaw
solution, The solution is completed at the end of NYAW revolutions,

After reviewing and/or changing the set of run parameters, the user is prompted for the name of the
RESULTS.DAT file, This file will contain 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.

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 cdefficients 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,

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 ha!t code
execution.
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9.0 Conclusions

An overview of the NREL Force and Loads Analysis Program (FLAP, Version 2.2) has been given. New
input to the code have been described. An example two-bladed rigid,-hub wind turbine was described.
Preparation of code input and an example code interactive run for thi_ 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

A-1



TURBN.DAT

DATA INPUT FOR THE EXAMPLE TWO BLADED, DOWHglND
80 FT DIAM. RIGID HUB ROTOR
ALENTH 6.79
ALPHAO -4.0
BETAO 7.0
BLSHNK 0.80
BLTI P 38. O0
cHI ., O.

CSBMAC O. O15
DRGFRM O. 0032
HUBHT 80.
HUBRAD 2.0
KSHADW 1
NBLADS 2
NPANEL 11
OMEGA 60.
PHIAMP 0.0
PHIOMG 0.0
PHIO 13.0

PSIZER 20,
SHERXP O.164
THETAP 2. O0
THETAT 4.0
TSUBP 0.05
TSLIBO 0.05
VHUB 33.64
XLEFT 0.0 0.80 1.00 4.00 10.00 18.00 22.00 26.00 36.00 36.20
WEIGHT 50.0 50.00 50.00 43.3 31.6 19.3 14.0 9.35 5.39 28.30
AEIARE 38.90 r _ "90 38"89 22.50 13.33 4.22 2.48 1.45 0.289 0.280
AI EHAS 0.0 0.0 0.0 0,0 0.0 0,0 0,0 0.0 0.0 0.0
AI FNAS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AOFFST O. O. O. O. O. O. O. O, O. O.
ACHORD 1.00 1.00 2.083 2.333 2.916 2.464 2.238 2.012 1.560 1.549

ATW]ST 0.0 0.0 4.0 3,9 3.8 3.2 2.8 2.1 0.20 0.10
ACLALF 0,0 0,0 4.55 4.75 4.85 4.95 4.95 5.20 5.18 5.18
ACLNAX 0.0 0.0 1.0 1.1 1.2 1.3 1.5 1.6 1.6 '1.6
ACOZER 0.0 0.0 0.0083 0.0083 0.0083 0.0083 0.0083 0.0083 0.0083 0.0083
AESBAC 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0
NUMSCN I00

TIMINC 0.041667
MSTAT 2

STA 20, 40.
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THIS %STHE INTERACTIVERUNL]ST%_GFORMOOULElz

Program For Analysis Of Horizontal Axis Wind Turbine

ResponseTo Dynamic Loads

., MOOULE1

Subroutine INPUT: Input and process new blade
and turbine data.

Enter nameof inl_Jt data file •

Enter nameof output data f_le >

TURBN.DAT

DATA1NPUTFORTHE EXA_PLETWOBLADED,DO_NWXND
80 FT DIAH. RIGID HUBROTOR

Parameter values:

ALENTH= 6.79000 NPANEL= 11

ALPHAO= -4.00000 OMEGA= 60.00000
BETAO= 7.00000 PHIO = 13.00000
BLSHNK= 0.80000 PHIAHP= 0.00000
BLT]P = 38,00000 PHZORG= 0.00000

CHi = 0.00000 PS]ZER= 20.00000
CS;UBMA= 0.01500 SHERXP: 0.16400
DRGFRH= 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 = ]3,64000
NUMSCN= 1nO

TIM%NC= 0.041(_5
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 28,30000 0.28000 0.00000 0.00000 0.00000
3B,O0000 28.20000 0.13500 0.00000 0.00000 0.00000

Hit <Enter> to continue...

ACHORD ATg]ST ALCALF ACLMAX ACDZER AESBAC



i.00000 0.00000 0,00000 0.00000 0.00000 0.00000

1,00000 0.00000 0.00000 0,00000 0.00000 0.00000

2.08300 4.00000 4.55000 1,00000 0.00830 0.00000

2,33300 3.90000 4.75000 1.10000 0,00830 0.00000
2.91600 3.60000 4.83000 1.20000 0.00830 0,00000
2.46400 3,20000 4.95000 1.30000 0.00830 0.00000

2.23B00 2.80000 4.95000 1.50000 0,00830 0,00000
2.01200 2,10000 _.20000 1.60000 0,00830 0.00000
1.56000 0.20000 5.18000 1.60000 O,00830 0.00000
1.54900 0,10000 5,18000 1.60000 0.00830 O.00000

1,33300 0.00000 5.24000 1.60000 O.00830 0,00000

Hit <Enter>to continue...

STA-

20,000

40.000

Hit <Enter> to continue...

Enternameof modeshapeand frequencyoutpot filedone,

Data for MODULE2 have been written to RUNB.DAT.

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

FLAPterminated normally.



THE MOOESHAPEANDFREQUENCYFILE

FREQUENCIES=
15.4516 50.6140 147,366 473.919

Modeshapes:
1 0.000000 0.000000 0.000000 0.000000

11 0.479990E-03 -0.470760E-03 0.152273E-03 -0,453987E-03
.21 0.226573E-02 -0.1?'2893E-02 0.811213E'03 -0o116018E-02
31 0.560398E'02 -0.376290E-02 0.195616E-02 -0.155546E-02
41 0.105679E-01 -0.66_86E-02 0.330836E-02 -0.146922E-02
51 0.171897E'01 "0.105695E-01 0.450120E'02 -0.981423E-03
61 0.255666E'01 -0.153675E-01 0.519992E'02 -0.279214E-03
71 0.359055E'01 -0,208500E-01 0.517710E-02 0.422401E-03
81 0,485312E-01 -0.266104E-01 0.435051E-02 0.942064E-03
91 0.638611E-01 - 0.320938E-01 0.278973E-02 O.116603E-02

101 0.823587E-01 -0.366515E-01 0.698037E-03 O.106098E-02
111 0.104471 -0.396127E-01 -0.162388E-02 0.669985E-03
121 0.130561 -0.403623E-01 - 0.382617E-02 0.957751E-C_
131 0.160841 -0.384173E-01 -0.556326E-02 -0.524056E-03
141 0.195319 -0.334936E-01 -0,654618E-02 -0.104599E-02
151 0.233762 -0.255528E-01 -0.6587'26E-02 -0.134900E-02
161 0.273687 "0.148218E-01 -0.563072E-02 -0.135829E-02
171 0.320391 -0.177524E-02 -0.376279E-02 -0.106016E-02
181 0.367023 0.129271E-01 -0o119463E-02 -0.503351E-03
191 0.414711 0.265568E-01 O.178793E-02 0,216767E-03
201 0,462746 0./+44972E-01 0.491525E-02 0.996658E-03



THIS IS THE RUNDATAFILE PRODUCEDBY NOOULE1 ANDREAD
BY MODULE2:

TURBN.DAT
DATAINPUT FORTHEEXJ_PLETWOBLADED,DOk_II_IND
80 FT DIAl4. RIGID HUBROTOR

ALENTH ALPHAO BETAO
6.7900000000E+00 -4.0000000000E+O0 7,O000000000E+O0

BLSHNK BLTIP CHI
B.OOOOOOOOOOE-01 3,80DOOOOOOOE.01 O.O000000000E+O0

CSUBMA DRGFRH HUBHT
1,5000000000E-02 3.2000000000E-03 8.OO00000000E+01

HUBRAD OHEGA PHIO
2.0000000000E+O0 6.0000000000E+01 1.3000000000E+01

PHIAHP PHIOHG PSIZER
O.OOOO000OOOE+O0 0.00000000005+00 2.0000000000E+01

SHERXP THETAP THETAT
1.6400000000E-01 2.0000000000E+O0 4.0000000000E+O0

TSUBO TSUBP VHUB
5,000OOOOOOOE,.02 5,0000000000E-02 3.3640000000E+01

KSHADW NBLADS NSHAPS NPTS
1 2 2 21

NUMSCN= 100

TIMINC= 0,04166

HSTAT= 2

STA(1)-
2.000E+D1 4.O00E+01

CLALFA-
OoO000000E+O0 4.6100000E+00 4.7366670E+00 4,7783330E+00
4,8100000E+00 4.8416670E+00 4.8675000E+00 4.8912500E+00
4,9150000E+00 4.7387500E+00 4,9500000E+00 4,9500000E+00
5.000000OE+O0 5.1187500E+00 5.1988000E+00 5,1950DOOE_.O0
5.1912000E+00 5.1874000E+00 5,1856000E+00 5,1800000E+00
5.2400000E+00

CL_t_X-
O.O000000E+O0 1.0300DOOE+OD 1.09333305+00 1.1283330E+00
1.1600000E+00 1.1916670E+00 1.2175000E+00 1.2412500E+00
1,26500005+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 1,60000005+00 1,60000005+00
1.6000000E+O0

C:DZERO-
O.O000DOOE+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 8.3DOOODDE-03 8,3000000E-03 B.3000000E-03
8.3000000E-03 B.3000000E-03 8.3000000E-03 8.3000000E-03
8.3000000E-03 8.3000000E-03 B._O_OOOOE-03 8.3000000E-03
8.3000000E=03

CHORD-
1.00OO00OE+OO 2.1580000E+00 2,3163330E+00 2.4981830E+00
2.682BOODE+O0 2.8674160E+00 2.8369000E+00 2,7295500E+00
2.6222010E+00 2.5148510E+00 2.4075010E+00 2.3001500E+00
2.1928000E+00 2.0854490E+00 1.9848790E+00 1,8989990E+00
1.8131190E+00 1.727"_9DE+00 1._135gOE+O0 '1.5545000E+00
1.3330000E.00

ECNTFN-
O.OOOOOOOE+OO O.O0000OOE+O0 O.O000000E*O0 O.OOO0000E+OO
O.OOOOOOOE+O0 O.O000OOOE+O0 O.OOOOO00E+OO 0.00000005+00
O.OOOOOOOE+OO O.O000000E+O0 O.OO00000E+O0 O.OOOOOOOE+OO



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

E_UBAC-
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 7.0336770E-02 7.1td*2140E"02 7.2053010E-02
7.2605690E-02 7.3158380E-02 7.5136420E-02 7.767.3500E-02
8.0110590E-02 8.2597690E-02 8.5521120E-02 8.8837260E-02
9.3200590E-02 9.9003830E-02 1. 0496420E-01 1. 1126_.80E-01
1,1756550E-01 1, E386610E-01 1,3016670E-01 1.3700830E-01
1.3962630E-01

CKBEND-
1.0083390E+02 - 4.0322250E+O0 9.9915050E-02 *4,0335320E-02

-4.0322250E+00 2.8433650E+01 -2,5780500E-01 3.1327550E-02
9,9915050E-02 -2.5780500E- 01 6.7112550E+00 - 1.9452040E-02

-4.0335320E- 02 3.1327550E-02 -1.9452040E-02 5.5040870E+O0

ClCFOHG-
9,4809_d._OE-01 1.0213810E- 01 -2.5309020E-03 1.0220290E-03
1.0213810E-01 7.1425090E-02 6.5302360E-03 -7,9456660E_C_4

-2.5309020E-03 6,5302360E-03 4.4022620E-03 4,9147420E-04
1o0220290E-03 -7.9456660E-04 4,9147420E'0_ 6.0389170E-0_

CKTGRV*
2,7604020E-02 1.9881190E-03 -1. 24414IOE-04 4.4409070E-05
1. 9881190E-03 2. Z382840E-03 1.3956390E-04 -4. 0216200E-05

- 1.2/_ 1410E-04 1.3956390E-04 1,5335550E-04 1.1202700E-05
4.{_09070E-05 -4.0216200E-05 1,1202700E'05 2,5997140E-05

CKGLOD-
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.0000000E+00 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O.O000000E+O0 O,O000000E+O0

CHMASS-
5,T911190E-01 4,1807690E-07 5,0681800E- 07 6.3668550E-07
4.1807690E"07 1.2199980E'02 2.1859380E-07 2.5996100E-07
5.0681800E-07 2.1859380E-07 3,1734160E- 04 3.088_90E- 07
6.3668550E-07 2.5996100E"07 3.088_90E "07 2.4889670E-05

CKTCRL(1 ,K,L)"
9.3012170E-03 1,3157830E-03 1,3310280E-05 7.8709800E-06
1.3157830E-03 6.7067570E-04 7,5045650E-05 -1.5799920E- 06
1.3310280E-05 7.5045650E-05 3.7128080E-05 5.1852320E-06
7•8709800E"06 "1,5799920E"06 5.1852320E"06 4. 2657200E"06

CKTCRL(2tK_L)"
2. 8308130E"04 1. 4827730E"04 1.9014220E"05 6.6901930E"07
1•4827730E"04 1. 5741480E"05 5. 2289370E"06 2,0837360E"06
1.9014220E'05 5.2289370E'06 -fi.9275360E'07 2.0192700E'07
6.6901930E'07 2,0837360E"06 2.0192700E'07 "2,7655570E'07

CKTCRL(3,KEL)"
3.3599220E"06 6.4080110E-06 3.0212620E-06 6,1850270E-07
6.4080110E-06 2.3025510E-06 4.3411470E-OB 7.3307340E-08
3.0212620E-06 4.3411470E-08 2,3791120E-OB "1. 0719060E-08

' 6.1850270E-07 7.3307340E-08 -1.0719060E-OB 2.2584170E-08

CKTCRL(4,K,L)"
5.6055080E-07 4.5585320E-07 2.9808030E-07 1.4599310E-07
4.5585320E-07 4.1657040E-07 8,5431540E-08 -8.5354d,40E-09
2.9808030E-07 8,5431540E- 08 -2.9392540E- 09 3.6502860E-09
1.4599310E-07 -8.535,'_,0E- 09 3.6502860E-09 -2.2649680E-09

CMRIGD-
6,4966190E+01 "4.21T-_530E+O0 3,2205240E-01 -5.5928610E-02

CHBLNC-



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

CHGRAV-
_,1128080E.00 -Z.B395860E-01 3.6795370E-02 -1.0032110E-02

TCORLSEl,I)-
2.1128270E+00 2.1173900E+00 2.109_30E+00 2,0997130E+00
2.0B19000E+O0 2.0540900E+00 2.0154400E+00 1.96507'90E+00
1.9030750E+00 1.8301280E+00 1,7474600E+00 1,6558360E+00
1.5577070E+00 1.4553350E+00 1.3524730E+O0 1.2420960E+00
1.1222820E+00 9.9525940E-01 8,6397670E-01 7,1791740E-01
O.O000000E+O0

TCORLS(2,[)"
-2,85956_0E'01 -2.83_530E-01 -2,8069860E'01 -2.7412010E"01
-2,6258720E'01 -2,4528320E'01 -2,2179010E-01 -1.9201140E-01
-1.5697290E-01 -1.1860560E-01 -7.9414780E'02 -4,1653340E-02
-7.8960160E'03 Z,O126780E-02 4.1191160E-02 5.6578030E-02
6.6237290E-OZ 6,9901270E'02 6,7864180E'02 5,9955730E-02
O.O000000E+O0

TCORL,S(3,1)"
3,6795990E-02 3.6668530E-02 3.5503340E-02 3.2182650E-02
2,6285470E-02 1.8511840E-02 9.3658650E-03 6.8247090E-0_ .

-6,4783800E-03 -1.1240590E-02 -1.3291510E-02 .1,2868800E-02
-1,0585390E-02 -7.2509280E-03 -3.7036940E-03 -2.7365720E-04

2.6A83120E*03 4.6901670E'03 5.6660960E-03 5.5238120E-03
O.O000000E+O0

TCORLS(4eI)"
-1.0031950E'02 -9,5433580E'03 -7.3454120E'03 -3.9081030E'03
-4.1554330E'04 2.1385500E'03 3.3167530E'03 3.1949230E*03
2,161"T970E"03 7.513B850E'04 -5.4787870E'04 - 1,4270480E'03

"1. 7638520E"03 "1.6178210E'03 -1.1591070E" 03 -5.3110_0E'04
1.1922t_OE'04 6.4708220E'04 9.55149ZOE'04 1.0020020E'03
O.O000000E+O0

TGRAV,,
2,6713120E+01 Z.37887BOE+01 Z.lOBOOSOE+01 1.8609220E+01
1.635"/350E+01 1.4324270E+01 1.2497370E+01 1.084ZH_'_OE+01
9.36_120E+00 B.OS67000E+O0 6.9181700E+00 5.9310100E+00
5,0908870E+00 4.3842720E+O0 3,8037450E+00 3.2878390E+O0
2.8163650E+00 Z.3893?.ZOE+O0 Z.OO67140E+O0 1.6345970E+00
O.O000000E+O0

TOM_-
&.O749440E+02 3,9888640E+02 3.85?'8960E+02 3,6914690E+02
3.4970350E+OZ 3,2828990E+02 3.0557420E+OZ 2.81B8530E+02
Z.5785960E+O2 Z,3415240E+02 Z.1135070E+O2 1.8970650E+02
1.6969250E+OZ 1.5151820E+02 1.35_B/d40E+O2 1.2024650E+02
1,0542580E+02 9.1191170E+01 7.T/'I1350E+01 6.3862130E+01
O,O000000E+O0

CIFMON(I,I)"
O,O000000E+O0 O.O000000E+O0 O.OOOOOOOE+O0 O.OO00000E+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.OOOO000E+O0 O,O000000E+O0 O,O000000E+O0
O.O000000E+O0

CIFMOM(2sI)"
O.O00OO00E+OO O.O00OOOOE+O0 O.OO00000E+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.OOOO000E+O0 O.O000000E+O0 O.O000000E+O0 O.O000000E+O0
O.O000000E+O0

CIFMOM(3,1)"
O.OO00000E+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

ClFMOM(4,1)"
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O.O000000e+O0 O.O000000e+O0 O.O000000B+O0 0.0000000_.00
OoO000000B+O0 O.O000000E+O0 0.0000000_+00 O,O000000B+O0
O.O000000e_O0 O.O000000e+O0 0.0000000_+00 0,0000000_+00
OoO000000E+O0 0.0000000_+00 O.O000000E+O0 OoO000000B.O0
O,O000000e+O0 O.O000000B+O0 O.O000000E+O0 0.0000000_+00
O,O000000E+O0

DBL.TiM-
0.0000000E+00 O,O0000OOE+O0 O.O000000E+O0 O,OOOO000B+O0
O,O000000E+O0 O,O000000E+O0 O.O000000E+O0 O.O000000E+O0
O,O000000B+O0 O.O000000E+O0 O.O000000B+O0 O,O000000E+O0
O.OOO0000E+O0 O.O000000e+O0 O.OOOOOOOE+O0 O,O000000E+O0
O.O000000E+O0 O.O000000B+O0 O.O000000E+O0 O.O000000B.O0
O.O000000B+O0

OFFMAS-
O.O000000E+O0 O.O000000B+O0 O,O000000E,J,O0 O,O000000E+O0
O.O000000E+O0 O.O0000OOB_O0 O,O000000E.O0 O.O000000E+O0
O.O000000E+O0 O,O000000E+O0 O,O000000B+O0 O.O000000E+O0
O.O000000E+O0 O.O000000E+O0 O,O000000E+O0 O.O000000B+O0
O,UOOOOOOE.O0 O,O000000E_O0 O,O000000E+O0 O,0OO0000B+O0
O.O000000E+O0

0.704375E*01 -0.109351 0.105763E-0t -0.1351_9
O.3967_6 O,195642 O,313000 O.55"?/'43

-0.649376 -0.709698 -0,811690 -0.7_0139
0.644929 0,667904 0.493030 0.328_51
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Appendix B

Module 2 Interaotlve Run Listing
and Output Files
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1HIS IS THE INTERAOTIVERUNL1STINO_ORMODULE2_

Program _or Analysis Of Horizontal Axis WtndTurbine
ReSponseTo DynamtoLoads

- MODULE2

Operations Menu

(R)ead in a data ft le
(s)et up and run the model
(D)|agnoatJ ¢ run

(T)urbuler_e anaLya_s
(Q)utt

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

Enter the nameof the ft le that oontains run-data >

Reading in new data,..done.

Operat i ons Mar_

(R)ead in a data fire

(S)e_: up and run the model
(D)tagnost Jc run
(T)urbuLerme analysis
(Q)utt

Enter Option (R,StD,T,Q) >

CUrrent values for the tfree_ varJable_:

1 ALENTH= 6.7900 feet 12 PHIAHP= 0.0000 degrees

2 ALPHAO= -/,.0000 degrees 13 PHIOMG= 0.0000 degrees/seo

3 BETAO = 7.0000 degrees 14 PSISHD= 180.0000 degrees
4 CHI = 0.0000 degrees lS PanZER= 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 KStlADW= 1 18 THETAP= 2.0000 degrees
8 NBLADS= 2 19 THETAT= 4.0000 degrees
9 NSHAPS= 2 20 TSUBO = 0.0500

10 OHEGA= 60.0000 RPt_ 21 TSUBP = 0.0500

11 PtlIO = 13.0000 degrees 22 VHUB = 33.6400 feet/second
23 TIM[IqC= 0.0/.1660 seconds 2{, NUMSCN= 100

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

The ourrent values of the run parameters are:

1 STEPtO<= 10.000 degrees MaximumStep Size
2 STEPMN= 0.001 degrees MinimumStep Size
3 PRINT1 = 10.000 degrees Printout Interval in Region 1
4 PRINT2 = 10.000 degrees Printout Interval Jn 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.G00 percent Max value of Euler error function
8 TRMERR= 10.000 percent Convergenoe Criterion for Trim Solution
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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) >

Enter hurdler of variable you wish to chamge >

Enter new REAL value for STEPMX >

The current values of the run parameters are:

1 STEPNX = 5.000 degrees Naximum Step Size

2 STEPMN= 0.001 degne_ Miniu Step Size

3 PRINT1 = 10.000 degrees Printout %nterval 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._, ck_gr_ Er_:Jof Print Region 2

7 EUERR = 10.000 percent Nax value of Euter error function

8 TRMERR= 10.000 percent Convergence _Jriterion for Trim Solution

9 NYAW = 0 No. of Disk Revolutions for Yawing Sotn.

10 TRACEF= .FALSE. Trace Flag

Do you want to charKje _ of these values? (Y,:N) >

Enter nLmber of variad_te you wish to change >

Enter new REAL value for EUERR >

The current values of the run parameters are:

1 STEPMX= 5.000 degrees Maximum Step Size

2 STEPRIq = 0.001 degrees Hiniccm_ Step Size

3 PRINTI = 10.000 clegrees Printout Interval in Region I

4 PRINT2 = 10.000 degrees PrintocrtInterval in Region 2

5 BEGIW2 = 180.000 degrees Beginning of Print Region 2

6 END2 = 270.000 degrees End of Print Region 2

7 EL/ERR = 5.000 percent Hax value of Euler error furction

8 TRNERR = 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 cha_ge any of these value? (Y,=N) •

Enter nulaberof variable you wish to change •

Enter new REAL value for TRMERR •

The current values of the run parameters are:

1 STEPNX = 5.000 degrees NaximJm Step Size

2 $TEPNN = 0,001 degrees NiniM Step Size

3 PRINT1 = 10.000 degrees Printout Interval in Region 1

4 PRINT2 = 10.000 cL_grees Printout Interval in Region 2

5 BEGIlqZ = 180.000 degrees Beginning of Print Region 2

6 EN02 = 270.000 degrees End of Print Region 2

7 E_RR = 5.000 percent Rex va|ue of Euler error functio_

8 TRNERR = 5.000 percent Convergence Criterion for Trim Solution

9 NYAW = 0 No. of Disk Revolutions for Yawing Sotn.

10 TRACEF= .FALSE. Trace Flag
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Do you want to change arn/ of these values? (Y,=N) >

Product of C_NASSpremultiplied by its inverse:

I.0000000 O.0000000

0,0000000 I.0000000

Are you readyto run the model?(-YEN)>

Enter nameof results file r=RESULTS.DAT]>

>>> File already exists <<<

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

Trim test #01 completed. The trim condition was not satisfied.

Trim test #02 completed. The trim condition was not satisfied.

Trim test #03 completed. The trim condition was satisfied.

Do you want to performfourieranalysisof

sny of the resultsdata?

note: shaft toads harmonics will appear in
the shaf_ toads file.

Read in the result data item #

that you want analyzed

1 = flal_ise displacement
2 = fla_wise slope
3 = flal:_ise segment veloci_'y
4 = blade tension

5 = blade edgewise shear

6 = blade ftapuise shear
7 = blade flapuise moment
8 = blade edgeuise moment
9 =btade torsional moment

Read in th_ highest order harmonic desired

Do you want to perform fourier analysis of
any of the results data?

note: shaft Loadsha_nics will appear in
the shaft loadsfiLe.

Read in nameof shaft loads output file <
SHAFTB,DAT

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

Operations_e_J
.... ...... . ....

(R)_ in a datafile

(S)etup and run the model
(D)iagnosticnun

(T)urbul_e analysis
(Q)uit

EnterOption (R,$,DaT,Q)•
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TurbuLenceAnslys|s Run Set-up

Read tn the nameof the wind residual time series ft le
WIND-2B,DAT
Is the wind data tn metric units (meters/eec)?
y ..

Read tn the name of the fire for Loads output
turbLodb.dat

operationsMenu

(R)ead tna data f_le

(S)et up and run the n_det
(D) tagnostic run

(T)urbulence analysis
(Q)uit

Enter Option (R,SeD,T,Q) >

Invalid response. PLease try again.

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

FLAPter'minated normally.
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AnaLys|s of Wind Turb4ne B(ade Loads

Nattonal RenewabLe Energy Lab

TURBN.DAT

DATA INPUT FOR THE EXAMPLE TWOBLADED, DO_NWIND

80 FT DIAM. RIGID HUB ROTOR

ALENTH = 6.790 feet HUBHT = 80.000 feet STEPNX = 5.000 degrees

ALPHAO = -4.000 degrees HUBRAD= 2.000 feet STEPHN = 0.001 degrees

BETAO = 7.000 degrees OMEGA = 60,000 RPN TSUBP = 0.050

BLSHNK = 0.800 feet PHIAMP = 0.000 degrees TSUBO = 0.050

BLTIP = 38.000 feet PHIOM(_= 0.000 degrees/sec THETAP = 2.000 degrees

CHI = 0.000 degrees PHIO = 13.000 degrees THETAT = 4.000 degrees

CSlJBHA = 0.015 PSIZER = 20.000 degrees TRMERR= 5.000 percent

DRGFRM= 0.003 RHOAIR = 0.002 slugs/ft^3 VHUB = 33.640 feet/second

EUERR = 5.000 percent $HERXP = 0.16/,

KSHADW= 1 NBI.ADS = 2 NSHAPS = 2 NYAI_ = 0



BLade section flap displacement ( feet ) Trim Solution

Psi Time Phi Phl-D Pht-OD X / R

deg sec deg deg/s deg/s^2 .0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

0 0.00 13.0 0.00 0.00 0.00 1.86E-3 8.52E-3 2.05E'2 3.87E-2 6.48E-2 0.10 0.15 0.21 0.27 0.34
10 0.00 13.0 0.00 0.00 0.00 1.85E-3 8.52E-3 2.05E'2 3.88E-2 6.49E-2 0.10 0.15 0.21 0.27 0.34
20 0.00 13.0 0.00 0.00 0.00 2.04E-3 9.26E-3 2.22E'2 4.18E-2 6,93E-2 0.11 0.15 0.21 0.28 0.34

30 0.00 13.0 0.00 0.00 0,00 2.14E-3 9.68E-3 2.32E'2 4.36E-2 7.21E-2 0.11 0.16 0.22 0.28 0.35
40 0.00 13.0 0,00 0.00 0.00 2.06E-3 9.41E-3 2.26E'2 4.26E-2 7.11E-2 0.11 0.16 0,22 0.29 0.36
50 0.00 13.0 0.00 0.00 0.00 2.01E-3 9.25E-3 2.23E-2 4.21E-2 7,06E-2 0.tl 0.16 0.23 0.30 0.37

60 0.00 13.0 0.00 0.00 0.00 2.12E-3 9.71E-3 2.34E-2 4.40E-2 7.33E-2 0.11 0.17 0.23 0.30 0.37
70 0.00 13.0 0.00 0.00 0.00 2.23E-3 1.01E-2 2,43E'2 4.56E-2 7.55E-2 0.12 0.17 0.23 0.30 0.37
80 0.00 13.0 0.00 0.00 0.00 2.14E-3 9.75E-3 2.34E'2 4.40E-2 7.32E-2 0.11 0.16 0.23 0.30 0.37
90 0.00 13.0 0.00 0.00 0.00 1.97E-3 9.05E-3 2.18E-2 4.11E-2 6.88E-2 0.11 0.16 0.22 0.29 0.36

100 0.00 13.0 0.00 0.00 0.00 1.92E-3 8.78E-3 2.11E-2 3.98E-2 6.66E-2 0.10 0.15 0.21 0.28 0.34
110 0.00 13.0 0.00 0.00 0.00 1.93E-3 8.77E-3 2.11E'2 3.96E-2 6.56E-2 0.10 0.15 0.20 0.26 0.32
120 0.00 13.0 0.00 0.00 0.00 1.83E-3 8.30E-3 1.99E-2 3.74E-2 6.20E-2 9.51E-2 0.14 0.19 0.24 0.30
130 0.00 13.0 0.00 0.00 0.00 1.62E-3 7.41E-3 1.78E-2 3.36E-2 5.60E-2 8.68E-2 0.13 0.18 0.23 0.29

140 0.00 13.0 0.00 0.00 0.00 1.49E-3 6.84E-3 1.65E-2 3.10E-2 5.19E-2 8.07E-2 0.12 0.16 0.22 0.27
150 0.00 13.0 0.00 0.00 0.00 1.49E-3 6.77E-3 1.63E-2 3.05E-2 5.06E-2 7.79E-2 0.11 0.15 0.20 0.25
160 0.00 13.0 0.00 0.00 0.00 1.47E-3 6.63E-3 1.59E'2 2.98E-2 4.92E-2 7.51E-2 0.11 0.15 0.19 0.24
170 0.00 13.0 0.00 0.00 0.00 1.33E-3 6.05E-3 1.45E-2 2.73E-2 4.54E-2 7.01E-2 0.10 0.14 0.18 0.23

180 0.00 13.0 0.00 0.00 0,00 1.06E-3 4.95E-3 1.20E-2 2.27E-2 3.85E-2 6.10E-2 9.12E-2 0.13 0.17 0.22
190 0.00 13,0 0,00 0.00 0.00 8.53E-4 4.03E-3 9.79E-3 1.87E-2 3.20E-2 5.13E-2 7.78E-2 0,11 0.15 0.19
200 0.00 13.0 0.00 0.00 0.00 9.74E-4 4.40E-3 1.06E'2 1.98E-2 3.27E-2 4.99E-2 7.19E-2 9.81E-2 0.13 0,16

210 0.00 13.0 0.00 0.00 0.00 1.17E-3 5.14E-3 1.22E-2 2.26E-2 3,63E-2 5.33E-2 7.32E-2 9.54E-2 0.12 0.14
220 0.00 13.0 0.00 0.00 0.00 1.08E-3 4.82E-3 1.15E'2 2.15E-2 3.51E-2 5.28E-2 7.48E-2 0.10 0.13 0.16
230 0.00 13.0 0.00 0.00 0.00 9.47E-4 4.41E-3 1.07E-2 2.02E-2 3,43E-2 5.42E-2 8.09E-2 0.11 0.15 0.19

240 0.00 13.0 0,00 0,00 0,00 1,20E-3 5.52E-3 1.33E-2 2.52E-2 4.23E-2 6.63E-2 9.79E-2 0.14 0.18 0.23
250 0.00 13.0 0.00 0.00 0.00 1.66E-3 7.49E-3 1.80E-2 3.36E-2 5.53E-2 8.42E-2 0.12 0.16 0.21 0.26
260 0.00 13.0 0,00 0.00 0.00 1.89E-3 8.51E-3 2.04E-2 3.82E-2 6.30E-2 9.62E-2 0.14 0.19 0.24 0.30

270 0.00 13.0 0.00 0.00 0,00 1.83E-3 8.45E-3 2.04E-2 3.84E-2 6.45E-2 0.10 0.15 0.21 0.27 0,34
280 0.00 13.0 0.00 0.00 0,00 1.89E-3 8.75E-3 2.11E-2 4.00E-2 6.75E-2 0.11 0.16 0.22 0.29 0.37
290 0.00 13.0 0.00 0.00 0.00 2,15E-3 9.83E-3 2.37E-2 4.45E-2 7.42E-2 0.11 0.17 0.23 0.30 0.38

300 0.00 13.0 0.00 0,00 0.00 2.30E-3 1.04E-2 2.50E'2 4.70E-2 7.7"7E-2 0,12 0.17 0.24 0.31 0.38
310 0.00 13.0 0.00 0.00 0.00 2.15E-3 9,81E-3 2.36E-2 4.45E-2 7.41E-2 0.11 0.17 0.23 0.30 0.38
320 0.00 13.0 0.00 0.00 0.00 1.95E-3 9.01E-3 2.17E'2 4.11E-2 6.92E-2 0.11 0.16 0.22 0.30 0.37

330 0.00 13,0 0.00 0.00 0.00 1,98E-3 9.08E-3 2.19E'2 4,12E-2 6.90E-2 0,11 0.16 0,22 0.29 0.36
340 0.00 13.0 0.00 0.00 0.00 2.10E-3 9.50E-3 2.28E'2 4.28E-2 7.07E-2 0.11 0.16 0,21 0.28 0.34
350 0.00 13.0 0.00 0.00 0.00 2.03E-3 9.22E-3 2.21E-2 4.15E_2 6.88E-2 0.11 0.15 0.21 0.27 0.34

360 0.00 13.0 0.00 0.00 0.00 1.86E-3 8.52E-3 2.05E'2 3.87E-2 6.48E-2 0.10 0.15 0,21 0.27 0.34

B-?



Btade section fl.ap_ise sl,ope ( feet/foot ) Trim SoLution

Psi Time Phi Phi-D Phi-DD X / R
..o...o .... ...._... ..... ........ ....... .°...=...... .... ........................................................ ...... .....=... .... .

deg sec deg cleg/s deg/s^2 .0 .1 .2 .3 .4 .5 ,6 .7 .8 .9 1.0

....... ......... ...............................,...................... ..... ,.......................... .... ..... .... .. ....... .... ....

0 0.00 13.0 0.00 0.00 0.00 1.08E-3 2.44E-3 3.91E-3 5.73E-3 8.10E-3 1.10E'2 1.39E-2 1.63E'2 1.76,"-2 1.79E-2
10 0.00 13.0 0.00 0.00 0.00 1.08E-3 2.4_E-3 3.92E-3 5.75E-3 8.14E-3 1.10E-2 1,40E-2 1.65E-2 1,78E-2 1.81E-2

20 0.00 13.0 0.00 0.00 0,00 1.1TE-3 2.64E-3 4.?.3E-3 6.11E-3 8.46E-3 1,12E-2 1.40E-2 1.62E-2 1.74E-2 1.77E'2
30 0.00 13.0 0.00 0,00 0.00 1.?,3E-3 2,76E-3 4.41E-3 6.35E-3 8.73E-3 1.15E-2 1.42E-2 1.64E-2 1.76E'2 1.79E-2
40 0.00 13.0 0.00 0.00 0.00 1.!9E-3 2.69E-3 4.31E-3 6.28E-3 8.BOE-3 1.18E-2 1.48E-2 1.73E-2 1.87E-2 1.90E-2
50 0.00 13.0 0,00 0.00 0.00 1.17E-3 2.65E'3 4.26E-3 6.25E-3 8.87E-3 1.21E-2 1.53E-2 1.80E-2 1.95E'2 1.98E-2
60 0.00 13.0 0.00 0.00 0.00 1.23E-3 2.78E-3 4.45E-3 6.48E-3 9.08E-3 1.22E-2 1.53E-2 1.79E-2 1.93E-2 1.96E-2

70 0.00 13.0 0.00 0.00 0,00 1,28E-3 2.88E-3 4.61E-3 6.66E-3 9.19E-3 1.Z1E-2 1.51E-2 1.75E'2 1,88E-2 1.90E-2
80 0.00 13.0 0.00 0.00 0.00 1.24E-3 2.78E-3 4,46E-3 6.46E-3 8.99E-3 1.20E-2 1.50E-2 1.74E-2 1.88E-2 1.90E-2
90 0.00 13,0 0.00 0.00 0.00 1.15E-3 2,59E-3 4.16E-3 6.09E-3 8.61E'3 1.16E-2 1.68E-2 1.73E'2 1.87E'2 1.90E'2

100 0.00 13.0 0.00 0.00 0.00 1.11E-3 2.51E-3 4.03E-3 5.89E-3 8.29E-3 1.12E..2 1.41E-2 1.65E'2 1.78E'2 1.81E'2

110 0.00 13.0 0.00 0.00 0.00 1.11E-3 2.50E-3 4.00E-3 5.78E-3 8.00E-3 1.06E-2 1.32E-2 1.5ZE'2 1.64E-2 1.66E-2
120 0.00 13.0 0.00 0,00 0.00 1,05E-3 2.37E-3 3.79E-3 5.46E-3 7.53E-3 9,93E-3 1.23E-2 1.43E'2 1.53E-2 1.55E'2
130 0.00 13,0 0.00 0.00 0.00 9.39E-4 2.12E-3 3.40E-3 4.95E-3 6.94E-3 9.31E-3 1.17E-2 1.37E'.2 1.48E-2 1.50E-2

140 0.00 13.0 0.00 0.00 0,00 8.67E-4 1.96E-3 3,14E-3 4.59E-3 6.47E-3 8.72E-3 1.10E-2 1.29E'2 1.40E-2 1.42E-2
150 0.00 13.0 0,00 0.00 0.00 8,58E-4 1JiT3E-3 3.09E-3 4.47E-3 6.18E-3 8.18E-3 1.02E-2 1.18E-2 1.27E-2 1.29E-2
160 0.00 13.0 0.00 0,00 0.00 8.41E-4 1,89E-3 3,01E-3 4.33E-3 5.93E-3 7.75E-3 9.56E-3 1.10E-2 1.18E-2 1.20E-2

170 0.00 13.0 0.00 0.00 0,00 7.67E-4 1,73E-3 2.76E-3 4.01E-3 5.58E-3 7.42E-3 9.30E-3 1.06E-2 1.16E-2 1.18E-2
180 0,00 15.0 0.00 0.00 0.00 6.27E-4 1.43E-3 2.30E-3 3.42E-3 4.97E-3 6.91E-3 8.95E-3 1.06E-2 1.16E-2 1.18E-2
190 0.00 13.0 0.00 0.00 0.00 5.10E-4 1.17E-3 1.88E-3 2.BSE-3 4.23E-3 6.00E-3 7.89E-3 9.47E-3 1.04E-2 1.05E-2
200 0.00 13.0 0.00 0.00 0.00 5.58E-4 1.25E-3 2.00E-3 2.88E-3 3.94E-3 5.16E-3 6.37E-3 7.34E'3 7.87E-3 7.97E-3

210 0.00 13.0 0.00 0,00 0.00 6.54E-4 1.45E-3 2.29E-3 3.17E-3 4.04E-3 4.87E-3 5.58E-3 6.09E-3 6.35E-3 6.39E-3
220 0.00 13.0 0.00 0.00 0.00 6.11E-4 1.37E-3 2.18E-3 3,08E-3 4,11E-3 5.23E-3 6.31E-3 7.15E-3 7.60E-3 7.68E-3
230 0.00 13.0 0,00 0.00 0,00 5.59E-4 1.27E-3 2.04E-3 3.1:)4E-3 4.41E-3 6.12E-3 7.92E-3 9.40E-3 1.02E-2 1.04E-2

240 0.00 13.0 0.00 0.00 0.00 7.00E-4 1.58E-3 2.55E-3 3.75E-3 5.35E-3 7.30E-3 9.33E-3 1.10E-2 1.19E'2 1.21E-2
250 0.00 13.0 0.00 0.00 0.00 9.51E-4 2.13E-3 3.40E-3 4.87E-3 6.62E-3 8.60E-3 1.06E-2 1.21E-2 1,29E-2 1.31E-2
260 0.00 13.0 0.00 0.00 0.00 1.08E-3 2.42E-3 3.87E-3 5.55E-3 7.58E-3 9.90E-3 1.22E-2 1.40E-2 1.50E-2 1.52E-2
270 0.00 13.0 0.00 0.00 0.00 1.07E-3 2.42E-3 3,89E-3 5.71E-3 8,12E-3 1.10E-2 1.41E-2 1.65E-2 1.79E-2 1.82E-2

280 0.00 13.0 0.00 0.00 0.00 1.11E-3 2.51E-3 4.04E-3 5,99E-3 8.62E-3 1,19E-2 1.53E-2 1.81E-2 1.96E-2 1J;_E-2
290 0.00 13.0 0.00 0.00 0.00 1.25E-3 2.81E-3 4.50E-3 6,56E-3 9.19E-3 1.23E-2 1.55E-2 1.81E-2 1.95E-2 1.98E-2
300 0.00 13.0 0.00 0.00 0.00 1.32E-3 2.97E-3 4,75E-3 6,85E-3 9.43E-3 1.24E-2 1.54E-2 1.78E-2 1.91E-2 1.94E-2
310 0.00 13.0 0.00 0.00 0.00 1.24E-3 2.81E-3 4.50E-3 6,55E-3 9.18E-3 1.23E-2 1.55E-2 1.81E-2 1.95E-2 1.98E.-2

320 0.00 13.0 0.00 0.00 0.00 1.14E-3 2.59E-3 4.15E-3 6.13E-3 8.78E-3 1.20E-_ 1,54E-Z 1.82E-Z 1,97E-2 2.00E-2
330 0.00 13.0 0.00 0.00 0.00 1,15E-3 2.60E-3 4.17E-3 6.10E-3 8.61E-3 1.16E-2 1.47E-2 1.73E-2 1.87E-2 1.89E-2

340 0.00 13,0 0.00 0.00 0.00 1.21E-3 2.71E-3 4.33E-3 6.23E-3 8,57E-3 1.13E-2 1.39E-Z 1.61E-2 1.73E-2 1.75E-2
350 0.00 13.0 0.00 0.00 0.00 1.17E-3 2.63E-3 4.20E-3 6.06E-3 8.36E-3 1.10E-2 1.37E-2 1.58E-2 1.7'0E-2 1.7"2E-2
360 0.00 13.0 0.00 0.00 0.00 1.08E-3 2.44E-3 3.91E-3 5,73E-3 8.10E-3 1.10E-2 1.39E-2 1,63E-2 1,76E-2 1.79E-2



BL_de section flap velocity ( feet/second ) Tr_m sotutton

Psi T_me Ph_ Phi-D Ph_-DD X / R
......... ............................ ..... ... ...... ................................... .... .. .... ......................... ..... = .....

deg sec deg deg/s deg/s^2 .0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0
......=.._.=..... .... ..... ..... =............ ..... ............................,...................................................,,..

0 0.00 13,0 0.00 0,00 0.00 -4.54E-3 -I.76E-2 -4.04E-2 -7.00E-2 -9.67E-2 -0.11 -9.03E-2 -4.29E-2 2.79E,2 0.11
10 0.00 13.0 0.00 0.00 0.00 4.45E'3 1.78E-2 4.15E-2 7.33E-2 0.11 0.13 0.14 0.13 0.10 6.67E-2
20 0.00 13.0 0.00 0.00 0.00 6.69E-3 2.70E-2 6.28E-2 0.11 0.16 0.20 0.22 0.21 0.18 0.14

30 0.00 13.0 0.00 0.00 0.00 -2.04E'4 5.25E-4 2.13E-3 6.76E-3 2.05E-2 5.15E'2 0.11 0.18 0.28 0.38
40 0.00 13,0 0.00 0.00 0.00 -3.86E-3 -1.37E-2 -3.06E-2 ":5.01E-2 -5.85E-2 -3.72E'2 2.G3E-2 0.14 0.29 0.45
50 0.00 13.0 0.00 0.00 0.00 1.38E'3 6.20E-3 1.49E-2 2.78E-2 4.58E'2 6.97E'2 0.10 0.14 0.18 0.22
60 0.00 13.0 0.00 0.00 0.00 5.52E'3 2.16E'2 4.99E-2 8.71E-2 0.12 0.14 0.13 8.81E-2 1.99E-2 "5.90E-2

70 0.00 13.0 0.00 0.00 0.00 5.85E-4 1.83E-3 3.91E-3 5.77E-3 4.29E-3 -4.69E'3 -2.44E'2 -5.55E-2 -9.50E-2 -0.14
80 0.00 13.0 0.00 0.00 0.00 -6.01E-3 -2.44E-2 -5.69E-2 -0.10 -0.15 -0.19 -0.21 *0.22 -0.20 -0.18
90 0.00 13.0 0.00 O.OLI 0.00 -4.68E-3 -1.99E-2 "4.71E'2 "8.59E-2 "0.13 "0.19 -0.24 -0.30 -0.35 -0.41

100 0.00 13.0 0.00 0.00 0.00 3.94E-4 -8.36E-4 -3.57E-3 -1.17E-2 .-3.63E-2 -9.18E-2 -0.19 -0.33 -0.50 -0.69
110 0.00 13.0 0.00 0.00 0.00 -6.87E-4 -5.37E-3 -1.42E-2 -3.10E-2 -6.59E-2 -0.13 -0.24 -0.39 -0.57 -0.76
120 0.00 13.0 0.00 0.00 0.00 -6.58E'3 -2.83E-2 -6.70E-2 -0.12 -0.19 -0.28 -0.37 -0.46 -0.55 -0.65

130 0.00 13.0 0.00 0.00 0.00 -7.12E-3 -3.03E-2 -7.16E.2 -0.13 -0.20 ,0.28 -0.37 -0.45 -0.53 -0.61
140 0.00 13.0 0.00 0.00 0.00 -1.83E-3 -9.58E-3 -2.38E-2 -4.70E-2 -8.62E-2 -0.15 -0.24 -0.37 -0.52 -0.67
150 0.00 13.0 0.00 0.00 0.00 5.66E-4 7.79E-5 -1.30E-3 -7.19E-3 -2.79E-2 -7.71E-2 -0.17 -0.29 -0.45 -0.62
160 0.00 13.0 0.00 0.00 0.00 -2.84E-3 -1.26E'2 -3.01E-2 -5.59E-2 -9.08E-2 -0.14 -0.19 -0.25 -0.32 -0.39

170 0,00 13.0 0,00 0,00 0,00 "7,40E'3 -3,02E-2 -7,07E-2 -0,13 -0,19 -0,24 -0,28 -0,29 -0,29 -0,28
180 0,00 13,0 0,00 0,00 0,00 -1,06E-2 -4,42E-2 -0,10 -0,19 -0,29 -0,39 -0,49 -0,57 -0.63 -0,69
190 0,00 13,0 0,00 0,00 0,00 -2,1"/'E-3 -1,2TE-2 "3,21E-2 -6,56E-2 -0,13 -0,23 -0.40 -0,62 -0,89 -1.2

200 0.00 13,0 0,00 0,00 0,00 9,03E-3 3,25E-2 7,30E-2 0,12 0,15 0,11 -2.89E-2 *0,27 -0.58 -0,93
210 0,00 13,0 0,00 0,00 0,00 2,32E-3 9,21E-3 2,13E-2 3,75E-2 5,35E-2 6,40E'2 6.40E-2 5,21E-2 3,08E-2 5.57E-3
220 0,00 13,0 0,00 0,00 0,00 -7,17E'3 -2,50E-2 -5,56E-2 -9,00E-2 -0,10 -5,19E'2 8,63E-2 0,32 0.62 0,96
230 0.00 13.0 0.00 0.00 0.00 1.11E-3 8.94E-3 2.38E-2 5.21E-2 0.11 0.22 0.41 0.66 0.97 1.3

240 0,00 13,0 0,00 0,00 0,00 1,57E'2 6.62E-2 0,16 0,28 (_./+4 0,61 0,78 0.94 1,1 1,2
250 0,00 13,0 0,00 0,00 0,00 1,45E-2 6,18E-2 0,15 0,27 0,42 0,59 0,78 0,96 1,1 1,3
260 0,00 13,0 0,00 0,00 0,00 1,37E-3 1,07E-2 2.84E-2 6,20E-2 0,13 0,26 0,48 0,78 1,1 1,5

270 0.00 13.0 0.00 0.00 0.00 -2.21E-3 -4.25E-3 -6.76E-3 -1.61E-3 3._>E-2 0.15 0.32 0.59 0.93 1.3
280 0,00 1_;,0 0,00 0,00 0,00 6,78E-3 2,90E-2 6.88E-2 0,13 0,20 0,28 0,37 0,46 0,55 0,64

290 0.00 13.0 n.O0 0.00 0.00 9.83E-3 3.93E-2 9.13E-2 0.16 0.23 0.28 0.30 0.27 0.20 0.12
300 0.00 13.0 0.00 0.00 0.00 -4.Z:3E-4 -1.71E-3 -3.97E-3 -7.04E-3 -1.03E-2 -1.29E-2 -1.40E-2 -1.35E-2 -1.17E-2 -9.23E-3
310 0,00 13,0 0,00 0,00 0,00 -8,76E'3 -3.49E-2 -8,10E-2 -0.14 -0,21 -0,25 -0.26 -0,22 -0.16 -7,80E-2
320 0,00 13,0 0,00 0,00 0,00 -3,50E-3 -1,51E-2 -3,59E-2 -6,58E-2 -0,10 -0,15 -0,20 -0,25 -0,31 -0.37

330 0.00 13.0 0.00 0.00 0.00 4.64E-3 1.63E-2 3.63E-2 5.89E-2 6.69E-2 3.71E-2 -4.89E-2 -0.20 -0.39 -0.60
340 0,00 13,0 0,00 0,00 0,00 1,84E'3 5,78E-3 1.24E-2 1,82E-2 1,36E-2 -1,46E-2 -7,66E-2 -0,17 -0,30 -0,43
350 0,00 13,0 0,00 0,00 0,00 -6,01E'3 -2,40E-2 -5,57E-2 -9,82E-2 -0,14 -0.17 -0,18 -0.16 -0,11 -6,09E..2

360 0,00 13,0 0,00 0,00 0,00 -4,58E-3 -1,77E-2 -4.08E-2 -7,07E-2 -9,76E-2 "0,11 -9,14E-2 -4,39E-2 2,72E-2 0.11



Blade tension ( Lb ) Trtm Solution

Ps| Time Ph_ Phi-D Ph_-DD X / R

deg sec deg deg/s deg/s^2 .0 ,1 .2 .3 ,4 .5 .6 ,7 ,8 .9 1.0

0 0.00 13.0 0.00 0.00 1.52E+4 1,46E+4 1.33E+4 1.17E+4 9.88E+3 8.12E+3 6.54E+3 5,23E+3 4.07E+3 3,00E+3 0.00

10 0,00 13.0 0.00 0.00 1.52E.4 1.46E+4 1°33E+4 1,17E+4 9.88E+3 8.12E+3 6.54E+3 5.23E;3 4.07£+3 3.00E+3 0.00
20 0.00 13,0 0.00 0.00 1.53E+4 1.46E+4 1,33E+4 1.1TE+4 9.90E+3 8.14E+3 6,55E+3 5.23E+3 4.08E+3 3,01E+3 0.00
30 0.00 13.0 0.00 0°00 1,53E+& 1,&6E+& 1.34E+4 1.17E+4 9.92E+3 8.15E+3 6.56E+3 5.24E+3 4.08E+3 3.01E+3 0.00
40 0,00 13.0 0.00 0.00 1°54E.4 1,47E.4 1.34E+4 1.18E+4 9,95E+3 8.17E+3 6.57_+3 5.26E+3 4.09E+3 3.02E+3 0.00

50 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 6.59E+3 5.27E+3 4.10E+3 3,03E+3 0.00
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 3.04E+3 0.00
70 0.00 13.0 0.00 0.00 1.58E+4 1.50E+4 1.36E+4 1.19E+4 1.01E+4 8.27£+3 6.64E+3 5.31E+3 4.13E+3 3.05E+3 0.00

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 3.06E+3 0.00
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 3,07E+3 0,00

100 0,00 13,0 0,00 0,00 1,62E+4 1,53E+4 1,39E+4 1,21E+4 1,02E+4 6,38E+3 6,73E+3 5,37E+3 4,18E+3 3,08E+3 0.00
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 3.09E+3 0.00

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 4,21E+3 3,10E+3 0,00
130 0.00 13,0 0,00 0,00 1,66E+4 1,57E+4 1,41E+4 1,23E+4 1,04E+4 8,49E+3 6,80E+3 5,43E+3 4,22E+3 3,11E+3 0,00
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 5,4_E+3 4,?.3E+3 3,12E+3 0,00

150 0.00 13.0 0,00 0.00 1.68E+4 1.58E+4 1.43E+4 1.24E+4 1.04E+4 8.54E+3 6.84E+3 5.45E+3 4,24E+3 3.12E+3 0.00
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 4.25E+3 3,13E+3 0.00
170 0.00 13,0 0.00 0.00 1.6c;E+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 3.13E+3 0,00
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 3.13E+3 0.00

190 0.00 13.0 0.00 0.00 1.69E+4 1,59E+4 1,43E+4 1.25E+4 1.05E+4 6.56E+3 6.86E.3 5.47E+3 4.25E+3 3.13E+3 0.00
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 3.13E+3 0.00
210 0.00 13.0 0.00 0,00 1.68E+4 1.58E+4 1.43E+4 1.24E+4 1.04E+4 8.54E+3 6.84E+3 5,45E+3 4.24E+3 3.12E+3 0.00

220 0.00 13.0 0.00 0.00 1.67E+4 1,58E+4 1°42E+4 1.24E+4 1,04E+4 8.52E+3 6.83E+3 5,44E+3 4.23E+3 3,12E+3 0.00
230 0.00 13.0 0.00 0.00 1.(_E+4 1.57E+4 1.41E+4 1.23E+4 1.04E+4 8.49E+3 6.81E+3 5.43E+3 4,22E+3 3.11E+3 0.00
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 3.10E+3 0.00
250 0.00 13.0 0.00 0.00 1.64E+4 1.55E+4 1.40E+4 1.22E+4 1.03E+4 8o42E+3 6.76E+3 5.39E+3 4.19E+3 3.09E+3 0.00

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 3.08E+3 0.00
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+5 6,70E+3 5,35E+3 4.16E+3 3,07E+3 Q.O0
280 0.00 13.0 0.00 0.00 1.59E+4 1o51E+4 1.37E+4 1.20E+4 1.01E+4 8.31E+3 6.67E.3 5.33E+3 4.15E+3 3.06E+3 0.00

290 0.00 13.0 0.00 O.OO 1.58E+4 1.50E+4 1.36E+4 1.19E+4 1.01E+4 8.27E+3 6.64E+3 5.31E.3 4.13E+3 3.05E+3 0.00
300 0.00 13.0 0.00 0.00 1.57E+4 1.49E+4 1,35E.4 1.19E+4 1.00E+4 8.23E+3 6.62E+3 5.29E+3 4,12E+3 3.04E+3 0.00

310 0,00 13.0 0.00 0,00 1,55E+4 1,48E+4 1,35E+4 !,18E+4 9,99E+3 8,20E+3 6,59E+3 5,2TE+3 4,10E+3 3,03E+3 0,00
320 0,00 13,0 0,00 0,00 1,54E+4 1,47£+4 1,34E+4 1.18E+4 9,95E+3 8,17E+3 6,57E+3 5,25E+3 4,09E+3 3,02E+3 0,00
530 0.00 13.0 Q.O0 0.00 1.53E+4 1.46E+4 1.33E+4 1.17E+4 9.92E+3 8.15E+3 6,56E+3 5.24E+3 4,08E+3 3.01E+3 0.00

340 0.00 13.0 Q.O0 0.00 1.53E+4 1.46E.4 1,33E+4 1,17E+4 9,_;K]E+3 8.13E+3 6,54E.3 5.?.3E.3 4.08E+3 3.01E+3 0.00
350 0.00 13.0 0.00 0,00 1.52E+4 1.46E+4 1.33E+4 1.17E+4 9.88E+3 8.12E+3 6.54E+3 5.23E+3 4.07E+3 3.00E+3 0.00
360 0.00 13.0 0.00 0.00 1.52E+4 1.46E+4 1,33E+4 1.17£+4 9.68E+3 8.12E+3 6.54E+3 5.23E+3 4.07£+3 3.00E+3 0.00
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Blade edgewise shear ( Lb ) Trim Solution

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

deg sec deg deg/s deg/s^2 ,0 .1 .2 .3 .4 .5 .6 .7 .8 ,9 1,0
........................ .... ......... ......... ......................... ..... ............. ..... . ........ ........ ..... ................

0 0.00 13.0 0.00 0.00 3.29E+2 3.19E+2 2.99E+2 2.70E+2 2.34E+2 1,93E+2 1,52E+2 1.14E+2 77. 42, 0,00
10 0.00 13.0 0.00 0.00 4.76E+2 4.34E+2 3.88E+2 3.37E+2 2.846+2 2,30E+2 1.79E+2 1.34E;,2 92. 53. 0.00

20 0.00 13.0 0.00 0.00 6.18E+2 5.46E+2 4.74E+2 4.03E+2 3.32E+2 2.65E+2 2.05E+2 1.53E+2 1.07E+2 64. 0.00
30 0o00 13.0 0.00 0.00 7.53E+2 6.53E+2 5.57E+2 4.65E+2 3.79E+2 2.99E+2 2.30E+2 1.71E+2 1.20E+2 73. 0.00
40 0.00 13.0 0.00 0,00 8,75E+2 7.48E+2 6.30E+2 5.21E+2 4.20E+2 3.29E+2 2,52E+2 1.88E+2 1.32E+2 82, 0.00

50 0.00 13.0 0.00 0,00 9.77E+2 8.28E+2 6.91E+2 5.67E+2 4.54E+2 3.54E+2 2.70E+2 2.01E+2 1.42E+2 89. 0.00
60 0,00 13,0 0,00 0,00 1.06E+3 8.92E+2 7,40E+2 6.03E+2 4.80E+2 3.73E+2 2.84E+2 2.12E+2 1.50E+2 96. 0.00
70 0.00 13.0 0.00 0.00 1.12E+3 9.40E+2 7.77E+2 6.30E+2 5.00E+2 3.87E+2 2.93E+2 2,19E+2 1,56E+2 9.97E+1 0.00

80 0.00 13.0 0.00 0.00 1.16E+3 9.68E+2 7,97E+2 6.45E+2 5.1[JE+2 3.94E+2 2.98E+2 2.23E+2 1.58E+2 1.02E+2 0.00
90 0.00 13.0 0.00 0.00 1.17E+3 9.74E+2 8.01E+2 6.47E+2 5.10E+2 3.93E+2 2.97E+2 2,22E+2 1.58E.2 1.02E+2 0.00

100 0.00 13.0 0.00 0.00 1.15E+3 g.58E+2 7.87E+2 6.35E+2 5.00E+2 3,85E+2 2,91E+2 2.17E+2 1.55E+2 1.00E+2 0.00
110 0.00 13.0 0.00 0.00 1.10E+3 9.22E+2 7.58E+2 6.11E+2 4.81E+2 3.70E+2 2,80E+2 2.09E.2 1.49E+2 96. 0.00

120 0,00 13,0 0.(}0 0,00 1.1)4E+3 8.67E+2 7,14E+2 5.77E+2 4.54E.2 3.49E+2 2.64E+2 1.97E+2 1,40E+2 90. 0,00
130 0.00 13.0 0.00 0,00 9.45E+2 7.94E+2 6,57_+2 5,32E+2 4.19£+2 3.22E+2 2._*E+2 1.81E+2 1,28E+2 83. 0.00
140 0.00 13.0 0.00 0.00 8.33E+2 7.05E+2 5.86E+2 4.76E+2 3.76E+2 2.90E+2 2.19E+2 1.63E+2 1.15E.2 74. 0.00
150 0.00 13.0 0.00 0.00 7.06E+2 6,04E+2 5.06E+2 4.14E+2 3.29E+2 2.54E+2 1.92E+2 1.43E+2 1.01E.2 63. 0.00

160 0.00 13,0 0.00 0,00 5,67E+2 4,94E+2 4.20E+2 3.47_.Z 2,78E.2 2.16E+2 1.64E+2 1,21E+2 85. 52. 0,00
170 0.00 13.0 0.00 0.00 3.93E+2 3.51E+2 3.04E+2 2.54E+2 2.04E+2 1,60E+2 1.21E+2 89. 62. 38. 0.00
180 0.00 13.0 0.00 0.00 2.18E+2 2.08E+2 1.89E+2 1.63E+2 1.33E+2 1.06E+2 81. 60. 40. 24. 0.00

190 0.00 13,0 0.00 0.00 97, 1,17_+2 1.23E+2 1.16E+2 1.02E+2 85. 67, 49. 32. 16. 0.00
200 0.00 13.0 0.00 0,00 -22. 28. 58. 71. 71. 63. 52, 38, 23, 8.7 0.00
210 0.00 13.0 0.00 0.00 -1.57E+2 -78. -24. 8.3 24. 28. Z6, 18. 7.9 -2.3 0,00

220 0.00 13.0 0.00 0.00 -2.78E+2-1.73E+2 -97, -47. -17. ..2.5 2.6 2,08E-2 -5.7 -12. 0.00
230 0.00 13.0 0.00 0.00 -3.83E+2-2.55E+2-1.61E+2 -95, -53, -29. -17. -14. -16, -20. 0.00
240 0.00 13.0 0.00 0.00 -4.67E+2 -3.22E+2 -2.12E+2 -1.34E+2 -82. -49. "31, -25. -24. -25, 0.00

250 0.00 13.0 0.00 0,00 -5.25E.2-3.66E+2-2.45E+2-1.58E+2 -98. -61. -39. -31. -28. -29. 0.00
260 0.00 13,0 0,00 0,00 -5,56E+2 -3,88E.2 -2.60E+2 -1.67E+2 -1,04E+2 -64. -41. -32. -30. -31. 0.00
270 0.00 13,0 0,00 0.00 -5.61E+2 -3.91E+2 -2.60E+2 -1.66E+2 -1.01E+2 -60. -38. -30. -28. -30. 0,00

280 0.00 13.0 0.00 0.00 -5.42E+2 -3.75E+2 -2.46E+2 -1.54E+2 -90, -51. -30. -?,3. -Z3. -27. 0,00
290 0.00 13.0 0.00 0.00 -4,97E+2 -3.38E+2 -2.16E+2 -1.29E+2 -70. -35. -17. -13. -16. -22. 0.00
300 0.00 13.0 0.00 0.00 -4.26E+2 -2.80E+2 -1.69£+2 -91, -40. -11. 0.90 0,53 -6,2 -16. 0.00

310 0.00 13.0 0.00 0.00 -3.34E+2 -2.06E+2 -1.10E+2 -44. -3.3 17. 22. 16. 5.0 -8.7 0.00
320 0.00 13.0 0.00 0.00 -2.26E+2 -1.19E+2 -42. 8.1 37. 47. 45. 34. 18. 0.31 0.00

330 0.00 13.0 0.00 0.00 -1.02E+2. -22, 34. 67. 81, 81. 70. 53. 32. 10. 0.00
340 0.00 13,0 0.00 0.00 35. 87. 1.19E+2 1.32E+2 1.31E+2 1.17E+2 97. 73. 47. 21. 0,00
350 0.00 13.0 0.00 0.00 1.81E+2 2.03E+2 2.09E+2 2,01E+2 1,83E+2 1.56E+2 1,25E+2 93, 62, 31. 0,00
360 0.00 13.0 0.00 0,00 3,29E+2 3,19E+2 2.99E+2 Z.70E+2 Z.S4E+2 1.93E+2 1.52E+2 1.14E+2 77. 42, 0.00
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BLade fLapwtse shear ( Lb ) Trtm SoLution

Psi Time Phi Ph_-D Ph4-DD X / R
........ .... ..... .... ................. .... ... .... ..................................................................................

deg sec deg deg/s deg/s^2 ,0 .1 ,2 .3 .4 ,5 .6 ,7 ,8 ,9 1.0

0 0.00 13.0 0.00 0.00 -73. 3,5 1.37E+2 2.78E+2 3.94E+2 4.54E+2 4.436+2 3,55E+2 2,03E+2 -1.2 0,00

10 0.00 13,0 0,00 0.00 -70, 5,7 1.38E+2 2.78E+2 3.94E+2 4.54E+2 4,44E+2 3.57E+2 2,06E+2 1,8 0,00
20 0.00 13.0 0.00 0.00 2.8 78. 2.06E+2 3,36E+2 4.36E+2 4.77E+2 4.50E+2 3.52E+2 1,95E+2 -10. 0,00
30 0.00 13._ 0.00 0,00 35, 1.11E.2 2.37E+2 3.64E+2 4,58E+2 4.92Ei+2 4.58E+2 3,55E+2 1,94E+2 -12. 0,00

40 0.00 13.0 0.00 0.00 -8.0 69. 2.00E+2 3,34E+2 4.39E+2 4.85E+2 4.64E+2 3,69E+2 2,12E+2 4,8 0,00
50 0,00 13.0 0.00 0.00 -38, 41. 1,75E+2 3.14E+2 4.26E+2 4.81E+2 4.69E+2 3,80E+2 2,26E+2 18. 0,00
60 0,00 13.0 0.00 0.00 4.9 86. 2.18E+2 3.51E+2 4.52E+2 4.95E+2 4.73E+2 3.77E+2 2,19E+2 10, 0,00

70 0,00 13.0 0,00 0.00 47, 't.30E+2 2,61E+2 3.88E+2 4.78E+2 5.07E+2 4.74E.2 3,70E+2 2,09E+2-0,17 0,00
80 0.00 13.0 0,00 0,00 10, 97. 2.31E+2 3,62E+2 4.59E+2 4.95E+2 4.691_+2 3.70E+2 2,12E+2 3,7 0,00
90 0.00 13.0 0.00 0,00 -56. 34. 1,741_+2 3.13E+2 4.21E+2 4.70E+2 4.58E+2 3,70E+2 2,17E+2 11. 0,00

100 0.00 13.0 0,00 0,00 -68. 26. 1.67E+2 3.06E+2 4,11E+2 4,58E+2 4,46E+2 3,58E+2 2,08E+2 4.0 0,00

110 0,00 15.0 0.00 0.00 -44. 53. 1.93E+2 3,26E+2 4.19E+2 4.55E+2 4.33E+2 3,39E+2 1,86E+2 "14, 0,00
120 0.00 13.0 0.00 0,00 -75. 26. 1.69E+2 3.03E+2 3.98E+2 4.35E+2 4.16E+2 3,25E+2 1.75E+2 -22. 0.00
130 0.00 13.0 0.00 0.00 -1,48E+2 -_. 1,04E+2 2.46E+2 3.52E+2 4.03E.2 3.98E+2 3,17E+2 1.75E+2 -19, 0,00
140 0.00 13.0 0.00 0.00 -1.86E+2 -79. 72. 2,17E+2 3,25E.2 3,81E+2 3,81E+2 3.05E+2 1.67E+2 -22. 0,00
150 0,00 13.0 0,00 0.00 -1.73E+2 -63. 87, 2.28E+2 3.28E+2 3.75E+2 3.68E+2 2.88E+2 1.50E+2 -37, 0.00

160 0.00 13.0 0,00 0.00 -1.?'3E+2 -61. 90, 2.29E+2 3.25E+2 3.686+2 3.58E+2 2.76E+2 1.37E+2 -47. 0,00
170 0,00 13.0 0.00 0,00 -2.11E+2 -96. 56, 1.95E+2 2.93E+2 3.45E+2 3.43E+2 2.69E+2 1.39E+2 -37. 0,00
180 0,00 13.0 0.00 0.00 -2,98E+2-1.81E+2 -25. 1.21E+2 2.33E+2 3,05E+2 3.21E+2 2.64E+2 1,46E+2 -22. 0,00

190 0.00 13,0 0.00 0.00 -3.73E+2-2.55E+2 -94. 63, 1.89E+2 2.74E+2 3.03E.2 2.53E+2 1.38E+2 -33, 0.00
200 0.00 13.0 0.00 0.00 -3.12E+2-1.95E+2 -37, 1.12E+2 2.22E+2 2.83E+2 2.90E+2 2.25t_.2 9,97E+1 -74. 0.00
210 0.00 13.0 0,00 0,00 -2.20E+2-1.04E+2 47. 1.82E.2 2.71E+2 3.05E+2 2.87E+2 2.04E+2 71. -1.01E+2 0.00

220 0,00 13,0 0.00 0.00 -2.72E+2-1.56E+2 -1.3 1,43E+2 2.48E+2 2.98E+2 2.94E+2 2.20E.2 91. -81, 0,00
230 0,00 13,0 0.00 0.00 -3.51E+2-2.36E+2 -75. 85. 2.13E+2 2,91t_+2 3.12E+2 2.54E+2 1.32E+2 -43. 0,00

240 0.00 13.0 0.00 0,00 -2.76E+2-1.64E+2 -6.5 1.47E+2 2.66E+2 3.32E+2 3.43E+2 2.76E+2 1.4_.2 -33_ 0.00
250 0.00 13.0 0.00 0.00 -1.19E+2 -10. 1.38E+2 2.74E+2 3.68E+2 4.02E+2 3.80E+2 2.90E+2 1,46E+2 -41. 0.00
260 0.00 13.0 0.00 0.00 -65. 40. 1.86E+2 3.21E+2 4,14E+2 4.43E+2 4.15E'+2 3.18E+2 1.67E+2 -27. 0,00
270 0,00 13.0 0.00 0.00 -1.19E+2 -16. 1.34E+2 2.82E+2 3,96E+2 4.50E+2 4.42E.2 3.57E+2 2.09E.2 9.7 0,00

280 0.00 !3.0 0.00 0.00 -1.17E.2 -17. 1.32E+2 2.83E+2 4,03E+2 4,64E+2 4.62E+2 3.80E+2 2.31E+2 27. 0.00
290 0.00 13.0 0.00 0.00 -15, 80. 2.22E+2 3.60E+2 4.61E+2 5.011_+2 4.77E+2 3.79E+2 2,21E+2 12. 0,00
300 0.00 13.0 0.00 0,00 47. 1.38E.2 2.75E+2 4.04E+2 4.95E+2 5.22E+2 4.83E+2 3.75E+2 2,10E+2-0,77 0.00

310 0.00 13.0 0.00 0.00 -12, 77. 2.15E+2 3.53E+2 4.59E+2 5.03E+2 4.79E+2 3.81E+2 2,20E+2 9.5 0,00
320 0,00 13.0 0.00 0.00 -81. 4.5 1.45E+2 2.92E+2 4.13E+2 4.76E+2 4.70E+2 3.83E+2 2,30E+2 20. 0.00
330 0.00 13.0 0.00 0.00 -51. 32. 1.68E+2 3.08E+2 4.21E+2 4.75E+2 4.61E+2 3.70E+2 2,15E+2 6.0 0.00
340 0.00 13.0 0.00 0,00 16, 95. 2.25E+2 3.55E+2 4.51E+2 4.87E+2 4,54E+2 3.5tE+2 1,91E+2 -17. 0.00

350 0,00 13.0 0,00 0,00 -2.6 75. 2.05E+2 3.36E+2 4.37E+2 4.77E+2 4.48E+2 3,47E+2 1.89E+2 -17. 0,00
360 0.00 13.0 0,00 0.00 -73. 3.9 1,37E+2 2.78E+2 3.94E+2 4.54E+2 4.43E+2 3.55E+2 2.03E+2 -1,3 0,00
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Blade fLapwtse moment ( ft-Lbs ) Trim solution

Ps( "rime Phi Phi-D Pht-DD X / R

deg sec deg degls deg/s^2 .0 .1 .2 .5 .4 .5 .6 .7 .8 .9 1.0

0 0,00 15,0 0.00 0,00 -6,45E.3-6,63E+5-6.468+3-5.82E+3-4._E+3-5.33E+3-1,_E+3-6.16_+_ 1,91F.+2 5,61_+2 0,00
10 0.00 13.0 0.00 0.00 -6.50E+5-6.67E+3-6.49E+3 ..5.851_+5-4.76i_+3-3.36L_+3-1.90E+3-6.381_+2 1.76E+2 3.54_+2 0.00

20 0.00 13.0 0.00 0.00 -7.49E+3-7.39E+3-6.95E+3-6.08E+5-4.81E+3-3.30E+3-1.80E+3-5.57B+2 2.46E+2 3.B36+2 0.00
30 0.00 15.0 0.00 0.00 -8.02E+3-7.79E+3-7.24E+3-6.26B+3-4.91E+3-3.346+3-1.80E+3-5.22E+2 2.60E+2 3.B9E+2 0.00
40 0.00 15.0 0.00 0.00 -7.60E+3-T.53E+3-7.15E+3-6.28E+3-5.02E+3-5.506+3-1.96E+3-6.58E+2 1.72E+2 3.55E.2 0.00
50 0.00 15.0 0.00 0.00 -7.33E+3-7.3_+3-7.07B+5-6.30E+3-5.10E+5-3.62E+3-2.09E+5-7.61E+2 1.05E+2 3.2_+2 0.00

60 0.00 13.0 0.00 0.00 -7.94E+3-7.82E+3-7.35E+3-6.44E+3-5.13E+3-3.58E+3 .2.02E+3-6._E+2 1.49E+2 3.45E+2 0.00
70 0.00 15.0 0.00 0.00 -8.526+3-8.23E+3-7.61E+3-6.55E+3-5.13E+3-3.5tE+3-1.95B+3-6.11E+Z 2.08E+2 3.69E+2 0.00
80 0.00 15.0 0.00 0o00 -8.03E+3-7.BBE+3-7.37E+3-6.41E+3-5.06E+3-3.50E+3-1.95E+3-6.41E+2 1.B5E.2 3.591_+2 0.00
90 0.00 13.0 0.00 0.00 -7.10E+3-7.19E+3-6.90E_3-6.13E+3-4.94E+3-3.49E+3-1.99E+3-7.00B+2 1.3BE+2 3.38E+2 0.00

100 0.00 13.0 0.00 0.00 -6.81E+3-6.94E+3-6.68E+3-5.94E+3-4,77E+3-3.35E+3-1.90E+3-6.3BB+2 1.T_E+2 3.50E+2 0.00
110 0.00 13.0 0.00 0.00 -6.95E+3-6.98E+3-6.62E+5-5.79E+3-4.57E+3-5.15E+3-1.70E+3-4.BSE+2 2.66E+2 3.B6E+2 0.00

120 0.00 13.0 0.00 0.00 -6.37E+3-6.51E+3-6.24E+3-5.49E+3-4.34E+5-2.97E+3-1.59E+3-4.19B+2 2.98_+2 3.96E.2 0.00
130 0.00 13.0 0.00 0.00 -5.25E+3-5.65E+3-5.63E+3-5.09E+3-4.12E+3-2.BSE+3-1.58E+3-_./,3E+2 2.70E)+2 3.81E+2 0.00
140 0.00 15.0 0.00 0.00 -4.5_+3-5.12E+3 .5.21B+3-4.79E+3-3.91E+3-2.75E+3-1.51B+3-4.106+2 2.816+2 3.82E.2 0.00

150 0.00 13.0 0.00 0.00 -4.58E+3 -5.07E+3 -5.116+3 -4.(_3E+3 -3.726+5 -2.56E+3 -1.346+3 -2.BBE+2 3.53E+2 4.08B+2 0.00
160 0.00 13.0 0.00 0.00 -_.46E.3 -_.94E+3 -4.9TE+3 -4.48E+3 -3.57e+3 -2.42E.3 -1.23E+3 -2.06E+2 4.00B+2 4.25E+2 0.00
170 0.00 13.0 0.00 0.00 -3.B4E+3-4.45E+3-4.60E+3-4.23E+3-3.44E+3-2.386+3-1.25E+3-2.626+Z 3.59E+2 3.BSE.2 0.00
180 0.00 15.0 0.00 0.00 -2.48E+3-3.45E+3-3.8BE+3-3.78E+3-3.236+3-2.34E+3-1.316+3-3.62E+2 2.48E.2 3.41E+2 0.00

190 0.00 13.0 0.00 0.00 -1.26_+3-2.49E+3-3.21E+3-3.33E+3-2.95E+3-2.18E+3-1.22E+3-5.006+2 2.966+2 3.70E+2 0.00
200 0.00 13.0 0.00 0.00 -1.80E+5-2.79E+3-3.296+3-3.22E+3-2.68E+3-1.83E+3-8.57E.2 7.5 5.08E+2 4.63E+2 0.00
210 0.00 15.0 0.00 0.00 -2.87E+3 -3.52E+3 -3.69E+3 -3.346+3 -2.59E+3 -1.61E+3 -6.01E+2 2.29E+2 6.53E+2 5.19_+2 0.00

220 0.00 13.0 0.00 0.00 -2.34E+3-3.18E.3-3.54E+3-3.35E+3-2.71E+3-1.79E+3-7.86E+2 75. 5.516+2 4.776+2 0.00
230 0.00 13.0 0.00 0.00 -1.64E+3-2.78E+3-3.43E+3-3.49E+3-3.02E+3 ..2.186+3-1.17B+3-2.36E+2 3.516+2 3.97_+2 D.O0
240 0.00 15.0 0.00 0.00 -3.00E+3-3.87E+3-4.26E+3-4.09E+3-3.43E+3-2.44E+3-1.32E+3-3.1_+2 3o141_+2 5.B6E+2 0.00

250 0.00 13.0 0.00 0.00 -5.4_E+3-5.7BE+3-5.59E+3-4.94E+3-3.B8E+3-2.606+3-1.32E+3-2.49E.2 3.836+2 4.19E.2 0.00
260 0.00 15.0 0.00 0.00 -6.60E+3-6.70E+3-6.3_+3-5.55I'.-+3-_.34E+3-2.92E+3-1.53E+3-5.69E+2 3.24E+2 4.00E+2 0.00
270 0.00 13.0 0.00 0.00 -6.32E+3-6.62E+3-6.49E+3-5.B56+3-4.75E+3-3.37B+3-1.93B.3-6.75B+2 1.37Ii+2 3.306+2 0.00

280 0.00 15.0 0.00 0.00 -6.58E+3 -6.89E+3 -6.77E+3 -6.14E+3 -5.03E+3 -3.62E+3 -2.13E+3 -8.18E+2 56. 3.02E+2 0.00
290 0.00 13.0 0.00 0.00 -8.00E+3-7.92E+3-7.46E+3-6.53E.3-5.18E+3-3.616+3-2.D4E+3-7.07E+2 1.43E+2 3.42E+2 0.00
300 0.00 15.0 0.00 0.00 -8.80E+3-8.50E+3-7.B3E+3-6.72E+3-5._4E+3-3.57_+3-1.9SE+3-6.106+2 2.15E+2 3.74E.2 0.00

310 0.00 13.0 0.00 0.00 -7.96E+3-7.88E+3-7.44E+3-6.53E+3-5.206+3-3.63B+3-2.04E+3-6.99E+2 1.56E+2 3.50E+2 0.00
520 0.00 13.0 0.00 0.00 -6.91F+3-7.10E+3-6.92E+3-6.256.3-5.'llE+3-5.66E+3-2.13E+3-7.92E+2 89. 3.24E+2 0.00

330 0.00 15.0 0.00 0.00 -7.10E+3-7.186+5-6.91E+3-6.16E+3 .4.97E+3-3.50E+3-1.98E+3-6.77E+2 1.62E+2 3.53B+2 0.00
340 0.00 13.0 0.00 0.00 ..7.77E+3-7.616+3-7.11E+3-6.17E.3-4.84E+3-3.29E+3-1.76E+3-4.92E+2 2.B3E+2 4.01E+2 0.00
350 0.00 13.0 0.00 0.00 -7.42E+3-7.33E.3-6.90E+3-6.03E+3 o4.76E+3-3.25E+3-1.751_+3-4.896+2 2.806+2 3.98E+2 0o00
360 0.00 13,0 0.00 0,00 -6,45E.3-6.63E+3-6._6E+3-5.82E+3-4,T3E+3-3.33E.3-1._8E+3-6.15E+2 1.92E+2 3,61E+2 0.00

Average Ftapatse Moment: -6020.B (ft-Lbs) at the 20% statton
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BlJ,de _gewlse rm_nt ( ft.LL_) TrhnsoLutlon

Pf;t Time Ph1 Pht-D Ph_-DD X / R

deg sec deg deg/a dog/s^_. ,0 ,I ,_ .3 ,4 .5 ,6 ,7 .8 ,9 I,0

0 0.00 13,0 0,00 0,00 7,10E+3 5.878+3 4.698.3 3,61E+3 2,65E+3 1,84E+3 1,18E+3 6,74E.2 3,13E+2 87, 0,00
10 0,00 13.0 0,00 0,00 9,01E+3 7,28E+3 5,721t.3 4.34E+3 3,16E+3 2.19E*3 1,41E+3 8,19E_2 3,90E+2 1,15E+2 0,00
20 0,00 13.0 0.00 0,00 1,09e+4 8,66E.3 6,7ZE+3 _,06E+3 3o66_.3 2,53E+3 1,641;+3 9,57E+2 4.64E+2 1,42E+2 0,00
30 0,00 13.0 0.00 0,00 1,;_6E+4 9.978q.3 7,67E+3 5,73E+3 4,13E+3 2,85E.3 1°84E.3 1,08e+3 5.31E+2 1,66E.2 0,00
40 0_00 13.0 0,00 0.00 1,42E+4 1,11E.4 8,52E+3 6,34B+3 4.55E+3 3,13E+3 2°03E1.3 1,20B+3 5,92E+2 1,88E+2 0,00

50 0.00 13.0 0.00 0,00 1,55E+4 1,21E+4 9_22E+3 6.84E+3 4,90E+3 3,3_.3 2°19E+3 1,30E+3 6,46E+2 2.078+2 0,00
60 0,00 13.0 0.00 0°00 1.66E+4 1.29E+4 9.78E+3 7,23E+3 _,178+3 3,56E+3 2°31E+3 1o38E.3 6,89E+2 2,23E.2 0°00
70 0,00 13.0 0,00 0.00 1,?'3E.4 1,34E+4 1.02E+4 7,51E+3 5°36E.3 3,69E+3 2.40E+3 1.43E+3 7.17E+2 2,34E+2 0°00

80 0,00 13.0 0,00 0.00 1°78E.4 1,37E+4 1.04E+4 7,65E.3 5,46E+3 3,75E+3 2.44_+3 1,49E+3 7,31E+2 2,39E+2 0,00
90 0,00 13.0 0,00 0,00 1,78E+4 1.31tE+4 1,04E+4 7,65E+3 5,4_E+3 3,741_+3 2,44E+3 1°45E+3 ?.33E+2 2.40E+2 0,00

100 0,00 13,0 0°00 0,00 1o75E+4 1.35E+4 1°02E+4 "&49E+3 5°34E.3 3°678+3 2.39E+3 1.43E+3 7,20E+2 2,36E+2 0,00

110 0,00 13.0 0,00 0,00 1.681_+4 1.30E1+4 9,80E+3 ?.21E+3 5,13E+3 3,52E+3 2,29E+3 1.37E+3 6.91E.2 2.27E+2 0,00
120 0.00 13.0 0,00 0°00 1.596+4 1.22E+4 9.24E+3 6,79E+3 4,84E+3 3.32E+3 2,16E+3 1.29E+3 6,48E+2 2.136+2 0.00
130 0,00 13,0 0,00 0,00 1,466+4 1,136+4 8,526+3 6,26E+3 4°46E+3 3.05E.3 1,98E+3 1,186+3 5.94E+2 1,94E+2 0.00

140 0.00 13.0 0.00 0.00 1,30E.4 1.01E+4 T.64E+3 5,62E+3 4.01E+3 2.74E+3 1,78E+3 1°06E+3 5,30E+2 1,73E+2 0.00
150 0.00 13.0 0.00 0,00 1°13E+4 8,TT'E+3 6.66E+3 4,91B+3 3.50E+3 2.40E+3 1,55E+3 9o20E+2 4.58E+2 1,48E+2 0.00
160 0.00 13,0 0.00 0,00 9,36E.3 7,35E+3 5,61E.3 4,15E+3 2.978.3 2o03E+3 1,31E+3 7,70E.2 3o80E+2 1.21E+2 0.00
170 0_00 13.0 0.00 0,00 6.7'7E+3 5.35E+3 4.11E+3 3,05E+3 2_18E.3 1,49E+3 9°59E+2 _,60E+2 2,74E+2 86, 0,00

180 0.00 13.0 0.00 0,00 4.24E+3 3,43E+3 2.678+3 2,00E+3 1.44E+3 9.85B.2 6,30E._ 3,64;;+2 1.75E.2 _3. 0°00
190 0.00 13.0 0.00 0.00 2,88E+3 2.478+3 2.01E+3 1,56E+3 1,141_+3 7,878+2 4.99E+2 2.79E+2 1,24E+2 32. 0.00

200 0.00 13.0 0.00 0.00 1,551!+3 1.53E+3 1.36E+3 1,11E+3 8.37E.2 5.81E+2 3.611_+2 !,,89E.2 72. 11. 0.00
210 0,00 13.0 0.00 0.00 -2,58E+2 1.82E+2 3,70E+2 3°95E+2 3,31E+2 2.30E+2 1.27_+2 44, -5,3 -16, 0°00
220 0.00 13.0 0.00 0.00 -1.85E+3-1.00E+3-4.95E+2-2.28E+2-1.11E+2 -76. -78. -85° -74. -40. 0.00

230 0°00 13.0 0.00 0.00 -3.23E+3-2.02E+3-I.24E+3-7.58E+2-4.80E+2-3.278+2-2.42E+2,1.85E+2.I°27E+2 -59. 0.00

240 0.00 13.0 0.00 0,00 -4.31E+3 .2.82E+3 -1.81E+3 -1,16E+3 -?.56E+2 -5.11E+2 -3.61E+2 -2.5'/'E+2 -1.66E+2 -73. 0.00
250 0.00 13.0 0.00 0.00 -4.99E+3 -3.31E+3 -2.16E+3 -1.40E+3 -9.18E+2 -6,20E+2 -4,33E+2 -3,02E.2 -1°91E+2 -83. 0.00
260 0,00 13.0 0.00 0,00 -5,28E+3-3.50E+3-2.28E+3-1,48E+3-9.66E+2-6.53E+2-4,578.2-3,21E+2-2.03E.I.2 -88. 0.00
270 0°00 13.0 0.00 0.00 -5.24E+3 -3,44E+3 -2.22E+3 -1,41E+3 -9.15E+2 -6,14E+2 -4.32E+2 -3.07E+2 -1.98E+2 -88. 0.00

280 0.00 13,0 0.00 0.00 -4.88E+_ -3.15E+3 -1°98E+3 -1.23E+3 -7.72E+2 -5,09E+2 -3,59E+2 -2.62E+2 -1,76E+2 -81, 0,00
290 0.00 13.0 0.00 0.00 -4.17E+3-2.60E+3-1.55E+3-9.06E+2-5.35E+2-3.41E+2-2.47E+2-1.94E+_-1.41E+2 -70. 0.00

300 0.00 13.0 0.00 0.00 _3.12E+3-1.79E+3-9.41E+2-4.54E+2-2.11E+2-1.19E+2-I.03E+2-1.08E.2 -98. -56. 0.00

310 0.00 13.0 0.00 0.00 -1.80E+3 -7,878+2 -1.95E+2 92. 1,78E+2 1.478+2 71. -4,0 -45. -38, 0.00
320 0.00 13.0 0.00 0.00 -3.06E+2 3.42E+2 6.42E+2 7.01E+2 6.11E+2 4.478+2 2.69E+2 1.18E+2 19. -16. 0.00

330 0°00 13°0 0.00 0°00 1,378.3 1.59E+3 1.57E+3 1.378+3 1.08E+3 7.73E+2 4.85E+2 2.51E+2 89. 8.2 0.00
340 0°00 13.0 0.00 0.00 3.21E+3 2.978+3 2.57E+3 2.09E+3 1.59E+3 1.12E+3 7.11E.2 3.89E+2 1.62E+2 34. 0.00

350 0,00 13.0 0.00 0.00 5°15E+3 4.42E+3 3.63E+3 2,85E+3 2.12E+3 1.48E+3 9,43E+2 5,29E+2 2.36E+2 60, 0.00

360 0.00 13.0 0.00 0.00 7,10E+3 5.87E+3 4°69E+3 3.61E+3 2.65E+3 1.84E+3 1,18E+3 6.74E+2 3.13E+2 87. 0°00
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BLade torsion ( f_.Lbs ) Tr_mooLutton

Psi Ttn_ Ph} Pht-D Pht.OD X _ R

deg seo deg deg/s deg/s^2 .0 ,1 ,2 .3 ,4 .5 ,6 .7 ,8 ,9 1,0

0 0.00 13.0 0,00 0.00 -16. -15, "14, -'11, -8,0 -4.4 -0.82 2,2 3,8 3.2 0,00

10 0.00 13,0 0.00 0.00 -2_. -24, "22. -i8, -14. -9.2 "4.4 -0.27 2.4 2,7 0.00
20 _.00 13,0 0.00 0.00 -35. -34. -30. -26. -20. -14. "7,6 .2.3 1.3 2.3 0,00
30 0.00 13.0 0,00 0.00 -44. -43, .39. -33. -26. -18, -11, -4,5 7,61E-2 1.9 0.00

40 0,00 13.0 0.00 0.00 -53. -51. -47. -40. -32, -24. -15. -7.4 -1.5 1.3 0.00
50 0,00 13.0 0.00 0.00 -60. -58. -53. -46. -3S. -2B. "19. -9.9 .3.0 0.78 0.00
60 0,00 13,0 0.00 0,00 .66. .65. "59. -51, -41. -31. -21, -11. -3.6 0.56 0.00

70 0,00 13.0 0.00 0.00 -71. -68. -62. -53, :43. -32. -21. -11. -3.7 0.51 0,00
BO 0.00 13.0 0,00 0.00 -70, -68. -62. -53. -43. -32. -21. -12. -3,9 0.45 0,00
90 0.00 13,0 0.00 0.00 .66. -65. -59. -51. .41. -31, "21, "11, -3.8 0.47 0.00

100 0.00 13,0 0,00 0,00 -61. -59, -54. -46, -37. -28. -18. -9.5 -2.8 0.80 0.00
110 0.00 13.0 0.00 0.00 -54. -52, -47, .40. -31. -23. -14. -6.B -1.3 1.3 0.00
120 0.00 15.0 0.00 0.00 -45. -43. -39. -32, -25. -17. "10. -4.2 0.14 1.8 0.00

130 0.00 13.0 0.00 0,00 -34. -33. -29, -24. -18. -12. -6.7 -1.9 1.4 2,3 0.00

140 0.00 13.0 0.00 0.00 -24. -23. -20. -1C. -12, -7.0 -2.8 0.70 2.8 2.8 0.00
150 0.00 13.0 0,00 0.00 -15, -14. -12. -8. T -5.1 -1.6 1.4 3.5 4.3 3.3 0.00
160 0.00 13.0 0,00 0.00 -6.7 -6,1 -4.3 -1.9 0.69 3.1 4.9 6.0 5.7 3.8 0.00

170 0.00 13.0 0.00 0.00 3.6 3.9 4.9 6.2 7.4 B.3 8.7 8.4 7.0 4.2 0.00

180 0.00 13.0 0.00 0.00 13. 13. 13. 14. 13, 13, 12. 11. 8,1 4.6 0.00

190 0.00 13.0 0.00 0.00 lB. 18. 18. 17. 17. 15. 14. 12. 8.B 4.9 0.00
200 0.00 13.0 0.00 0.00 21. 21. 21. 20. 19. t8. 16. 13. 9.5 5.1 0,00
210 0,00 13.0 0.00 0,00 25. 25. 24. 23. 22. 20, 17, 14. 10. 5.3 0.00
220 0,00 13.0 0.00 0.00 29. 28. 27, 26. 24. 21, 18. 15. 11. 5.5 0.00

230 0,00 13.0 0.00 0.00 32, 3'1, 30. 28. 26. 23. 20. 16. 11, 5.8 0.00
240 0.00 13.0 0.00 0.00 36. 35. 34. 31. 28° 25. 21. 17. 12. 6.0 0.00
250 0,00 13.0 0.00 0.00 40. 39, 37. 34. 31. 27, 22. 18. 12. 6.2 0.00
260 0.00 13.0 0.00 0.00 43. 42. 39. 36. 32. 2B. 23, 1B, 13. 6.4 0.00

270 0.00 13.0 0.00 0.00 43° 42. 40, 36. 33. 28. 24. 19. 13. 6.6 0.00
280 0.00 13.0 0.00 0.00 42. 41. 3B. 35. 31, 27. 23. 18. 13. 6.6 0.00
Z90 0.00 13.0 0,00 0.00 39. 38. 35, 32. 28. 25. 21, 17. 12. 6.3 0.00

300 0.00 13.0 0.00 0.00 33. 32. 30. 27. 24. 21. 19. 15. 11. 6.0 0.00
310 0.00 13.0 0.00 0.00 25. 25. 23. 21. 19. 18. 16, 13. 10. 5.6 0.00

320 0.00 13.0 0.00 0.00 17, 17. 16. 15. 14° 13. 12. 11. 9,0 5.2 0.00
330 0.00 13.0 0,00 0.00 9.2 9.0 8.7 8,5 8.6 8.8 9.1 8.9 7.6 4.7 0,00
340 0,00 13.0 0,00 0.00 0.72 0.75 1.2 2.0 3.2 4.7 6.1 6.9 6.5 4.2 0.00

350 0.00 13.0 0.00 0,00 -7.7 -7.4 -6.3 -4.5 _2.2 0.41 2.9 4.B 5,3 3.8 0.00
360 0.00 13.0 0.00 0,00 -16. -15, -14. -11, -8.0 -4.4 -0.81 2.2 3.8 3.2 0.00
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BLade fLapw{se mnmentexpansIon ooeffia{ents Tr{m SolUtton

×/R

.0 .1 ,2 .3 .4 .5 .6 ,7 .8 ,9 1,

AO= -5.89E+3 -6.16E+3 -6.02=+3 -5.39E+3 -4.33E+3 -3.01E+3 -1.65E_'3 -4,73E+2 2.60E+2 3,79E+2 0o00
BO= 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Al= -2.46E+3 -2.00E+3 -1.62E+3 -1.29E+3 -9.83E+2 -6.88E+2 -4,41E+2 -2.50E+2 -1.13E+2 -29. 0.00
Bl= -7,25E+2 -5.68E+2 -4.37E+2 -3.29E+2 -2.40E+2 -1.67E+2 -1.09E+2 -63. -29. -7.8 0.00

A2= 1.14E+3 9.54E+2 7,77E+2 6.09E+2 4.51E+2 3.16E+2 2.08E+2 1.23E+2 61. 19. 0,00
B2= 7.40E+2 6.26E+2 5.17E+2 4.15E+2 3.20E+2 2.34E+2 1.59E+2 98. 49, 15. 0.00

A3= 3.60E+2 3.11E+2 2.64E+2 2.216+2 1.82E+2 1.456+2 1.10E+2 77, 46. 18. 0.00
_5= -3.51E+2 -2.94E+2 -2.40E+2 -1.90E+2 -1.45E+2 -1.06E+2 -75. -50. -30. -12. 0.00

A4= -1.03E+2 -93. -84. -77. -70. -63. -54. -43, -29. -13. 0.00
B4= 59. 49, 39. 31, 23. 17. 12. 9.1 6.3 3.2 0.00

AS= -3.3 7.2 17. 27, 36. 41. 40. 35, 25. 12. 0.00

B5= -24. -19. -15. -10. -7,0 -4.5 -3.0 -2,3 -2.0 -1.3 0.00

A6= 76, 49. 24, 0.80 -19. -32, -36. -33. -24. -11. 0.00

B6= 18. 14, 9.B 6.0 2,8 0.66 -0.29 -0,29 0.18 0,44 0.00

A7= -1.65E+2 -1.14E+2 -66. -23, 12. 35, 43. 40. 29. 13. 0.00

B7= -42. -31. -20. -10. -2.5 2.7 5,0 4.8 3.0 0.92 0.00

A8= 4.35E+2 3.05E+2 1.81E+2 72. -12. -63. -81. -75, -53, -23, 0.00

BS= 5.58E+2 3.94E+2 2.39E+2 1.02E+2 -3.1 -69. -94. -86. -59. -24. 0.00
............. .... ..............,...........................-.,......-.--- ..... ...........=..... ..... .......................... .... ...

A9= 2,01E+2 1,41E+2 hS. 36. 0,32 -21. -27. -23. -14. -4,7 0.00

B9= -42. -29. -17, -5.8 1,9 5,8 6.6 5.4 3.4 1.3 0.00
....q......°...... .... ....°..........,,. .... . ..... ...'..................-,.......----..-....--...-. ..... ...... ....... ..........=....

A*= "95. -66. "39. "16. "0.50 8.4 11. 8.5 44 0,96 0.00

B*= 14. 10, 5.8 2.3 "7.40E'2 "1.2 "1.4 "1.1 "0.58 "0.18 0.00
................... ......... .........,,.................................------.---------,,-. ......... .... ..... ... .... ..o...=..... ....

B-!6



Mean Rotor Torque and Pwr for Trim Solution

Mean Rotor Torque = 13993.57 f_-Lbs

Mean Rotor Power = 119.21K_

No. of Data Points = 36
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Lo_-SpeedShaft Loads in Rotor coordinates

Azimuth AngLe Fxr Fyr Fzr Mxr Myr Mzr

0,000 118,669 3533.737 -1731,120 -3878,388 12628,680 -394,485

10,000 389,462- 3460,918 -1712,961 -5178,290 13183,030 -811,221

•20,000 650,965 3594,173 .1637,488 -5548,472 13814,660 -1216,224

30,000 918,805 3717.303 -1504,489 -4769,990 13839.520 -1662,392

40,000 1160.662 3622,955 -1334,563 -4817,126 13784,990 -2060,046

50.000 1370,130 3515,534 -1130.519 -5286,656 13678,690 -2400,547

60,000 1536,050 3632,255 -883,760 -4450,380 13718,360 -2666,971

70.000 1650.852 3829,759 -600,329 - 2344,472 139_9,000 -2843,988

80,000 1714,129 3845,875 -301,410 -575,671 14090,920 -2926,976

90,000 1727,833 3726,644 -3,021 23,525 14136,820 -2921,154

100,000 1690.108 3717,043 294.845 498,060 14165,760 -2828,482

110,000 1598,671 _1_1.529 591,435 1799,442 14282,210 -2646.024

120.000 1456.907 3872,376 872.473 3216.859 14378,260 -2378.178

130.000 1273,284 3741.077 1118,143 3372.287 14329.000 -2041.760

140.000 1054.319 3634.080 1324.006 2757.436 14193.750 -1652.779

150,000 803,006 3677,928 1495,436 2797,454 14112,910 -1217,490

160.000 524.975 3743.789 1628.063 3540,189 14086.620 -742.866

170.000 204.368 3689.524 1705.965 3651.546 13348.490 -170.365

180,000 -118,669 3533.737 1731,120 3878.388 12628,680 394,485

190,000 -389,462 3460,918 1712.961 5178,290 13183,030 811.221

200.000 -650,965 3594,173 1637,488 5548,472 13814.660 1216.224

210,000 -918,805 3717.303 1.504,489 4769.990 13839,520 1662,392

220,000 -1160,662 3622,955 1334,563 4817,126 13784,990 2060,046

230.000 -1370,130 3515,534 1130.519 5286.656 13678.690 2400.547

240,000 -1536,050 3632,255 883,760 4450,380 13718.360 2666.971

250,000 -1650,852 3829,759 600,329 2344,472 13919,000 2843,988

260,000 -1714,129 3845,875 301,410 575.671 14090,920 2926.976

270,000 -1727,835 3726.644 3,021 -23,525 14136,820 2921.154
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280. 000 -1690.108 3717. 043 -294. 845 -498. 060 14165.760 2828.482

290.000 -1598.671 3841.529 -591.435 -17'_?,442 14282.210 2646,024

300.000 -1456.907 3872.376 -872.473 -3216.859 14378.260 2378,178

310.000 -1273.284 3741.077 -1118.143 -3372.28? 14329.000 2041.760

320.000 -1054.319 3634.080 -1324.006 -2757.436 14193.750 1652.779

330.000 -803.006 3677.928 -1495.436 -2'?'97.454 14112.910 1217.490

340.000 -524.975 3743.789 -1628.063 -3540.189 14086.620 742.866

350.000 -204.368 3689.524 -1705.965 -3651.546 13348.490 170.365

360.000 118.669 3533.737 -1731.120 -3878.388 12628.680 -394.485

Hub Loads in fixed frame hub coordinates

Azimuth AngLe Fxh Fyh Fzh Mxh Myh Mzh

0.000 118.669 3533.737 -1731.120 -38?3.388 12628.680 -394.485

10.000 86.093 3460.918 -1754.567 -5240.487 13183.030 100.304

20.000 51.653 3594.173 -1761.379 -5629.832 13814.660 754.813

30.000 43.464 3717.303 -1762.328 -4962.129 13839.520 945.321

40.000 31.278 3622,955 -1768.393 -5014.305 13784.990 1518.302

50.000 14.675 3515.534 -1776.264 -5237.123 13678.690 2506.772

60.000 2.666 3632.255 -1772.138 -4534.854 13718.360 2520.657

70.000 0.500 3829.759 -1756.618 -3474.331 13919.000 1230.382

80.000 0.824 3845.875 -1740.426 -2982.472 14090.920 58.661

90.000 -3.022 3726.644 -1727,833 -2921.154 14136.820 -23.525

100.000 -3.119 3717.043 -1715.630 -2871.998 14165.760 0.668

110.000 8.989 3841.529 -1704.542 -3101.895 14282.210 -785.929

120.000 27.130 3872.376 -1697.955 -3667.992 14378.260 -1596.792

130.000 38.095 3741.077 -1694.121 -3731.744 14329.000 -1270.904

140.000 43.399 3634.080 -1691.951 -3174.704 14193.750 -506.344

150.000 52.295 3677.928 -1696.588 -3031./,11 14112.910 -344.350

160.000 63.515 3743.789 -1709.430 -3580.765 14086.620 -512.750

170.000 94.974 3689.524 -1715.536 -3625.655 13"548.490 -466.308
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180.000 118.669 3533,737 -1731.120 -3878.388 12628.680 -394.485

190.000 86.093 3460.918 -1754.567 -5240.487 13183.030 100,304

200.000 51.653 3594,173 -1761.379 -5629,832 13814.660 754,813

210,000 43.464 3717,303 -1762.328 -4962.129 13839.520 945,321

220.000 31.278 3622.955 -1768.393 -5014.305 13784.990 1518.302

230.000 14.675 3515.534 -1776.264 -5237.123 13678.690 2506.772

240.000 2.666 3632.255 -1772.138 -4534.854 13718.360 2520.657

250.000 0.500 3829.759 -1756.618 -3474.331 13919.000 1230.382

260.000 0.824 3845.8"/3 -1740.426 -2982.._72 14090.920 58.661

270.000 -3.022 3726.644 -1727.833 -2921.154 14136.820 -23.525

280.000 -3.119 3717.043 -1715.630 -2871.998 14165.760 0.668

290.000 8.989 3841.529 -1704.542 -3101.895 14282.210 -785.929

300.000 27.130 3872.376 -1697.955 -3667.992 14378.260 -1596.793

310.000 38.096 3741.077 -1694.120 -3731.743 14329.000 -1270.904

320.000 43,399 3634.080 -1691.951 -3174.704 1/,193,750 -506.344

330.000 52.295 3677.928 -1696.588 -3031.6,11 14112.910 -344.351

340.000 63.516 3743.789 -1709.430 -3580.765 14086.620 -512.751

350.000 94.974 3689.52,'_ -1715.536 -3625.655 13348.490 -466.309

360.000 118.669 3533.737 -1731.120 -3878.388 12628.680 -394.484

flarmonics of Rotor Shaft Loads

Fxr Fyr Fzr Hxr Ryr Hzr

cos(O'PSI) 0.000 3688.695 0.000 0.000 13871.760 0.000

sin(O.*PS[) 0.000 0.000 0.000 0.000 0.000 0.000

cos(PS]) 80.548 0.000 -1737.332 -4941.545 0.000 -291.9/+8

sin(PSI) 1726o760 0.000 -5.872 -706.891 0.000 -2909.703

cos(2.*PSl) 0.000 -98.942 0.000 0.000 o381.793 0.000

sin(2.*PS]) 0.000 -60.532 0.000 0.000 -260.192 0.000

cos(3.*PS]) 7.620 0.000 4.263 778.822 0.000 -18.037

sin(3.*PS]) -2.633 0.000 -2.543 -766.651 0.001 16.298

J
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cos(4.*PSI) 0.000 5.500 0.000 0,000 -239,_1 0.000

sin(4.*PSI) 0.000 ,5,569 0.000 0,000 49.886 0,000

cos(5,*PSl) 10.199 0.000 -0.545 -8.898 0.000 -27.590

stn(5,*PSl) -0=878 0.000 0.016 -54.854 0.000 2,769

Hamontcs of Hu_ Loadsin Fixed Coordinates

FXh Fyh Fzh Mxh Hyh Mzh

cos(O'PSI) 37.338 3688.695 -1732.046 -3925.625 13871.760 207.472

sin(O.*PSi) 0,000 0.000 0.000 0.000 0.000 0.000

cos(PSl) 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.*PSI) 45.748 -98.942 -1,8;38 -618.361 -381.794 -125,112

sin(2.*PSX) -8.734 -60,532 -40.672 -873.727 -260.192 1413,482

cos(3.*PSI) 0.000 0.000 0,000 0.000 -0.001 0.000

sin(3.*PSl) 0,000 0.000 0,000 0.000 0.001 0.000

cos(4.*PSl) 10.189 5.500 0.982 378.198 -239.642 -378,712

sin(4.*PS%) 0,649 -5.569 0.026 -405.975 49.886 -384.327

cos(S.*PSl) 0,000 0,000 0.000 0.000 -0,001 0.000

sin(5.*PSI) 0.000 0,000 0.000 0.000 0.000 0.000

=
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THIS %STHE FILE OF TURBULENTWINDSPEEDDATAAS READ
BYHOOULE2 DUR%NGA TURBULENTLOADCALCULATION(Meters/sec).

15.0000 11.4375 12.1721 9.8636
30.0000 11.2795 11.4703 9.6749

45.0000 10.5139 10.3868 9.5616
60.0000 10.6547 10.4691 9.2097

75.0000 10.1082 10.4514 9.2604

90.0000 9.8202 10.5176 9.7193

105.0000 9.8885 9.7964 9.6447
120.0000 10.1578 8.9342 9.3867
135.0000 9.9126 8.5892 9.2205

150.0000 9.8776 8.2925 9.3452
165.0000 9.1952 9,'3958 9.8515

180.0000 9,4681 8,5594 9.9078
195.0000 8.5003 9.1422 9.9595
210.0000 9.3399 8.3813 9.5617
225.0000 9.0926 7.1986 9.5399

240.0000 7.9973 7.8164 9.5954
255.0000 8.1461 9.0605 9.4897
270.0000 8.6887 9.2447 8.9503
285.0000 9.0807 9.1259 8.9510

300.0000 9.3613 10.0571 8.8075
315.0000 10.4193 11.3491 8.4452
330.0000 10.4663 12.0937 8.4692
345.0000 10.2636 12.1379 8.8571

360.0000 10.4984 12.1172 9.0080

15.0000 11.3167 11.9926 9.1126

30.0000 11.7563 11.1521 8.9411

45.0000 11.8934 10.6483 8.7469
60.0000 10.8782 10,9209 8.8334
75.0000 9.7996 10.4784 8.8542

90,0000 10.0067 9.8132 9.0214
105.0000 9.9229 9.7753 8.9829
120.0000 9.7480 9.1&'_3 9.0527

135.0000 10.2449 9.4676 8.9647
150.0000 9.2852 9.5491 8.4993
165.0000 9.0_27 8.0110 9.1352

180.0000 8°8864 8.0518 9.1892

195.0000 9.0984 7.4229 9.4032
21O.0000 8.2008 7.6567 9.2803
225.0000 7.9738 7.2738 8,7864

240.0000 8.0416 6.9329 8.5786
255.0000 8,3663 8.6349 8.7668
270.0000 8.5202 8.2866 9.2442

285.0000 9.2680 8.9515 9.0515
300.0000 9.5274 9.8538 9.6445
315.0000 9.8669 10.5504 9.5061

330.0000 9.8349 11.3884 9.3152
345.0000 9.7656 11.8374 9.7763
360.0000 10.2332 11.0562 9.8647

15.0000 10.6885 10.3335 9.8093
30.0000 11.I_I 10.5074 9.5484
45.0000 10.9226 10.4/+68 9.7127

60.0000 10,4891 10.6511 9.6241

75.0000 9,3743 10.1225 9.4663
90.0000 9.0496 9.5442 9.2864

105.0000 9.2474 9.1924 9.2707
120.0000 9.0530 9.4338 9.6475
135.0000 9.1471 8.8096 9.5353
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150.0000 8,,5220 8.6550 9.5515
165.0000 7.8419 7.8843 9.7655

180.0000 8.5828 6,9766 9.3817
195.0000 8.3854 7.8903 9.5150
210.0000 8.1869 7.0015 9.2821
225.0000 7.8609 6,2604 9,1465
240. 0000 8.--9282 7,9758 9. 2703

255.0000 8.8671 8.3891 9.3725
270.0000 8.9678 8,0585 9.2055
285.0000 10.1328 9.4557 9.3929

300.0000 9.9143 9.9891 9.3575
315.0000 9.7722 9.9394 9.3916

330.0000 10.4391 10.6427 9.1462
345.0000 10.0804 10.3252 8.8188
360.0000 10.7110 10.1753 8.7808

15,0000 11.0008 10.9421 8.5497

30.0000 10.2920 10.8820 8.5737
45.0000 10.077_ 10.7198 8.4824

60.0000 8.9733 10.2688 8.5000
75.0000 8.4847 10.0147 8.5795

90.0000 8.2959 8.8401 8.9199
105.0000 8.0646 10.2595 8.8030
120.0000 8.4317 9.1840 8.6205
135.0000 8.7'602 9.2067 8.78/,1

150.0000 9.1933 8.6731 9.1407
165.0000 8.4096 8.7849 9.3633
180,0000 7.7077 8.3820 9.4672

195.0000 7.8242 7.6489 9.7056
210.0000 8.4655 7.3910 9.7025
225.0000 8.2551 7.3215 9.4254

240.0000 9.1701 8.0362 9.3822
255,0000 9.0610 9.0985 9 5409
270.0000 9.2662 9.6007 9.1374

285.0000 10.0148 10.3568 9.1824
300. 0000 10.1570 9. 6240 8. 7583
315.0000 9.9560 10,5797 8.45?.3

330.0000 10.0334 10.3203 8.7834
345.0000 9.8394 9.7610 8.7382
360.0000 9.5330 10.2365 8.6937

15. 0000 10.3205 9. 6960 9. 0034

30.0000 10.0801 10.2417 9.0482
45.0000 9.4649 9. 7643 9. 0773
60.0000 9.3237 10.1505 9.5303
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THIS IS THE TURBULENCEBLADELI:X)FILE PROOUCED
BY MOOULE1 UPONEXECUTIONOF TURBULENTWXND1NPUTS:

15.0000 -6870.64 -1754.82
30.0000 -9219.37 -1513.41
45.0000 -6966.43 -2087.61

60.0000 -6965,40 -2078.88
75.0000 -8878.00 -1603.94
90.0000 -5958.20 -1899.76
105.000 -5835.08 -1796,18

120.000 -6500.60 -1539,25
135.000 -3568.18 -1B04.07
150.000 -3562.13 -1538.94

165.000 -3891.07 -1219.88
180.000 -1950,84 -1462.31

195.000 -224.362 -1411.70
210.000 -3380.40 -822.724

225.000 -910.911 -1592.49
240.000 ]70.476 -1678.88
255.000 -3879.93 -994.851

270.000 -2914.81 -1338.81
285.000 -2345.39 -1721.53
300.000 -5984.54 -1331.77

315,000 -6167,66 -1539,08
330.000 -6710,77 -1834.00
34.5.000 -9B04.19 -1786.35

0.000000 -9460.19 -2218.77

15.0000 -9683.75 -2352.34

30.0000 -10878.6 -2078.04
45.0000 -8127.20 -2187.45

60.0000 -7040.91 -1B53.10
75.0000 -7240.04 -'1404.34

90.0000 -4382.79 -1657.15
105.000 -4599.84 -1539,14
120.000 -5929.41 -1572.80
135.000 "3912,39 -1784,05
150.000 -5587.50 "1613,26

165.000 -5637.56 "1700.58
180.000 -1280.76 -2121.36
195.000 -1169.14 -1313.54

210.000 -562.606 -629.670
225.000 3470.42 -987,674
240,000 1992.93 -829.895
255,000 -445.353 -728.751

270.000 -1215.53 -1255.45
285.000 -3013.93 -1601.81

300.000 -6249.89 -1548.91
315.000 -6474,73 -1847,32
_0.000 -7150.70 "1936.11

345.000 -8995.94 -1761.92

0,000000 -8066.10 -2031,38
15.0000 -7321.76 -2101.23

30.0000 -7809,90 -1735.84
45.0000 -6444.73 -1644,52
60.0000 -5397.44 -1599.95

75,0000 -6274.38 -1436,30
90.0000 -5018.62 -1725,02
105.000 -_.32 -1799,7T '
120.000 -5818.93 -1574.23

135.000 -4550,95 -1719.95
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150,000 -3557,26 -1735,71
165,000 -3540.32 -1526.01
180,000 - 215,966 - 1665.92
195.000 2086.84 -1190,38
210,000 "166.088 -308,557

225.000 4137,32 -956,682

240.000 3_64.02 -992.530
255.000 -3591,60 -430,915

270.000 "931.020 -1641.58
2B5,000 -2849,34 -1915.06

300,000 -9527.41 -1215.55
315.000 -5190.82 -2179.24

330.000 -5425,48 -2136.38
345.000 -9951.77 -1247,07

0.000000 -4289,08 -1994.31
15.0000 -4724.21 -1726.38
30.0000 -9099,45 -968.104
45.0000 -4231.59 -1943.99

60.0000 -5840_88 -1919.43

75.0000 -9037.01 -1499,94
90.0000 -4323.04 -2258,P..3

105,000 -4454.21 -1909,52

120,000 -7586.31 -1144.96

135.000 "1855.49 -1896,87
150,000 -3237.65 -1572.22

165.000 -5433.71 -1120.20
180.000 61.2_71 -1909.10

195,000 486.885 -1520.81

210.000 -2290.40 -606./_5
225.000 2505.84 -1206.53
240.000 1283.89 -1079.95

255.000 -3723.65 -588.338
270.000 -1946,85 -1525.89
285.000 -4781.84 -1768.85

300.000 -9408.44 -1608.74

315.000 -5918.70 -2400.94

330.000 "T_8.17 -2032.73
345,000 -8395.31 -1592.44

0.000000 -3438.64 -1938.45
15,0000 -5061.17 -1297.51
30.0000 -5187.46 -1055.51

45.0000 -2739,37 -1570.89
60,0000 -5200.60 -1416,06
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PROaRAMFLAP1

C * *

C * OOC000 0 O0 000000 *

C * 0 0 0 0 0 0 *

C * 0000 0 000000 000000 *

C * 0 0 0 0 0 *

C * 0 0000000 0 0 0 *

C * *

C * Forces & Loads Analysis Program *
C * *
C * Module 1 *
C * *

C * Version 2.2
C * *

C _ItWW*_*WW WW,W_I_W*W, Wt_,*** ****** ****_** **W,

C _nk_k*WWW***W_ **W_*I_* *ltwwwtP_ww_lP,WeeWw, ,ww,_,W **,_,,

C * CHANGESHADEIN FLAPSINCETHEMARCH1988 VERSION *
C * 2,01 RELEASE. FORMOREDETAILSSEETHE USERSSHANUAL. *

C This version of FLAP is for analysis of three

C bladed or' two bladed rigid hub rotors only.
C The teetering option has been removedfrom this
C version and reformulated in the new teetering
C rotorar_lysts_ STRAP( SERI TEETERINGROTOR

C ANALYSISPROGRAM).Useres wishing to run analyses
C for 2-bladed teetering hub rotors should consult
c that code and userls manual.

C This version of FLAPhas been modtfted from

c version 2.01 in several ways. First, in
C Module1 modifications have been made in order

C to calculate blade flap-wise frequencies and
C madeshapesdirectlyin the coc_ and to output
C these to a user designated ftle. This file is
C designated during execution of Module1. The
c user can examine results in this file in order

C to gain knowledge about the bladels frequencies



C and modnhape_, The user no Longer _eds to
c oatouLete these freq_les by hm_0 In addl.

tj ties these oaloulated modeahnpeaget pa.sad
C to module2 (via the REI_ULTS,DflTft le) in order

tj to oatouLate generalized reface, 'they also get

C used _n oatouLatJon of the blade's ma_a, stiffness
C and'other matrloe_o

c 'rho aeoo_ major changes oontatned In the seaond
C module Js the ability to read tn turbulent wind-
C speed fLustkmttona (In subroutine TRHgLU)and

tj calculate toads and response on a single blade
C due to turbutenoe (note+ the shaft Loadsare not

C oaLoulntadduringthe turbulermeexeoutlonbeoau=o

C only one blade Is being analyzed),

C Another ohanga 4a the ability to oatoutate the rotor

C uttaft Loadsdurtng atrtm (steady state) solution,
tj The (:ode does this either for a three-bladed or a

C two bladed rjgtd hub rotor.

C * *

C * DISCLAIMER *
tj _ ,

tj * Neither the UnltedStates Department of 8nergy+ tile *
C * National Renewable Bnergy Laboratorys *

C * the Hlduest Researoh Institute nor anyone *
C * else who has been involved Jrr the *

C * oreatJon+ produatton or delivery of thls program shaLL *

C * be Liable for any dtreot, tndtreott oonsequenttat, or *
C * tr_iderttaL damagesar_stng out of the useS the results *
C * of Use_ or InabiLity to use thisprogram even tf the *
tj * Un_ted States Departmnt of Energy has been advised of *
C * the possibility of muchdamagesor otatm, Somestates *

C * do not allow the exclusion or limitation of liability _,
c * for oonsequenttet or tnoJdent_l, dlmges, so the above *

C * Limitation may not apply to you, *
C w *
C W*W* *WW*l_*_rWW*WW*'_rW*_lk llz**,**WWWW-k*l_'WWtt_r,** _ WW_WW * *** _,,,_,

C *** * *W* ** *_ * ** ***W_** **WlVW#WW_tWW*_k_'*l_'J_rWWW*** **_*W** W**ft* *_W*

C * *

C * The FLAPCode *
C * *

C * FLAPcalculates the forges and moments on a wind tur- *

C * btne blade clue to aerody_o_ tner_iaL and gravlta, *
C * Lionel forces, The aerodyr_lu_o offsets inoltxie Wind *

C * shear, tower shadowand the induced veloolty duo to the *

C * change in momentumof the air stroll as it passes over *
C * the blade, In addition, this verat_ tr_tudes the *

C * ability to tr_l, lt and oaLcuLate response *
c * end loads due to tur'buler_e, *
C ******************************************************

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



C * Module I

C * *

C * Thlsprogram ts tlleflr_tof two moduleathateonstl. *

C * lUte the Fr.Ancode. Th_a _4rst module Interpolates the *
c * trot data Into a fo_n usable by the ,eoond module *
C * which _loee the actual rm.'dettng. Thts module also aere. *

c * pute_ the oaefftclent matrix used for aolvtng the blade *

¢ * flaps equatton of motton, lt also calculated the bLadel, *
C * frequency and modeshapes. *

**********************************************************

C *********************************************************
c * *

C * QUestlocls_boutthe orlglnaL_ormu_atlon,theory,math. *

C * cd of eclat|on and programming ehould be addresned to_ *
C * *

C * Alan D. _rtght *

C * Nat4onat Renewable Energy Laboratory *
C * 1617 COte Blvd. *

C * Oolden, CO 80401 *
C * 303-231-7651 *
C *******************************--*****************

c ***************************************************'**

C * *

c * I/O Conver|t(ons_ *
c * *

C * Unit 1 - input data ftte *
C * Untt 2 - Output data ftle *
C * Unit 5 . Keyboard *
C * Unit * -Monttor or keyboard *
C * *

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

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

C * External refere_es _n th_s routJnel *
C * *

C * COEFFS- Subroutine that computes the K and H ecel., *

c * ftotents used in eotv_ng the equations of *
U * blade motton, *
C * *

C _ iNPUT - Subroutine that re_ds tna set of blade and *
C * _ohtne data and converts them to a form *

c * needed by the COEFFgsubroutine. *
C * *

C * PRNCOE- subroutine that creates the tl_out data file *
c * for the second module, *
C * *

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

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

t: * *

C * Local ar¢l dummyvariables used _n this routlnel *
C * *

C * ANS - Used to store tnput responses from the key- *
c * board. *

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

C, * put f_le, lt ts defined tn INPUT. *



c * HP - Number of bL.de property values used in *
c * performing oon_stte S;Irapeontstntegratqon *
C * for the K end M ooeffJalent erraya. Th_B *

C * number is approximately 10 ttmas the NrTS *
C * value, *

C * NrTs . Numberof points along the blade used to *
C * " perform StmpsonSs integration for oaLou- *
C * Lattng the momentsend forces at the blade *
C * root *

C rr NSlMP * order of the ool_postte 8|mpsonla Jntegra- *
C * t]on used tn the, run, Parametmris set to *

C * 10 in order to make 21 blade property eta- *
C * {cns, *
c * *
C **************************************--***********

INTEGER NP
INTEQER NrTS
iNTEGER NSIMP

CtIARACTER*I ANS
CtlARACTER*50 F1LOUT a

PARAMETER ( NSIMP= 10 )

100 FORHAT(

& // _ Progra_l For Ar_Lysts Of Horizontal Axis Wind Turbtnel
& / t ResponseTo Dynamic LoadsI
& // t HOOULE11 )

110 FORMAT( / )
120 FORMAT( A )

130 FORMAT( / _ FLAP terminated normlly. _ / )

C CaLcuLate the number of blade property stations and tnterpota-
C t4onpoints.

NrTs = 2*NSIMP+ 1
NP = 20*NSIMP+ 1

C Print title,

PRINT 100

C Get tryout responses, generate coefficients, and Wrtte to output
C flte.

10 PRINT110

CALL INPUT ( NP , HPTS , FILOUT)

CALLMOOES (NP)

CALLCOEFFS( NP + NPTB)
CALLPRNCOE( FILOUT ,NPTS )

C Cheek to see tf user wants to process another data file,



20 PRINT * , ,e

PRINT *, 'Do you want to process another data file? (Y,=N r) > t

READ 120, ANS

IF ( (ANS .EQ. ey, ) .OR. (ANS .EQ. ,y, ) ) GOTO 10

IF ( (ANS .NE. iN' ) .AND. CANS .NE. sn' )

& .AND. C ANS .NE. J i ) ) THEN

PR]NT *, 'invaLid response. PLease try again...'
GO TO 20

END IF

C Processing complete.

PRINT 130

STOP

END

BLOCK DATA

C _,_.-_--'_- -¢_. ;;_¢ _¢:, _.;.; "-_._._,,_.;,:,&_,&&_&_ _ ___ w_

C * *

C * This module i_ used to initialize the CONHONblocks. *

C * *

C * *

C * Named CONMONblocks used _n this routine: *

C * *

C * AERO Aer_ic blade properties derived from *

C * i nl_t aerodyr_i c data. *

C * BLADE - BLade position dependent values that are *

C * computed by Linear interpoLation of the in- *

C * put property data. *

C * LITERL - Data f_Le titles used for printad output. *

C * LODVAL - HoLds components used in caLcuLating blade *

c * Loads and deflections. *

c * RATRX1 - HoLds some o'f the coefficient matrices of *

C * the governing equation of motion. *

C * NATRX2 - HoLds some of the coefficient matrices of *

C * the governing ec_,,_at_onof motion. *

C . PANELS - Used to corrmun_cate with the interpolation *

C * sMbrou¢ i ne] NTERP. *

C * TENS]N - HoLds tension components of the stiffnes.,; *

C * functions. *

C * TURBN - Turbine related variables. *

C * WIND - Wind related variabtes. *

C * w

C * External references in this routine: *

C * *

C w none *

_=
=

_
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C * *

C * *

C * COtt40Nvariables used in Nodule 1 of FLAP: *
C * - W

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 * Lion. If airfoil begins at the root, the_ *
C * BLSHNK=O. (feet) *
C * BLTIP - BLade ler_3th measured from the blade root *

C * to the bLa<_etip. Note - rotor r:_dius is *
C * HUBRAD+ BLTIP. (feet) *

C * CDZERO- Drag coefficient values at ec@Jidistant *
C * points along the blade. Derivc_d from *
C * ACDZERvalues. (dimensionless) *

C * CHI - Rotor tilt angle. Input in degrees and *
C * converted to radians. (radians) *

C * CHOPJ)- Blade chord at equidistant points along the *
C * blade. Derived from ACHCA_D.(feet) *
C * CIFMOH- Integral of DIFMOH. *

C * CKBEND- Bending stiffness matrix. *
C * CKQLO0- Inertialmoment stiffeningmatrix. *

C * ClCTCRL- Coriolis stiffening matrix. *

C * CICfGRV- Gravity stiffening matrix. *
C * CKTOMG- Centrifugal stiffening matrix. *

C * CLALFA- SLope of the Lift curve at equidistant *
c * points aLoc_gthe blade. Deriw_d from ACLALF *
C * values. (radians^- 1) *
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 * CMGPJ_V- Mass coefficients associated with 9ravita- *
C * tional Loads. *

C * CMMASS- Bl_e massmatrix. It is also used in the *

C * inertia force stiffening term. *
C * CMRIGD- Mass coefficients associated with rigid bo- *

c * dy motion. *
C * CSUBMA- Pitching r_nt coefficient. *

C * DELTIM - Integral of DDELTI. *
C * DRGFRM- Drag coefficient form constant. *

C * ECNTFN- Comptirated term. *
C * EIAREA- Moment of inertia values at equidistant *
C * points along the blade. Derived from *
C * AEIAREdeta values. (Lb-Ft*'*2) *
C * ESUIL_C- Distance from the blade elastic axis to the *

C * aerodynamic center. Positive if elastic *
C * axis is forward (toward Leading edge) of *
C * aerody11_ic center. Derived from AESBAC *
C * values. (feet) *

C * HUBHT - H_ reference height aJ_ove the grcKa_d. *
C * (feet) *
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C * HUBRAD - Radius of rotor hub. (feet) *

C * IEMJ_SS - Edgewise mass moment of inertia at ecNidis- *

C * tart points along the blade section. Der- *

C * ived from AIEMAS values. (Lb-sec^2) *

C * IFMASS - Flapwise mass moment of inertia at e<Nidts- *

C * tart points alongthe blade section. Der- *

C * - ived from AIFMAS values. (Lb-sec^2) *

C * KSHADW- Nund_er of tower shadow peaks within the *

C * tower shadow zone. *

C * MASS - Blade mass 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) *

C * NBLADS - Number of turbine blades. *

C * NSHAPS - Number of blade shape functions, 4 maximum. *

c * *

c * OFFMAS - Inte<jral of DOFFMS. *

C * OFFSET - Distance from the elastic axis to the mass *

C * axes of blade section. Positive towards *

C * the leading eck3e. Derived from AOFFST vat- *

C * ues. Called E-s_-eta in the forntJlation. *

C * (feet) *

C * OMEGA - Rotor speed. Input in RPM and converted to *

C * radians/second. (rad/sec) *

C * PHIO - Rotor mean yaw angle. (radians) *

C * PHIAJ_P - AJ_plitude of peri_ic yaw motion atx_ult mean *

C * yaw angle. InpJt as degrees and converted *

c * to radians. (radians) *

C * PHIOMG - Maximum yaw rate. Used internally to com- *

C * pute the yaw period, lt can be used to in- *

C * put a turbine steady yaw rate. Ir_3ut 3s *

C * degre_/sec and converted to radians/sec- *

c * ond. (radians/sec) *

C * PSIZER - Half angle width of the tower shadow re- *

C * gion. (degrees) *

C * SHEP_XP- Wind shear power exponc-mt. *

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 clue to gravity *

C * effects. *

C * THETAO - Orientation of the zero lift line with re- *

C * spect to the blade principal bending axis. *

C * THETAP " The blade pitch angle. That is, the angle

C * from the bending axis, XP, to the cone of *

C * rotation, X-axis, for the reference sta- *

c * lion. THETAP establishes the orientation *

C * of the flapping displacecn_ts. Positive *

C * angles are toward feather. General ly, the *

C * reference station section-chord line. is *

C * taken as the l:_=_rucli_(flapping) axis. *

C * (radians) 4,

C * THETAT - The built-in blade twist angle from the *

C * section-chord lineat the reference station *

C * to the section-chord line at the tip of the *

C * rotor. Positive towards feather. *

C * TITLE1 - 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. *
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C * TOMGA - BL_ tension coefficient associated w_th *

C * centrifugal force effects. *

C * Tb'UBO - Tower shadow I_ir_d spe¢_ offset cc_t:x)nent. *

C * TSUBP - Tower shadow stnusoidaL co_nl_)nent. *

C * VHUB -A{r spc_d at the he{ghz of the hub. *

c * (ft/sac) *

C * XLEF,T - Radial _s_tior_s of the blade prol:N._rty data *

C * po{nts. These are monotonically increasing *
c * values fr_ 0.0 at the root to R at the *

C * Zip. (feet) *

C * *

c *** .4rdf*_t**_r*llr** *1*lt** *llr_¥_r_Mtllr** _rslr_** _r * *Wit_trl_*t**4tst_*** _ _*_r_t_1tr*

INCLUDE 'C:INCLUDEXAERO.INC I

INCLUDE IC:INCLUDE\BLAJ)E.INCI

INCLUDE 'C:]NCLUDE\LITERL.INC'

INCLIJ1)E 'C:INCLUDE\LODVAL.]NC'

INCLUDE 'C:INCLUgE\_tATRXI.INC I

[NCLUDE _C:XNCLUOE\MATRX2,[NC t

iNCLUDE 'C:]NCLUDE\PANELS.]NC I

INCLUDE 'C:INCLUDE\TENSIN.INC'

INCLUDE tC:INCL_E\TURBN,INCt

IWCLUDE 'C:iNCLUDE\UIND.INC'

END

SUBROUTINECAPS ( STRIMG )

C _ *

C * S_routine CAPS is us_d to convert atphaloetic charac- *

C * ters into uc_oer case. it assumes that all the Lower *

C * case Letters are in one cc_tigu_s block arid art the *

C * upper case Letters are in another contigua_Js bl_k.

C * This rc_Jtine will _ to be changed to work with a *

C * noncontiguous character set Like [BM's EBCDIC. lt is *

C * not needc_ for an upper case o¢_ly character set Like *

C * CI)C's Display Cock_. *

C * *

C _r_rWw_ trw_t.l_-W*-¢__ _________llt_ _tr'arllrl__-.1_*-lk_1_.*Vr_r*_lr_k_t_ * ___

C * Named C_ blocks us_ in this routines: *

C * *

C '_ none *

C *W*Wlk'*_*'tV****_WIZ'*_ W_*'W_W*_ tk'*lk'W*"W_tlrWW*'*W** *'W***_ _ *_



C * External referer_ces in this routine: *

c * *

C * rK)ne *

C * *

C * *

C * Local and dummyvariables used in this routine: *

C * *

C * DIFF - Numerical difference between tat aral laa. *

C * I - Generic index. *

C * LENGTH - The declared Length of the given string. *

C * STRING * The string r_-eding 1:o be converted to upper *

C * case. *

C * *

INTEGER DIFF

INTEGER ]

INTEGER LENGTH

CHARACTER*(*) STRING

C Compute _:he numerical difference between tat and fat.

D[FF = ICHAR( _a' ) - [CHAR( _A_ )

C Get the length of the string.

LENGTH= LEN( STRING )

C Look for Lower case letters. Convert them _o upper case.

DO 1QO I=I,LENGTH

IF ( (STRING(I:[) .GE. 'a _ ) .AND.

& (STRING(i=]) .LE. 'z _ ) ) THEN

STRING(I=Z) = CHAR( ]CHAR(STRING(]:I) ) - DIFF )

END IF

100 CONT[NUE

RETURN

END

SUBROUTINE COEFFS ( HP , NPTS )

C '¢PWW'I_W'W'WWWWlk"W"Wllt*WW'W_IZ,"WW"k'lt"W_IZ"W'Cr'W'W_W'W_¢rW"_rW'WWlk'__ _ _ _ *_ _ * *

C * *

C * This subroutine computes the coefficient matric_s used *

_-==

E
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C * in the solutton of the blade equations of motion. *

c * Since these coefficients are independent of the posi- *

c * tton or state of the blade, and are only dependent upon *

C * the blade properties, they are calculated _ndependentLy *

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 MATRX1 and MATRX2, *

C * *

C yr_** _*W**W*-k**W******_Cr_e**k*v_*.k**_** *IkVr_*****_*-k**** ***

C * **1kit_** Yrtc*-_r**11v*lk** Itr***W*******l_ v_** * d-k*-_* ***W_ _ **_*

C * *

C * Named COMMONblocks used in this routine: *

C * * *

C * AERO " Aerodynamic blade properties derived from *

c * {nput aerodynamic data. *

C * BLADE - BLade position dependent values that are *

C * computed by linear interpolation of the in- *

c * put property data. *

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 * TENSIN - Holds tension components of the stiffness *

C * functions. *

C * *

C YrlkW_'*Vr'k_ YM_* "_**-*_*,A-Vr_r**Wtr_-*_lr** VP;_,__¥*_'k VrlVlk** *'RVlr_ _ _* ** **

C _*'*_MIf1lr'Jl'*'*'kllf*'*_ i_tr*,lfr**_ *-I_tc*lk** Vr** llr_Yk'lk*'_* _* *,Jr__ *_ * * *_ _ _ ** *

C * *

C * External references in this routine: *

C * *

C * SIMPSN - Function that performs the composite Stmp- *

C * son's integration on the tnp,Jt data arrays. *

C * TRPZO0 - Function that performs composite trapezoi- *

C * dal integration. *

C * *

C * *

C * Local and dummy variables used in this routine: *

C * *

C * BLTBLT - Square of BLT]P_ (feet**2) *

C * DDELTI - XEMASS- IFMASS. *

C * DIFMOM - CmnpLicated term. *

C * DI(BEND - Used to compute the integrals associated *

C * with the coefficient matrices. *

C * DIQe,ASS - Used to cotr_Jte the integrals associated *

C * with the coefficient matrices. *

C * DKQLD - Used _o ccxnpute 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 coefficient matrices. *

C * DI(TO;4G - Used to compute the integrals associated *

C * with the coefficient matrices. *
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C * DMBALH - Used to oompute the integrals associated *

C * with the coefffc(ent matrfces, *

C * DMGRAV- Used to compute the integrals associated *

c * with the coefficient matrices. *

c * DNRIGD - Used to Gompute the integrals associated *

C * with the coefficient matrices. *

C * DOFFMS - OFFSET*MASS, *

C * DTCOR1 - Used to compute the integrals associated * t

C * with the tension components. *

c * DTCOR2 - Used tn compute the integrals associated *

C * with the tension components. *

C * DTCOR3 - Used to compute the integrals associated *

c * with the tension components. *

C * DTCOR4 - Used to compute the integrals associated *

C * with the tension components. *

c * DTOMGA - Used to compute the integrals associated *

C * with the tension components. *

C * ! - Generic index. *

C * IPT - Array index used for trapezoidal integra- *

c * lion. *

C * K - Generic index. *

C * L - Generic index. *

C * N - Generic index. *

C * kip - Humber of blade property values used in *

C * performing composite stmpsonls integration *

c * for the M and K coefficient arrays. This *

C * number is approximately 10 times the NPTS *

C * value. (passed from FLAP!) *

C * NPTS - Number of points along the blade used to *

C * perform Simpsonts integration for caLcutat- *

C * ing the moments and forces at the blade *

C * root. (passed from FLAP1) *

C * SHP - Array containing shape functions evaluated *

C * at regular intervalS. *

C * SHPDD - First derivative of SHP wtth respect to *

C * location alorlg the blade. *

C * SHPDOT - 'Second derivative of SHP with respect to *

C * location along the blade. *

C * X - Dummyvariable used to indtcate location *

C * along the blade for use by the internal *

C * shape functions. *

c * *

REAL DDELTI (201)

REAL D! FMOM (201)

REAL DI(BEND (201)

REAL DI(MASS (201)

REAL DKQLD (201)

REAL DKTCRL (201)

REAL DKTGRA (201)

REAL DICTOMG(201)

REAL DMBALN (201)

REAL DMGRAV (201)

REAL DMRIGD (201)

REAL DOFFMS (201)

REAL DTCORI (201)

REAL DTCOR2 (201)

REAL DTCOR3 (201)

REAL DTCOR4 (201)
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REAL DTOMGA(201)
REAL SIMPSN
REAL STEP
REAL TRPZO0

INTEGER I

INTEGER " IPT
INTEGER K

INTEGER L
INTEGER N

INTEGER NP
INTEGER NPTS

INCLUDE LIC:INCLUDE_kERO.INCt

INCLUDE IC:INCLUDE\BLADE.INCI

INCLUDE ,C:INCLUDE\LODVAL.IN=_

INCLUDE IC:INCLUDE\MATRXI.INC'

INCLUDE 'C:INCLUDE\MATRXZ.INC'

INCLUDE tC:INCLUDE\TENSIN.INC_

INCLUDE _C:INCLUDE\MOOAL.INC'

1000 FORMAT( / e Generating coefficient matrices and property J
& , ' arrays...t )

8000FORMAT( '&done.' )

C * *

C * Fill the intermediatefunctionarrayswhichare used to *

C * compute the tension component integrals. *
C * *
C '_****_***********_**************************** ********_***

STEP= BLTIP/( NP - 1.0)

DO200 I=I,NP

DTOMGA(1)= MASS(1)*( HUBRAD+ STEP*( I - 1 ) )
DTCORI(1) = MASS[I)*SHP(1,1)

DTCOR2(1)= MASS(1)*SHP(2,1)
DTCOR3(1)= MASS(1)*SHP(3,1)

DTCOR4(1)= MASS(I)*SHP(4,1)

200 CONTINUE

C * *

C * Computethe tension component integrals. Each tension *
C * component is catcutated by integrating from a specific *

C * position on the blade out to the blade tip. *
C * *

L
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[]0 300 i"I,_P

TOMGA(1) = TRPZO0(DTOM_4_, I , NP s BLTIP )
TGRAV(1) = TRPZO0(HAS$ , ! e NP _ BLT_P)

TCORLS(ltl) = TRPZOO(DTCOR1, ! _ NP , BLTIP )
TCORLS(2,1)= TRPZOD(DTCOR2t I s tiP , BLTIP )
TCORL$(3,I) = TRPZOD(DTCOR3, I , NP , BLTIP )
TCORLS(4,I) = TRPZO0(DTCOR4, I , HP , BLTIP )

300 CONT[NUE

C * *

C * Compute the coefficient matrices. Please note that *
C * only the upper triangle elements sre computed. *
C * *

DO 470 K=I,4

DO 440 L=K,4

C FILL the intermediatefunotionarrays whlchare used

C to compute the stiffness and loadingcoefficientma-
C trioes.

O0 400 I=I,NP

DKBENB(1)= EIAREA(1)WSHPDD(K,I)*SHPDD (L_l)
DI(MASS(1)= MASS (])*SHP (K,I)WSIIP (L,I)

DKQLD(I) = IFMASS(I)*SHPOOT(K,I)*SHPDOT(L,])

DKTOMG(I)= TONGA(1)*SHPDOT(K,I)*SHPDOT(L,I)

400 CONTINUE

C Computethe K,Lthelementof the coefficient matricesQ

CKBEND(K,L)= SIMPSN(0.0 , BLT[P , HP , DKBEHD)

CKTOHQ(K,L)= SIMPSN(0.0 , BLTIP , NP , DICTOHG)
CKQLOO(K,L)= IFMA_S(NP)*SHPDOT(K,HP)*SHP(L,HP)

& - SIMPSN(0.0 , BLTIP , NP , DKQLD )
CMMASS(K,L]= S[MPSN(O.O , BLTIP , NP , DKMASS)

DO410 I=I,NP

410 DKTGRA([) _ TGRAV([)*SHPDOT(K,I)*SHPDOT(L,[)

Ck_GRV(K,L)= SIMPSN(O.O , BLT|P , HP , DKTGRA)

C Index into coefficient matrix for coriolis sttffenlng.

DO430 N=I,4
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DO 420 I=I_NP

420 DKTCRL(1)= TCORLS(N_I)*SHPDOT(K_I)*SHPDOT(Ls[)

. ctCrCRL(NeKIL)= fiIMPSN( 0,0 t BLTIP t NP _ DKTCRL)

430 CONTINUE

440 CONTINUE

C Computeelements of coefficient matrtces whtch use only a
C stngLe index. Fill |ntermedtate function arrays ftrst, then

c compute the elements of the matrices.

DO 450 I=I,NP

DMRIGD(1) = MASS(I)*( HUBRAD+ STEpW(['1 ) )*SHP(K,[)

DMDALN(1)= MASS(i)*SHP(KeX)WOFFSET([)
DMGRAV(1)= MASSCI)*SHP(K,I)

450 CONTINUE

CMRIGD(K)= $]MPSN( 0.0 t BLTIP 0 NP i DMRXQD)
CMSLNC(K)= $1MPSN(0,0 , BLT]P a NP , DMBALN)

CMGRAV(K)= SIMPSN(0.0 , BLTIP , NP , DMGRAV)

DO 460 I=I,NP

DMRIGD(1) = MA$5(I)*( HUBRAD+ STEP*( 1-I ) )*SHP(K,I)
DMBALN(1)= MASS(1)*SHP(K,X)*OFFSET(1)

DMGRAV(1)= MASS(1)*SHP(KsI)

460 CONTINUE

470 CONTINUE

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

C * Once the diagonal and tipper triangular elements are *

C * c_t_, reflectthe uppertriangle o¢Itothe _ower *
C * ore, *

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

DO520 K=I,3

DO 510 L=K+I,4

CKBEND(L,K)= CKBEND(K,L)
CKQLOO(L,K)= CK_LOD(K,L)

CKTGRV(L,K)= CKTQRV(K,L)
CKTOMG(I.,K)= CKTOMG(KsL)
CMMASS(L,K)= _SS(K,L)
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DO500 N=1,4

500 CKTCRLfN,L,K)= DICTCRL(N,K,L)

510 CONTINUE

520 CONTINUE
i

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

C * *

C * The follow4ng arrays are used to eompUtethe Loads and *
c * rnc_entsfor oo_Let_on of MOOULE2. *
C * *
C ** ,.trw,wwww,-www,ewww*ww*wvr_*.w_**_**.c_r**-*,w*ww**W*****.*W,W*** ***_

DO600 I=IsNP

DDELTI(1) = IEHASS(1) " IFHA.ctS(1)
DOFFM5(I) = OFFSET([)wNASS(1)

600 CONTINUE

DO610 ]=I,NPTS

IPT = 10"( ] " I ) + 1

DELTIM(1) " TRPZO0(DDELT! t IPT _ NP , BLTIP )
OFFRAS(]) = TRPZOD(DOFFHS, IPT s HP , BLTIP )

610 CONT]NUE

DO640 N=1,4

DO 620 ]=I,NP
620 DIFMOM(1) = ]FI_SS(])*SHPDOT(Ns])

DO630 X=I,NPTS

IPT = 10"( I " 1 ) + 1

CiFHOR(N,_) = TRPZO0(DiFMOMt IPT , NP _ BLTIP )

630 CONTINUE

64O CONT!NUE

C ww ww,w.w, *'lk'Ww'cr_ wW** t _*wwW-tk w, w, lt **ww_***w,k.*_*ww** ww ,_, ,w ,w,_,

C * *

C * These tension and property arr_y.s wILL be used In *
C * MOOULE2 to compute the Loadsand moments. *
C * *
C ****************--*******************--**--********

DO700 Icl,NrTS

IPT = 10"( ! - 1 ) + 1

CHORD(!) = CHORD(]PT)
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_CflT_N(I) . O_SeI(IP_)*MASS¢IPT)*< tlUBRAO
& + BLTIP*( 1.1 )/( NPTg'I ) )

TGRAV(I) . TQRAV(IPT)
T_IETAO(1). T_IETAO([PT)

TOH(_ (l) • TOMClA(IPT)

TCO_LS(Ie|T " TCORLS(IItPT)
TCORLB(2tl) = TCORLS(2_IPT)
TCORLB(3el) = TCORLS(3tlPT)
TCOP,Lg(4tl) . TCORLS(4,IPT)

?00 CONTINUE

C * *

C * Generation of ooefftotent matr4oe_ end property ,tray, *

c * ts oompLoto. *
C * *

PRINT 8000

RETURN
_ND

SUBROUTINEHODES(NP)

REALASUH(4,4)

REALBSUM[4,_)
REALCSUH(4_4)
REALDSUH(4_4)

, REALBL_BLT
REALCF1
REALCF1DOT

REALCF1DD
REALCF2

, REALCF2DOT
REALCF2DD
REALOF3
REALCF3DOT

REALCF3DD
REALCF4
REALCF4DOT

REALCP4DD
REALEKBEND(201)

REALEKMASS(201)
REALEICTOMG(201)
REALETOHGA(201)
REALHAG(4)
REALOMGA2

REALSIMPSN
REALSTEP

REALPOLY(4,201)
REALPOLYDT(4_201)

REALPOLYDD(4,201)
REALTTOMGA(201)
REALTRPZO0
REALX
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REALQPRIHB(4s4)
RDALQTRANB(4s4)
REALPRDCTI(4t4)

R_ALP_Z(4e4)
REALVALU(4)

REALVECTRI(4_4)
RGALVECTR2(4_)
REALVBCTR3(4t4)

INTEQBR1
IHTEQERK
INTEGERL

INTEQBRNP
INTEGERNDIH
INTEQERNDP

INCLUOE eClINCLUDE\BLADE.INCe
INCLUOE i Czl NCLUDE\MOOAL.!NCe

INOLUDE ect]NCLUDB\TURBN,INCt

OHARACTEtR*20HOOOUT

C Coordinate shape funottons _llxt their derive|rives,
C These funotions are polVnomlal_that sat4sfy the

C boundary oondlttons for a oant|lever blmde, nmnaly
C zero displeoe_nent end zero slope _t the rout,
C These funottons wtt[ be used In linear oombtnattons

C using a Rayleigh Ritz type prooedure to determine the
c ntitureL fre_ter_o_es end modeshepesof the blade,

c First shape funotion er_d ttas derivattvesz

CFI (X) = Xw*2*(X*(X"4,0) + 6,)/5.
CFIDOT(X)= /_**X*(X*(X-3.)+3,)/3,

(IF1DD(X) = 4,*(X*(X-2.)+1.)

C tieoortdshepe f_atton arcl jtle deriver|vest

CP2 iX) = X**3*(X*(3,*X-10.)+lO.)/3.
CF2DOT(X)= 5,*X**2*(X*(3,*X'D.)+6,)/3.
CF2DD(X) = 20,*Xw(XW(3,wX-6,)+3,)/3.

C Third shepe funotton and tt_ dertvattvesl

CF3 (X) = X**4*(X*(2.*X - 6.) + 5,)
CF3DOT(X)= 2,*X**3*(X*(6**X.15.) + 10,)

CP3DD(X) = 60,*X*'2"( X*(X'2.) + 1,)

C Fourth shape funatl_ and ttes dertvatJvesl

CP4 (X) = X**_*( X*( lO.*X - 28,) + 21.)t3.
CF4DOT(X)= 7,*X*'4'( X*( IO_*X " 24.) + 15.)/3,
CF4DD(X)_ 14,*X**3*(X*(lO,*X " 20, ) + 10.)

STEP= I,/(NP'I,)
BLTBLT= BLT%P**2
X =O,

DO110 Z = 1,NP
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POL¥_'I,I) = OF1 (X)
POLYDT(1sI) = _F1DOT(X)/BLT_P
POLYDD(1sI) = OF1DD(X)/BLTBLT

PoLY(2,I) = c_2 (X)

POLYDT(2sI)t _f_2DOT(X)/BLTIP
POLYDD(2_I) = CF2DD(X)/BLTBLT

POLY(3_1) . CF3(X),
POLYDT(3eX)= OP3DOT(X)/BLTXP

POLTUD(3,1) = CF3DD(X)/BLTBL'r

POLY(4ol)= OF4(X)

POLYDT(4tl)= CF4DOT(X)/BL,TIP

POLYDD(4,1) = CP4DD(X)/BLTBLT

X = X . STBP

110 CONTINUE

C PttL the Jntermed|ate function arrays _]oh are used to

C aomputache tension oompon_t integral for the
c oentr_fugaL stiffening matrtx.

X=O.

gTEP= BLTIP/(NP- I,)

DO200 I _ 1,NP

BTONQA([)= MASS(1)*( HUBRAD+ STEP*( 1"1 ))
20O CONTINUE

C Computethe tens|on aomponent integraL,

DO 300 I = liHP

TTOHKLA(1)= TRPZO0(ETO_Cik,1_ HP, BLTIP)
300 CONTINUE

C Computeth_ ooefftotent matrtoesl AsUH, BsUH, CSUM,
c kSt_ IS the ,%endingst|ffness matrJxs BSUMIS the

oen%rJfugaL s%jf'fe_ng matrix, _nd CSUH_s _ho
c massmatrix,

DO 470 K = 1,4

DO 440 I = K,4

DO 400 I = I, NP

EKBEND(|) = EIAREA(|)*POLYDD(K,[)*POLYDD(L,I)
EKMAS$(I)= HASS(I)wpoI.Y(K,I)*POLY(Ltl)

EKTOMG(1): TTONGA(1)*POLYDT(K,|)WPOLYDT(t,,I)
400 CONTINUE

C Compu_ the K,E th elect of rho ooefflo_entmatrices,

ASL_(KrL) = SIMPSN(O,, HLTIP, HP, EKBEND)
BSUH(K,L) = SIMPSN(O,, 6LTIP, HP, EKTONQ)

CSUM(K,L)= SIMPSN(O,, BLTtP, NPe EKMAS5)
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440 CONTl NUE

470 CONTINUE

C Once the diagonal and upper triangular elements are

C c_tedo reflect the upper triangle onto the low;.,r

C one.

PO 520 K = 1,3

DO 510 L = K+1,4

ASUI_(L,K)= ASUM(K°L)

BSUM(L,K) = BSUM(K,L)

CSUM(L,K) = CEt_"t(K,L)

510 CONTINUE

520 CONTINUE

NDIM = 4

NDP -- 4

C Add the Centrifugal st(ffening term to

C the bending stiffness terms.

C Form the new matrix DSlJM

ONGA2 -, _._¢_ * OMEGA* .0109662271124

DO 1820 I = 1,NDIM

DO 1830 J - 1,NDIM ..

DSUMCI,J) = ASU_(I,J) + ONC_2* BSUMCI,J)

1830 CONTINUE

1820 CONTINUE

CALL JACOBI(CSUM,NDIM,NDP,VALU,VECTR1)

CALL.EIGSRT(VALU,VECTR1 ,NDIM,NDP)

DO 880 1 = I, NDIM

DO 870 J = I, NDIM

SVALU ---SQRT(VALU(J))

QPRIME(I tj) = VECTRI(I ,J)/S'VALU

870 CONTINUE

880 CONTI NUE

DO 900 I = I,NDIM

DO 890 J = I,NDIM

QTIU_NS(J,I) = QPRIME(I,J)

890 CONTINUE

900 CONTINUE

CALL NULT(QPRIME,DSUI%PRDCT1,NDIM,NDIM)

CALL NJLT(PRDCT1,QTRANS,PRDCTZ,NDIN,I_IM)

CALL JACOSICPFJ}CT2,NDIM,_P,VALU,VECTR2)

CALL EIGSRT(VALU,VECTRE,NDIN,NDP)

CALL MULT(VECTR2,QPRXME,VECTR3,NDIM,NDIM)

C The frequencies of interest are actually the square roe,ts
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DO 915 d = 1,NDIH

SUNSQ --. O.

DO 910 I = 1,NDIM

SIJMSQ- SUMSQ. VECTR3CI,J)_2

910 CONTINUE

I¢_GCJ) = SgRTCSt.qSQ)

915 CONTINUE

DO 920 ; = 1, NDIN

FREQ(1) = SQRT(VALU(NDIH+I-]))

920 CO_T| NUE

DO 960 I = 1,NDXM

DO 940 J = 1,NDIM

LANDA(I,J) = VECTR3CX,NDIM+I-J)/HAGCNDXM+I-J)

940 CONT;NUE

960 CONTINUE

PRINT*, 'Enter n=ne of Bod,shape and frequency output fi le o

READ*, MOOOUT

OPENCS, FILE = M_OUT, STATUS = 'UNKNOVN')

t/RITE(B,*) 'FREQUENCIES = 0

k_ZTE(8,*) (FREQ(I), I=I,NDIIq)

DO 670 ! : 1,4

DO 660 J = I,NP

SHP(I,J) = O.

SHPDOT(I,J) = O.

SHPDD(I,J) = O.

660 CONTINUE

670 CONTINUE

DO 700 ! = 1,NP

DO 690 J = 1,NDIM

DO 680 K = I,NDIH

SHP(J,I) = SHP(J,I) + LNOA(K,J)*POLY(K,I)

SHPDOT(Jtl)= SHPDOT(J,]) + I.AMDA(K,J)*POLYDT(K,I)

SHPDD(J, ]) = SHPDD(J, ] ) + LAHDA(K,J)*POLYDD(K, ! )

680 CONTINUE

690 CONTINUE

700 CONTINUE

DO 1400 I = 1,NDIH

TZPDFL = 1.

DO 1390 J = 1,NP

SHP(i,J) = SHP(I,J)/TZPDFL

SHPDOT(! ,J) = SHPDOT(I _J)/TIPDFL

SHPDD(I,J) = SHPDD(I,J)/TIPDFL

1390 CONTI NUE

1400 CONTINUE

;tRITE(B,*) 'Hod,shapes-. '

DO 720 ! = 1,NP,IO

WRITE{8,*) 1, (SHP(J,I), J = I,NDIM)
72__0EI3MTI NUF
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RETURN

END

SUBROUTINE JACOBI(A,N,NP,D,V)

PARAMETER(NMAX=IO0)

DIMENSION ACNP,NP),D(NP)tV(NPtNP_tB(NMAX)tZ(NHAX)

DO 12 XP = 1,N

DO 11 lO = 1,N

V(IP,IQ) = O.

11 CONTINUE

V(IP,IP) = 1.

12 CONTINUE

DO 13 IP = I,N

B(IP) = A(IP,IP)

D(IP) = BCIP)

Z(IP) = O.

43 CONTINUE

NROT = 0

'DO 24 I = 1,50

SM= O.

DO 15 IP = 1,N-1

DO 14 ]O = IP+l, N

SM = SM + ABS(A(IP,IQ))

14 CONTINUE

15 CONTINUE

IFCSM .EQ_ 0.) RETURN

IF(I .LT. 4) THEN

TRESH = 0.2*SM/N**2

ELSE

TRESH = O.

ENDIF

DO 22 IP = 1,N-1

DO 21 IO = IP+I,N

G = IO0.*ABS(A(IP,]Q))

IF( G .LT. 1.0E-OB)THEN

A(IP,IQ)=O.

EI,.SEIF( ABS(A(IP,IQ)) .GT. TRESH)THEN

H = D(IQ)-D(IP)

IF(ABS(H) + G .EQ. ABS(H))THEN

T = AEIP,IQ)/H

ELSE

THETA = O.5*H/A(IP,IQ)

T = 1./(ABS(THETA) + SORT(1.+ THETA**2))

IF(THETA .LT. O.) T = -1,* T

ENDIF

C = 1./SQRT(I+T**2)

S = T*C

TAU = S/(1.+C)

H = T*A(IP, IQ)

Z(IP) = Z(IP) - H

ZCIO) = Z(la) + H

D(IP) = D(IP) " H

.

- =
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DCIQ) = D(IQ) + H

A(IP,IQ) = O.

DO 16 J=l, IP'I

G = A(J,IP)

H = A(JfIQ)

A(J,IP) = G-S*(H+GtTAU)

ACJ,IQ) = H+S*(G-H*TAU)

16 CONTINUE

DO 17 J = IP+I, IQ-1

G = A(IP,J)

H = A(JtIQ)

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

A(J,Ig) = H.S*(G'H*TAU)

17 CONTINUE

DO 1B J = IO+l, N

G = A(IP_J)

H = A(IQ,J)

A(IP,J) = G'S"(H+G_TAU)

A(IQoJ) = H+S*(G-H*TAU)

18 CONTINUE

DO 19 J = 1,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 CONTINUE

NROT = NROT + 1

ENDIF

21 CONTINUE

22 CONTINUE

DO 23 IP = 1,N

B(IP) = BCIP) + Z(IP)

D(IP) = B(IP)

Z(IP) = O.
i

23 CONTI NUE

24 CONTINUE

RETURN

END

SUBROUTINE EI_SRT(D,V,N,NP)

DIMENSION D(NP), VCNP,NP)

DO 13 I = I, N'I

K=I

P=D(1)

DO II J=I+I,N

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

K=J

P--O(J)

ENDIF

11 CONTINUE

IF(K .NE. I) THEN

D(K) = D(1)
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i

i

D(1) = P

DO 12 J = I,N

P = V(J,])

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

V(J,K) = P

12 CONTINUE

ENDIF -

15 CONTINUE

RETURN

END

SUBROUTINE INPUT ( NP , NPTS , FILOUT )

C * *

C * Subroutine INPUT performs the following tasks: *
C * *

C * 1 - Opens inst and output data files. *

C * 2 - Reads in blade property and wind turbine data.' *

C * 3 - Checks validity of input data. *

C * 4 - Performs a lineal interpolation between data *

C * points to provide data at the proper points for *

C * the COEFF$ subroutine, *

C * 5 - Performs unit conversions. *

C * *

C * *

C * External references in this routine: *

C * *

C * CAPS - Converts strings to upper case. *

C * INTERP " Subroutine that performs a linear interpo- *

C * [ation of the input data. *

C * *

C * *

C * Named COMMONblocks used in this routine: *

C * *

C * AERO - Aerodynamic blade properties derived fro_ *

C * input aerody_ic data. *

C * BLADE - Blade position dependent values that are *

C * co_¢_Jtedby linear interpolation of the in- *

C * put property data. *

C * LITERL - Data file titles used for printed output. *

C * PANELS - Used to communicate with the interpolation *

C * subroutine INTERP. *

C * TURBN - Turbine related variables. *

C * WIND Wind related variables. *

C * *

C * *

C * Local and dummy variables used in this routine: *

c * *
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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 * (radi ans**" 1) / *

C * ACLNAX - The maximum or stall value of the (:,,.t t/,;_- *
C * - efft ct ent. _/ *

C * AEIARE - Moment of inertia of blade at dati_ st_t:_lon.; ,*
C * (10''6 Lh-Ft**2) *

C * AESBAC - Distance iron1 elastic axis to aercx:_mamtc *

C * center. Origin is at the elastic axis; It *

C * is positive if the elastic axis is forward *

C * (toward the Leading edge) of the aeroo_mam- *

C * ic center. (feet) *

C * AIEMAS - Second mass moment of the blade cross sec- *

C * tion in the edgewise direction. (Lb-sec^2) *

C * AIFPU_S - Second mass moment of the blade cross sec- *

C * tton in the flal_ise direction. (Lb-sec^2) *

C * ANS Literal containing the answer to a clues- *
C * tion. *

C * AOFFST - Distance from the elastic axis to the mass *

c * _xes of blade section. Positive towards *

C * the Leading edge. Called E-sub-eta in the *

C * formulation. (feet) *

C * ATWIST - The blade built-in twtst angle as a func- *

C * tion of posi':ion along the blade span. The *
C * built-in twist at each of I 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. Generally speaking, *

C * #,TWiST(Reference Station) = THETAT. *

C * ERROR - Error flag indicating an invalid XLEFT ar- *

C * ray. *

C * FILEIN - Literal containing the name of the input *
C * data fi le. *

C * FILOUT - Literal containing the name of the _JtpCJt *

C * data file. *

C * GRAV - Constant of gravitational acceleration as *

C * rrmasured at sea Level. (feet/second**2) *

C * I - Generic index. *

c. * NP - Number of blade property values used in *

C * performing composite Simpson's integration *

C * for the M and K coefficient arrays. Tt_is *

C * number is approximately 10 times the NPTS *

C * value. *

C * NPANEL - Hurdler of blade property values to be read *

C * in from the i_t data file. *

C * NPTS Number of points along the blacle used to *

C * perform Simpson's integr'_tion for calculat- *

C * ing the _ts ar_J forces at the blade *

C * root. *

C * RAD2DG - Degrees to radians conversion factor. *

C * RTWIST - The blade twist angle relative to the zero- *

C * lift line. (radian_) •

C * WEIGHT - glede section weight per unit length, lh- *

C * put as blade station data. (Lbf/ft) *

C * *

C *'_'W'_'erW*"*WW'Ik,*.'WW'Wt_Vr*IZ,'t'J_r*'W_'*_'t * _ WWlC"CrW** '¢r*'*'IPW"_'** zrzir.W._. __ _...

=
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REAL ACDZERC11)
REAL ACHORD(11)

REAL ACLALFC11)
REAL ACLMAX(11)

. REAL AEiARE(11)
REAL AESBAC( 11)

REAL AI EMAS(11)
REAL AI FNAS(11)
REAL AOFFST(11)

REAL ATWlST (11)
REAL GRAV
REAL RAD2DG
REAL RTWIST (11)

REAL WEIGHT(11)

INTEGER I
INTEGER NP

INTEGER NPANEL
i NTEGER NPTS

LOGICAL ERROR

CHARACTER'S0 F1LEIN
CHARACTER*50 FI LOUT

I NCLUDE ' C: INCLUDE_AERO.I NCs

iNCLUDE lC: INCLUOE\BLADE,INCI

LI
INCLUDE ' C: INCLUDE\L I TERL,I NC' _1

INCLUDE I C:IHCLUDE\PANELS,lHC' i I.
'i
[

INCLUDE 'C: INCLUDE\TRBINF,iNCt !
I

I WCLUDE ' C;]NCLUDE\TURBN,INCa ! i

INCLUDE tC: INCLUDE\WIND,INC'

J_

DATA GRAV / 32.1740 /

DATA RADZDG/ 57.29577951308233 / I

T
1000 FORMAT( / _ Subroutine INPUT: Input and process new blade' j

& / ' and turbine data.' / ) I
1100 FORMAT( A ) ! I

Ii!1200 FORMAT( / ' *_* invalid response ***, / ) i

1300 FORMAT( BN, 6X , F16.5 )
1400FORMAT( BN , 6X , 110 )

1500 FORMAT( BN , 12X , 11( F10,5 , : ) )
2000 FORMAT( // 3( 1X , A / ) / _ Parameter vatues:' / )

2100FORMAT( IX , A , F12.5 , 10X , A , I6 )

2200 FORMAT( IX , A , F12.5 , IOX , A , F12.5)

2300 FORMAT( IX , A , I6 , 16X , A , F12.5)
2400 FORMAT( ' XLEFT WEIGHT AEIARE '

& , ' AIEIV&S AIFNAS AOFFST' / )

2500 FORMAT( 11( Fll.5 , 5F13.5 / : ) )
2600 FORMAT( / ' ACHOPJ:) ATI_IST ALCALF i

& , t ACLMAX ACI)ZER AESBAC'/ )
2700 FC)_tAT( / ' STA")
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2750 FOffHAT( 11(F10.3/:))
3000 FORHAT( / >>> Error: BLade data do not start at blade root: I

& t <<<1
& I >>>I i 50X , I<<<I

& / >>> XLEFT(1) =l , F8.3 , I t but should bet
& , zero. <<<s)

3100 FORMAT( / >>> Error: BLade data do not end at blade t|p_ i
& ¢<<s

& / >>>t , 46X , I<<<l
& / >>> XLEFT(I s I2.2 t I) =1 F8.3
& , I but should be <<<t
& / >>> equal to BLTIP =1 , F8.3

& , , <<<, / )

3200 FORMAT( / ' >>> Please correct input file and rerun Job <<<,
& /// i FLAPterminated abnormally due to the error listed'

& I ' above.' / )

C Initialize the nunt_r of shape functions.

NSHAPS= 4

C Get input and output data file names. Open the input file.
C Detemlne rotor type. Road data from inputfile.

PRINT 1000

pRINT *, 'Enter nameof input data file •
READ 1100, FILEIN

OPEN( 1 , FZLE=FILEIN , STATUS=fOLDI )

PRINT ,, i i
PRINT *, _Enter nameof output data file > i
READ 1100, FILOUT

CALLCAPS( FILOUT )

110 READ(I,1100) TITLEI
READ(1,1100) TITLE2
READ(I,1100) TITLE3

READ(I,1300) ALENTH
READ(I,1300) ALPHAO

READ(1,1300) BETAO
READ(I,1300) BLSHNK
READ(Iw1300) BLTIP
READ(1,1300) CHI

READ(1,1300) CSUBHA
READ(1,1300) DRGFRH
READ(1,1300) HUBItT

READ(1,1300) HUBRAD
READ(1,1400) KSHADW
READ(1,1400) NBLADS

READ(1,1400) NPANEL
READ(1,1300) OMEGA
READ(1,1300) PHIAMP

READ(1,1300) PHIOHG
READ(1,1300) PHIO

q
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READ(1,1300) PSIZER
READ(1,1300) SHERXP
READ(1_1300) THETAP
READ(1,1300) THETAT

READ (1,1300) TSUBP
READ(1,1300) TSUBO
READ(1,1300) VHUB

READ(1 1500) ( XLEFT (I) , I=INPANEL )
READ<1 1500) (WEIGHT(I) , I=1NPANEL )

READ(11500) (AEIARE(I) s I=INPANEL )
READ(1 1500) (AIEMAS(1) , I=1 NPANEL)
READ(11500) (AIFMA$(I) , I=INPANEL )
READ<11500) (AOFFST(I) _ I=1 NPANEL)
READ(1,1500) (ACHORD(I) I=I.NPANEL )
READ(1.1500) (ATWIST(I) I=INPANEL )

READ(1,1500) (ACLALF(I) I=I,NPANEL )
READ(1,1500) (ACLMAX(1) ]=I.NPANEL )

READ(1,1500) (ACDZER(I) I=I,NPANEL )
READ(1,1500) (AESBAC(I) I=I,NPANEL )

READ (1,1400) NUHSCN
READ(1,1300) TIHINC
READ(1,1400) MSTAT

READ(1,1500) (STA<I), I=I,MSTAT)

C Close tnixlt file.

CLOSE(l)

C Echo input data.

PRINT 2000, TITLE1 , TITLE2 , TITLE3

PRINT 2100, 'ALENTH= ALENTH, 'NPANEL= , NPANEL

PRINT 2200, tALPHAO= ALPHAO, 'OMEGA = , OMEGA
PRINT 2200, _BETAO= BETAO , tPHIO = , PHIO

PRINT 2200 IBLSHNK= BLSHNK, 'PHIAMP= , PHIAMP
PRINT 2200 IBLTIP = BLTIP , rPHIOMG= , PHIOMG
PRINT 2200 'CHI = CHI , IPSIZER = , PSIZER
PRINT 2200 'CSUBMA= CSUBMA, tSHERXP= , SHERXP

PRINT 2200 'DRGFRM= DRGFRM, 'THETAP= q THETAP
PRINT 2200 'HUBHT = HUBHT , tTHETAT= , THETAT
PRINT 2200 'tlUSRAD= HUBRAD, tTSUBO = , TSUBO

PRINT 2300 'KSHADN= KSHADW, 'TSUBP = , TSUBP
PRINT 2300_ 'NBI.ADS= NBLADS, 'VHUB = , VHUB
PRINT 23_0, 'NUMSCN= NUMSCN
PRINT 2200, tTIMINC = TIMINC

PRINT 2300, 'MSTAT = MSTAT

PRINT *, , I
PRINT *e 'Hit<Enter> to con,|hue...'

200 PRINT 2400

PRINT 2500, ( XLEFT(I) , WEIGHT(I) , AEIARE(1) , AIEMAS(1)

& , AIFMAS(1), AOFFST(1), I=I,NPANEL)
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PRINT *t I t

PRINT * I °Htt <Enter> to oonttnue.., t

READ(*,1100,END=210) ANS

210 PRINT 2600

PRINT 2500, (A_HORD(I) , ATWIST(1) t AGLALF(]) w ACLMAX(1)
& r ACDZER(I) t AESBAC(I) i I=leNPANEL)

PRINT * t t I

PRINT wt IHit <Enter> to oont|nue... I

220 PRINT 2700

PRINT 2750, ( STA(I)t ]=I_MSTAT)

PRINT , t tI

PRINT * S SHtt '<Enter> to ¢ontfnue... i

READ(*,1100,END=300) ANS

C Check vattdtty of XLEFTarray. XLEFTmust start at blade root
c and end at blade rtp.

300 ERROR= .FALSE.

IF (XLEFT(1) .NE. 0.0 ) THEN

PRINT 3000, XLEFT(1)
ERROR= .TRUE,

ENDIF

IF (XLEFT(NPANEL) .NE. BLTIP ) THEN

PRINT 3100_ NPANEL, XLEFT(NPANEL), BLTIP
ERROR= .TRUE.

ENDIF

IF ( ERROR) TttEN
PRINT 3200
STOP

ENDIF

C Perform unit conversions - Lbmto slugs, degrees to radians.

DO400 %=I,NPANEL
IWEIGHT(1)= WEIGHT(1)/GRAV

AEIARE(1)= AEIARE(1)*I.E06

AIEMAS(1)= AIEMAS(I)

AIFMAS(1)= AIFMAS(1)

RTWIST(1)= ( THETAT- ATWIST(1)- ALPHAO )/RAD2DG
400 CONTINUE

C Perform linear Interpolation of blade properties to set up
c arrays of b(ade property data at equidistant points along the
c blade. The arrays are used by the COEFFSsubroutine to produce
C the coefficient matricies,
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BT_P= BLTIP/( HP - _ )

CALLINTERP( WEIOHT HASS NPANEL NP )
CALLINTERP( AIBHAB IEHASS NPANEL NP )
CALLINTERP( AIFHA8 IFHASS NPANEL NP )

CALLINTERP( AEIARE EIAREA NPANEL NP )
CALLINTERP( AOFFgT OFFSET NPANEL NP )

, CALLINTERP( ACHQRD CtlORD NPANEL HP )
CALLINTERP( RTWIST THETAO NPANEL NP )

C Thesepropertyarrayswiltbe USedby _he RUN subroutinefor

C solving the governing equations and for catoutation of the
C loads and moments,

STEP= BLTIP/( NPTS- 1 )

CALLINTERP( ACLALF, CLALFA_ NPANELe NPTS)
CALLXNTERP( ACDZER_ CDZEROt MPANELe NPT8 )

CALLINTERP( AESBAC+ ESUBAC_ NPANELs NPTS)
CALL INTERP( ACLH/_(, CLHAX t NPANEL_ HPTS)

RETURN
END

SUBROUTINEINTERP( GIVEN + CHPUTD+ NPANEL, NP )

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

C * *

C * This subroutine performs _ ltnear interpolation of the *
C * input data set. The t_l ...... blade data oontalns NPANEL *
C .* data points, The data are interpolated to provide data *

C * at NP evenly spaced points, *
C * *
C wwww,*tl_t,zlr_W.ww,,._1lr**'****'ct*lt¢'**'.k'*W_W_lk-k.W.W*_W_ W'** W*W** * * *l_-.k_*_ *

C ** *lk'w'W"w*'w'w*Ww'*'W_.w-ww'w'w** _"w_w*vrtt*'_k.wst,cr__t'.k-W"lPw.¢r_'*lk_tk_"_w* *, *w*_** _ *
C * w

C * Local and dummyvariables used in this routine: *
C * *

C * CMPUTD- Regularly spaced interpolated data, *
c * GIVEN * Unevenly spaced input data.
C * ]PNL - inclex into the GIVEN array. *

C * JPT - lnclex into the CMPUTDarray. *
C * ROVE - Flag to see if welve moved to the next pan- *
C * el. *

C * NP - Nun_er of everlly spaced data points. *
C * NPANEL- Numberof unevenly spaced data points. *
C * PTR - ata,de position pointer, i¢ is the location

C * of the next interpolated value. *
C * SLOPE - slope of the line bardeen two GIVEN data *
C * points. *
C *

|NTEGER NP

INTEGER NPANEL

REAL CHPUTD(NP)
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REAL QIVUN (NPANEL>
REAL PTR
REAL SLOPE

XNTEgBR IPNL
INteGER JPT

LOGICAL HOVE

INCLUD_ eCtINCLUDE\PANBL.S,IN_I

C InitiaLize GIVENtndax and pointer.

IPHL = 1

PTR = 0.0

C Computeslope between f4rst two data potnts,

SLOPE= (GIVEN(2) - GIVEN(l) )/XLEFT(2)

C Computeproperty at each of the NP evenly spaced potnts,

DO20 JPT=i,NP-1

CMPUTD(JPT)= GIVEN(IPNL) +SLOPE*( PTR - XLEFT(IPNL) )

PTR= PTR. STEP

C Make sure that the new data point ts tnstde the current
C paneL. Otherwise, moveover one step.

IF ( JPT .LT. MP-1 ) THEN

HOVE= .FALSE.

10 IF ( PTR .GT. XLEFT(IPNL+I) ) TflEN
]PNL= ]PNL + 1

MOVE= .TRUE.
GOTO 10

END IF

IF ( HOVE) SLOPE= (GIVEN(|PNL+I) - GIVEN(IPNL) )/
& (XLEFT(IPNL+I) o XLEFT(IPNL) )

END IF

20 CONTINUE

CNPUTD(NP)= GIVEN(NPANEL)

RETURN

END

FUNCTIONLNTH( STRING)
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C * *

C * Funotlon LNTII returns the length oi _ oh,rnoter string, *
C * When using the Lahey _77Locwmiler,the Intrln.lolung. *
c * tlon NBLANK oon be used aB we de here, Thi_ funotlon *

C * We, su_(ted to mk, o_ver_(on to other oogOnia,r@ea_. *
C * ler, *

C * *

C * NamedCOtW40Nb_ookBused In this routine, *

C * none *

C * * '

C * *

C * Verlob_esused In thlsroutlne_ *
C * *

c * lC - OenerloIndex, *

C * LENGTH-The dettored _engthof STRING, *

C * LNTtl - The location o_ the £ast _blank character *
c * in STRING, *

C * STRING - A character string+ *
c * *
C ************--********************************************

INTEGER IC

INTEGER LENGTH

INTEGER LNTH

CHARACTER*(*) STRING

Get the declaredtengthof STRINGusing the FDRTRAN77 _ntrlnslo
C funotion LEN.

LENGTH= LEN( STRING)

C Find the rotation of the [ast nonbLank character _n STRING.

DO 100 IC=LENGTtI,I,'I

LNTII= IC

IF (STRING(lC:lC).NE.' _ ) GO TO 200

IDO CONTINUE

C STRING is atr b(anks,

LNTH= 0
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ZOORETURN

BND

gUBROEITINEIPRNCOB( F[LOUT , NrTS )

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

C * *

C * This subroutine wr|tea the data reqU+red to run HOOULE *
C * 2 tnto the run data file, VariabLe na_s are ]notuded *

C * In the file for Informational purposes only, ALL var1- *
C * abLes wr(iter Into the run data file have been defined *

C * previously+ NamedoommonbLooks Ai_RO,BLADB,TURBNand *
C * WIND ftrat appear Jn oubrouttne INPUT, Namedool_on *
c * bLook= HATRX1 and HATI_X2 are ooeputed In subroutine *
c * COBFFS, *
C * *

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

C * *
C _ NamedCOH_q bLooksused +n thts rot.ltlnel *
C * *

C * AI_RO - Aerodyr_(a blade properties derived from *
c * input aerodynamic data. *

C * BLADE - B_ade position dependent values that are *
C * oocputed by linear |nterpotatJon wf the tr- *
c * put property data. *

C * HUBTYP- HoLdsflag Jndjoating the type of hub (rJ- *
C * Hid or teeter|rg). *

c * LI_ERL - Data fJ_e t_ttes used for prtnted output. *
C * LO_VAL" *

C * HATRX1- HoLdssome of the ooeffJoJent matrtoes wf *

c * the governing equation of _otion, *
c * HATRX2- ttoLcLssome of the ooefftoJent matrloesof *

C * the governing equal _on tJf mot_on, *
c * TENSIN - HoLds tenston oomponentsof the stiffness *
C * funottons. *
c * TURBN - Turbine reLatedvariables. *

L; * WIND - Wind related variables, *
C * *
C ***--**--*****************--**************************

C * *

C * LooaL and duro/ variables used in thts rout]rm= *
c * *

c * COL - COtUl_ triplex Jllto n_atrtoes. *

C * FILOUT - Literal oontaJnJng the w_moof the output *
C * data ft le, *
C * I - Generi o _ndex. *
C * N - Generic index. *

c * NPTS - Number wf points along the blade used to *
c * perform Sjmpsonls |ntegratton fol oaloulat- *
c * Ing the moments and foroes at the blade *

C * Poet. (passed from FLAP1) *
c * NSHPS - Numberof blade shape funottons. Set to 1 *

c * for use by I_OOULE2. *
C * RO_/ " Rowindex into mtrtces. *
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INTEGER COL
!INTEGER I
!NTEGER LNTH

! NTEGER N
INTEGER NPTS
][NTEGER NSHPS

][NTEGER ROW

CHARACTER*50 FI LOUT

][NCLUDE ' C: ][NCLUOE'_AERO.I NC'

! NCLLIDE JC:]NCLUOE\BLADE.]NC

l NCLUOE sC: I NCLUDE\LI TERL.I NC'

INCLUDE ',C=1NCLUDE\LOOVAL.I NC'

I NCLUOE i C: i NCLUDE\HATRX1.][NC'

I NCLUOE eC:]NCLUOE\HATRX2.!NC'

%NCLUDE *C:%NCLUDE\TENS]N. %NC'

INCLUDE _C:][NCLUDE\TRB][NF. !JNC'

INCLUDE tC: INCLUDE\TURBN.INCt

INCLUDE 'C: INCLUDE\W][ND,INCe

INCLUDE _C:][NCLUDE\NODAL.][NCI

2000 FOP.RAT( 3( A / _ / )
2100 FOP.NAT( A )

3000 FORHAT( / 13X , rALENTH' , 18X 'ALPHAO' 18X , ' BETAO'
& / 3( 1PE24.10 ) )

3100 FORNAT( / 13X , _BLSHNK', 18X ' BLTIP' 18X , ' CHI '
& / 3( 1PE24.10 )

3200 FORNAT( / 13X , rCSUBKA', 18X 'DRGFRW 18X , ' HUBHT_
& / 3( 1PE24.10 ) )

3300 FORNAT( / 13X , tHUBRAD', 18X t OHEGA' 18)( , ' PHIO '
& / 3( 1PE24.10 ) )

3/*00 FOP.RAT( / 13X , tPH]AHPl , 18X lPR!lONG_ 18)( , ePSIZERf
& / 3( 1PE24.10 ) )

3500 FOP31AT( / 13X , _SHERXW, 18X _THETAP' 18"X, 'THETAT_
& / 3( 1PE24.10 ) )

3600 FORNAT( / 13X , ' TSUBO' , 18X ' TSUBP_ 18]( , ' VHUB'
& / 3( 1PE24.10 ) )

3700 FORKAT( / 1OX , 'KSIIADW' , 12X 'NBLADS'

& , 12X , tNSHAPS', 12X , ' NPTS' / %14 , 3( ][18 ) )
3860 FORNAT( / 1OX , 'NUNSCN=', ][6)
3870 FORHAT( / 1OX , 'TIH]NC=', F10.5)

3880 FO4_HAT( / IOX , tHSTAT=r, 13)

4000 FORMAT( / A , 26( / 4( IPE18.7, : ) ) )

5000FOP_ttAT( / ' CKTCRL(e , ][2_ ',K,L)" , 4( / 4( IPE18.7) ) )

6000 FOP.HAT( / A / 4( IPE18.7 ) )

6100FORMAT( / I TCORLS(I , ]I ,'l ][).s, 26( / 4( IPE18.7, : ) ) )
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6050 FORMAT ( / ' STA(Z)-' , 264 / 54 1PE14.3, : )))

7'000 FORMAT ( / I CIFHOM(I , 11 , I,I)-' , 26( / 44 1PE18.7 , : ) ) )

8000 FORHAT ( / I Data for MOOULE2 have been written to i , A , ,.'

& /)

C Open output data file.

_EN ( 2 , FILE'FILOUT , STATUS='UNKNOWNt )

C Put titles in run data fire.

k_ITE (2,2000) TITLE1 , TITLE2 , TITLE3

C Put scalar values into run data file.

WR%TE(2,3000) ALENTH , ALPHAO , BETAO

WR%TE(2,3100) BLSHNK , BLT]P , CH!

WRITE (Z,3200) CSUBHA , DRGFRM , HUBHT

WRITE (2,3300) HUBRAD , OMEGA , PHIO

WRITE (2,3_,00) PHIAJqP , PHIORG , PSIZER

WRITE (2,3500) SHERXP , THETAP , THETAT

t4RITE 42,3600) TSUBO , TSUBP , VHUB

C Use the value 2 for NSHAPS, which is the preferred value for

C MODULE2. Use the variable name NSHPS to avoid overwriting

C NSHAPS.

NSHPS = 2

WRITE (2,3700) KSIC_DW, NBLADS , NSHPS , NPTS

WRITE (2,3860) NUMSCN

WRITE (2,3870) TIHINC

WRITE (2,3880) NSTAT

I_ITE (2,6050) (STA(]), I=1, MSTAT)

C Put vector values into run data file.

WRITE (2,4000) t CLALFA.J , (CLALFA(|) , ]=I,NPTS )

WRITE (2,4000) _ CLNAX -' , ( CLNAX (]) , I=loNPTS )

k_ITE (2,4000) 0 CDZERO._ , (Ct)ZERO(I) , ]=I,NPTS )

MRITE (Z,4000) ' CHORD- ' , ( CHORD (I) , I=I,NPT$ )

MRZTE (2,4000) i ECNTFN.I , (ECNTFN(%) e [=I,NPTS )

WRITE 42,4000) _ ESUBAC-_ , (ESUBAC(]) , I=I,NPTS )

WRITE (2,4000) ' THETAO-_ , (THETAO(]) , ]=I,NPTS )

C Put matrix coefficient vatues into run data fi Le.

WRITE (2,4000) a CIQ_END._

& , ( (CKBEND(ROt_,COL) , COL=1,4 ) , ROt_=l,4 )

MR|TE (2,4000) # Ck"TQI4G-t

& , ( (CtCTONG(RO_,COL) , C0L=1,4 ) , ROM=-I,4 )

kl_ITE (2,4000) ' ClCTGRV-a

& , ( (Ck'TGRV(RC_,COL) , C0L=1,4 ) , R0_1,4 )

_ITE 42,4000) i CKOLO0-'

wr"l,"1,_
%..-j_) ,,



& , ( (CKQLOD(ROW,COL) , COL=I,4 ) , ROW=I,4 )

WRITE (2,4000) i CMMASS-'

& , ( ( CICMASS(ROW,COL), C0L=I,4 ) , ROW=I,4 )

DO 500 N=I,4

500 gRITE (2,5000) N , ( (CKTCRL(N,RCY_I,GOL), COL=I,4 ), ROt@=-1,4)

C Put vector coefficient values into run data file.

WRITE (2,6000) _ CMRIGD-' , (CMRIC_)(I) , I=I,4 )

WRITE (2,6000) ' CMBLNC-' , (CMBLNC(1) , I=I,4 )

WRITE (2,6000) s CMGRAV-' , (CMGI_AV(1) , I=I,4 )

C Put matrix tension values into run data file.

DO 600 N=I,4

600 WRITE (2,6100) N , (TCORLS(N,I) , I=I,NPTS )

C Put vector gravity and centrifugal stiffening values into run

C data file.

WRITE (2,4000) ' TGP.AV-I , (TGRAV(1) , I=I,NPTS )

WRITE (2,4000) ' TI:_4GA-', (TOMGA(I) , I=I,NPTS )

C Put property values into run data file.

DO 700 N=1,4

700 WRITE (2,7000) N , (CIFMON(N,]) , I=I,NPTS )

WRITE (2,4000) ' DELTIM-' , (DELTIM(1) , I=I,NPTS )

WRITE (2,4000) ' OFFMAS-' , (OFFMAS(1) , I=I,NPTS )

DO 710 I = 1,4

WRITE(2,*) (LAME)A(I,J),J=I,4)

710 CONTINUE

C Run file generation complete. Print message and close file.

WRITE (*,8000) FILOUT(I:LNTH(FILOUT))

CLOSE ( 2 )

RETURN

END

FUNCTION SIMPSN ( L,OWLIM , UPLIM , NPTS , FOFX')

C l_lk"W.,W_,,_'WW-Wlk'-_llr_'tZ'_z¥,A,lk,I_W't_ lk.WW.Wlk'_. _r*qk....drW_k-,k.._ lk-W*-WW.WWlZ,_

C * *

C * This function performs coe_oosite Simpson's integration *

C * on a given set of data points. The forrmJLation appears *
C * in: *



C * Carnahan, et al, Appl,cd Numerical Methods, John *

C * Wiley and Sons, NY, pp. 78-79.

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 sp_ific point. *

C * H - Subinterval size, *

C * ! - Generic index. *

C * L_L]M .- Lower' Limit of integration. *

C * UPLIM - Upper Limit of integration. *

C * NPTS - Nudger of base points given by 2"N+1, where *

C * N is the r_Jnt>er of applications of Sin_son's *

C * rule. See N$IMP in the main program. Note: *

C * When ca*ling from subroutine COEFFS, the *

C * value of HP is used instead of NPTS. *

C * SIMPSN - Value of the integral from LOWLIM to UPLIM. *

C * *

REAL FOFX (201)

REAL H

REAL LCR_LI M

REAL SIMPSN

REAL UPLIM

INTEGEP I

INTEGER MPTS

C Compute the subinterval size and initialize the integral.

H = ( UPLIM - LO_lLIM )/( NPTS - 1 )

SIMPSN = 0.0

C Add in the inter_iate points. In the formulation, all even

C numbered points have coefficient of 4. In this case, the index

C must be shifted _o 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(HPTS)

SIMPSN = H*SIMPSN/_.O

RETURN

END

FUNCTION TRPZOD ( FOF , LOWLIN , NP , BLTIP )
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C * *

C * Function TRPZOD performs co¢_positetrapezoidal integra- *

C * lion on a set of data p_ints transmitted from the *

C * calling routin_. For derivation of the forncJla arid *

C * limitations, see Carrmhan, p. ;rS (see full reference in *

C * conlnents for fumction SIMPSN). For co4_Mo_Jtational effi- *

C * ciency, the interval width is not used in the formula- *

C * lion until the end when it is multiplied by the sum, *

C * *

C * *

C * Local and dummy variables used 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 function evaluated at specific points. *

C * (dummy argument) *

C * H - Subinterval length given by H=(B-A)/N. *

C * l - Index into the FOF array, *

C * LO_LIM - Index of the lower integration limit. The *

C * blade position indexed by LO_/LIM is given *

C * by BLTIP*(LOWLIM'I)/(NP-1). (o_=rm_/ argu- *

C * merit) *

C * NP - Number of evenly spaced data points. (dummy *

C * argu_nt ) *

C * TRPZOO - Value of the integral fro_ the blade posi- *

C * lion indexed by LOWLIM to BLTIP, *

C * *

REAL BLTIP

REAL FOF (201)

REAL H

REAL TRPZO0

INTEGER I

INTEGER LOWLIM

INTEGER NP

C Check to see if the lower and upper limits of integration are

C the same. If so, the integral is zero.

IF ( LOWLIM .EQ. NP ) THEN

TRPZOD = 0.0

RETURN

END IF

C Compute the distance between data points.

ii = BLTIP/( NP - I )
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C Initialize integral to the contribution of the end points.

TRPZO0 = 0.5*(FOF(L_LIM) + FOF(HP) )

C If there are only tvo data points, then we are done.

IF ( LO_LIN+l ,EQ. NP ) GO TO 20

C Add in the contribution of the inte_nediate points.

DO 10 I=LO_LIN+I,NP-1

10 TRPZOO = TRPZOD + FOF(1)

C Multiply by the interval width and return,

ZO.TRPZOD = H*TRPZOO

RETURN

END

SUBROUTINE RULT ( AHATRX , BMATRX, RESULT, H , N )

C . .,m_wwWlk'.4"lt_W'**lirA.We* **.*_ W*tW*,_4"t* W*,Jrk__ _ * *_ ** _ _ _ _ *

C * *

C * Subroutine HULT premultiplies 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 ANATRX gets multiplied *

C * by the matrix BMATRX, *

C *****_v*********_**_,_*******************

C * *

C * External references in this routine- *

C * *

C * none *

C * *

C * Named COl@lOftblocks used in this routine: *

C * *

C * NONE *

C * *

C * *

C * Local and dummy variables used in this routine: *

C * *

C * ANATRX - The incoming matrix to be premultiplied by *

C * the inverse CPJ_ASSmatrix. *
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C * BMATRX- The other incoming matrix whioh 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 (4,4)

REAL BMATRX(4,4)

REAL RESULT(4,4)

INTEGER I

INTEGER J

INTEGER K

INTEGER M

INTEGER N

c Multiply AMATRXby BNATRX 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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PROGPJd4FtJ_P2

C ,_ *'*****'****We W*_W'_,, W.W'k,t_t*** **zlrkW'_*

C * *

C * O0(_O0(X_ 0 _ 000(_0 *

C * 0 0 0 0 0 0 *

C * O(XX_ 0 O0(OXX) 000000 *

C * 0 0 0 0 0 *

C * 0 OGN_OO(X)0 0 0 *

C * *

C * Forces & L_tLs Analysis Progr_ *

C * w

C * Hc<_Jle 2 *

C * *

C * Version 2.01 *

C * *

C _ w

C * DISCLAIHER *

C * *

C * Neither the United States Del:_artment of EnergT, the *

c * Natior_l Re_lewable Energy Laboratory, *

C * the H|ck_est Research Ir_stitute nor anyo_ *

C * else who has _ invotve-_ in the *

C * creatic_, prockJction or delivery of this pr_rmn shall *

c * I_ liable for any direct, inciirect, cor_sequential, or *

c * incidental danmges artsi_ out of the tme, the results *

C * of _tse, or inability to tJse this prcxjram even if the *

C * United States Dtq_artnmnt of Energy has been advised of *

C * the possibility of st_:h claamges or claim. Some states *

c * do r_t allow the exclusion or limitation of liability *
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C * for consequential or incidental damages, so the above *

C * Limitation may not apply to you. *
c * *

C * *

C * The FLAP Code *

C * *

C * FLAP calculates the forces and moments on a wind tur- *

c * btne blade due to aerodynamic, inertial and gravita o *

C * ttonal forces. The aerodynamic effects include _ind *

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. A dynamic stall model can be added without *

c * substantial revision of the code. *

C * *

C *ltir* _r*vrWwWwww_**w_tw*wwwlew,*Wwww'W*-k_t_rew-_tw_twww_*_rw*w*,, _r**w* ** _

C * *

C _ Module 2 *

C * *

C * This program is the second of two modules that consti- *

c * tute the FLAP code. This second module performs the *

C * actual model run, computes the Loads and prints the re- *

C * suLts to an external data file. *

C * *

C ww,_rWWWWWW_WW_Vr*WW*WWW_rWW*_WWW*_*_WWWWW-***W*_WW*_,W,

C * *

C * Questions about the original formulation, theory, meth- *

C * od of solution and programm|ng should be addressed to: *
C * *

C * Alan b. _right *

C * Wind Research Branch *

C * Solar Energy Research Institute *

C * 1617 Cote BLvd. *

C * Golden, CO 80401 *

C * (303)Z31-7651 *

C * *
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C * *

C * 1/0 Conventtons; . *
C * *

C * Unit 2 - Diagnostics file * i

C * Unit 3 - Input run data *
C * Unit 4 - Results file *

C * Unit * - Monitor or keyboard *
C * *

C * ,
,i

C * External references in this routine: *
C * *

C * DATAIN- Reads in a data generated by MOOULE1. *
C * DIAG - Performs a test run of the aerod_n_ic rou- *
C * tines. *
c * RUN - Models the rotor blade motion. *
C * *

C * *

C * Local and du_y variaJ_les used in this routine; *
C * *

C * AN$ - Used to store inl:_t responses from key- *
C * board. *

C * HAVDAT- Flag that indicates that so_le data has been *
C * read in. *

c * HAVRUN- FLag that indicates that the model has been *
C * ,un. Used for diagnostic rur_s. *
C * NEWSET- Flag that indicates that a newdata set has *
C * been read in. *

C * HPTS - Numberof points along the blade used to *

C * perform SinT_son_s integration for calcu- *
C * la*ing the _nts and forces at the blade *
C * root. *

C * NSIMP - Orderof 'the composite simpson_sintegra- *
C * tlonused in the run. Parameteris se_ to *

C * 10 in order to make 21 blade property sta- *
C * ions. *

C * TODEGS- Logical variable that trKiicates the direc- *
C * *ion of conversion between degrees and ra- *
C * di arm. *
C * *
C . w_, Ik_1lr**1*ww_l_k_rw _ t _k_r* zer_t_t, _l_w_t_rwltt1lr*_wwt_r*_*qlr* wz_lk_rW_ t¢WW* _r*

INTEGER HPTS
INTEGER NS]MP

INCLUDE 'C:INCLLIDE\TRB1NF,INC_

LOGICAL HAVDAT

LOGICAL HAVRUN
LOGICAL NEI,/SET
LOGICAL TOOEGS

CHARACTER*I ANS
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DATA NAVDAT / .FALSE. t
DATA HAVRUN/ .FALSE, /

DATA NSIMP / 10 /
DATA TODEGS/ ,TRUE. /

100 FORHAT(

& // t Program For AnaLysis Of Horizontal Axis _tnd Turbtne_
& / _ ResponseTo Dynamic Loads_
& // i 140DULE21 )

110 FORHAT( / ' OperatiOns Menu'
& /i ............... ,
& // _ (R)ead in a data file'

& / i (S)et up and run the IttodeLI
& / t (D)jagnostj¢ run _
& / t (T)urbulence analysis _
& / _ (Q)utt')

120 FORHATC / ' Enter Option CR,SeD,T,Q) > _ )
150 FORMAT( A )

140 FORHAT( 1 You must select option (R) at least once before _
& / invoking this option. _ )

150 FORHAT( / Youmust select option (S) at Least once before _

& / invoking this option, e )
160 FORHAT( / InvaLid response. PLease try again. _ )
170 FORHAT( / FLAPceminated normalLy._ / )

C CatcuLate the number of blade property stations.

NrTS = 2*NS]HP + 1

C Print title.

PRINT 100

C Print menuof options. Ask for choice.

10 PRINT 110

2O PRINT 120

READ 130, ANS

C _hich option Mas chosen?

IF ( ( ANS .EQ. art ) .OR. ( ANS .EQ. 'r I ) ) THEN

C Read in a data file. Convert Limits values back to degrees
C if this tsn, t the first time we've read in data.

IF ( HAVDAT) CALLCONVRT( TOOEGS)
CALLDATAIN
HAVDAT= .TRUE.
NEWSET= ,TRUE.
GOTO 10

ELSEIF ( ( ANS .EQ. °Sl ) .OR. ( ANS .EQ. ISl ) ) THEN
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C Set up and r'un the modeL. Option (R) must have been

C pr'evi ousLy selected.

;F ( I_VDAT ) THEN

CALL RUN ( NPTS e NE_ET , NAVRUN )

GO TO 10

ELSE

PRINT 140

GO TO 20

END I F

ELSE IF ( ( ANS .EN. _D_ ) .OR. ( ANS .EN. _d _ ) ) THEN

C Run diagnostics. Option (S) laust have been previously

C selected,

IF ( HAVRL_ ) THEN

CALL D[AG ( NPTS )

GO TO 10

ELSE

PRINT 150

GO TO 20

END IF

ELSE IF ( ( ANS .EQ. 'T' ) .OR, ( ANS .EQ. 't' ) ) THEN

C Run tuPbuLence case. Option S must have been

C previously invoked.

IF ( I_VRUN ) THEN

ITURB = I

CALL TRBCLC( NP_S )

GO TO 10

ELSE

PRINT 150

GOTO 20

ENDIF

ELSE IF ( ( ANS .ME. :0' ) .AND. ( ANS ,NE. iqt ) ) THEN

C invalid response.

PRINT 160

GO TO 20

END IF

C Processing cofaptete.

PRINT 170

STOP

END

BLOCKDATA



C wt,***_r_r _*w_ */P**1_/rk/rcr_ttr*w_/rNw_tlv*/r*_ilt w*_**_ * **w, _, **_,

C * *

C * This module is used to initialize the CONHONblocks. *
c *

C **_r_** *Wt'_k'tW'*_*'k'_*'_*_**W *'**'_WW*W* t'**'W_ **** ******W* ** *_

C * *
C * NamedCOMMONblocks used in this routine: *
C * *

C * AER01 - Hnlds coefficients related to aerodynamic *
c * Loads calculations such as ClAlpha, CdZero, *
C * etc. *

C * AIRFRC- Holds values used in aerodynamic calcula- *
C * ,ions. *

C * BLADE - Holds blade property values such as stiff- *
C * hess and massdistributions. *

C * CONST - Turbine and other constants used in Load *
C * calculations. *

C * DELTV - Holds turbtne inputs for possible future *
C * use. Mot currently used. *
C * FORMS- Holds blade deflections. *
C * lhr - Holds the inverse of the mass matrix. *

C * LIH%TC- Holds values used in the LINITS routine. *
C * LITERL - Holds data set titles. *

C * LODVAL- Holds values used to compute blade Loads. *
C * NATRX1- Holds stiffness coefficient In=trices. *

C * HATRX2- Holds some of the coefficient matrices of *

C * the governing equation of motion. *

C * POSITN - Holds parameters related to blade position *
c * such as PHIe PSI, etc. *
C * SARAYS- Holds new and old values for the general- *
C * i zed coordtrates. *

C * SHAPE - Holds blade coordinate shape furctions. *
C * START ,,Holdsinitialbladedeflection. *

C * TENSIN- Holds tension componentsof the stiffness *
c * funct i ors. *

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 * WIND - Holds wind shear and tower shadow parame- *
C * Lets. *

C * WNDVEL- tlolds values used in wind shear and tower *

C * shadowcomputations. *
C * *
C _Jr_/r*1_t_lk _--"-"-"_.-""-_-;.., J,J,Ir/r_**/r*/_t*/r***/Wr_***1_t*tWrt_k**/_V*/r*/r_.*-l_*

C * *

C * COI_40Nvariables used irt Nodule 2 of FLAP: *
C * *

C * ABAR Dimensionless form of ALENTH ( ALENTHdi- *

C * vided by the rotor radius, RR ). *
C * AINVRS- The inverse CHI_:S matrix. *
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. (Qeneratly 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 * Q_=greesand converted to radians. (radtans) *

C * (inpuT. data) *
C * BLSHNK- Length of blade shank measured from the *
C * blade root to the start of the at rfoil sec- *

C * tton. If airfoil begins at the root, then *
C * BLSHNK=O,(feet) *

C * BLTIP - Blade lengtt_ measuredfro_ 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 alo¢tg the blade. Derived from *
C * ACDZERvalues. (dimensionless) *

C * CHI - Rotor pitch angle. Input in degrees and *

C * converted to radtans. (radtans) (input *
C * data) *

C * CHORD - Blade chord at equidistant points along the *
C * blade. Derived from ACHORD. (feet) *

C * CIFMOH- integral of DIFMOtt. *
C * CKBEND- Bending stiffness matrix. *

C * CKQLO0- Inertial raoraentstiffening matrtx. *
C * cICrCRL- Coriolis stiffening matrix. *
C * Ck'TGRV- Gravity stiffening matrix. *
C * CKTO_G- Centrifugal stiffening atatrtx. *

C * CLALFA- SLope of the lift curve at equidistant *
C * points along the btade. Derived from ACLALF *
C * values. (radians^- 1) *
C * CLNAX - The maximumor stall value of the lift co- *
C * efficient. Derived from ACLNAXvalues, *

C * CMBLNC- Coefficient associated with the blade mass *
C * imbalance (OFFSET). *

C * CNGRAV- Mass coefficients associated with gravita- *
C * t tonal Loads. *

C * CI*J_ASS- Blade massmatrix, lt is also used in the *

C * inertiaforce stiffening term. *
C * CMRIGD- Mass coefficients associated with rigid bo- *

C * cb/motion. *
C * CSUBHA- Pitching t,oment coeff(cient. *

C * CTHP - Cosine of the pitch angle, THETAP. *
C * DAETA - Differential aerodynamic forces on a blade *
C * section in the chord_ise direction. *

c * DAZETA- Differential aerodynamic forces on a blade *

C * section in 1:heflapwise direction. *
C * DELPS! - Delta-Psi. The amountPsi will change from *

c * this step to the next. Used in Euter pre. *
C * dictor/corrector routine. *

C * DELTAT- The incremental time change fromone step *
C * to the next in the yaw solution (iTR]M=O). *

C * DELTIM - Integral of DDELTI. *
C * DELTVX- Turbulent wlnd velocity fluctuations. Not *
C * currently in use. (feet/second) *

C * DELTVY- Turbulent wind velocity fluctuations. NP_ *
C * currently in use. (feet/second) *
C * DELTVZ- Turbulent wind velocity flCt_ti_s. Not *

C * currently in use. (feet/second) *
C * DRGFRM- Drag coefficient form constant. *

C * DV%ND - The delta-V-induced velocity components. *
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C * Coe_onents are of order epstlon. *
C * ECNTFN- C=_14cated term. *

C * EIAREA- Moment of inertia values at equidistant *
C * points along the blade. Derived from *
C * AEIAREdata values. (Lb-Ft**2) *

C * END2 - Azimuth position correspondtrtg to the end *

C * of print region 2. (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 * aerodynamic center. Positive towards the *
C * leading edge. Derived frn AESBACvalues. *
C * (feet) *

C * EUERR - Convergence critertor, for coeF_Jtingblade *

C * tip deftectior_s via the Euter predictor./ *
C * corrector routine. (percent) *
C * FAERO- Aeroc_f_ic 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 messnw_nentof inertia at equidts- *

C * tart points along the blade section. Der- *
C * tved from AIEMASvalues. (10^6 Lb-sec'2) *

C * IFMASS- Flapwise massmomentof inertia at equidis- *

C * rant points along the blade section. Der- *
C * tved from AIFMASvalues. (10^6 Lb-sec^2) *

C * ITRIM - FLag indicating run status= *
C * 0 - Ru_ to find yawing solution. *
C * 1 - Run to find trim solution. *

C * 2 - Trim startup run. *
C * KSHADW- Numberof to_er shadou peaks within the *
C * tower shadowzone. (ir_.rt data) *

C * MASS - BLadenuass 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) (input data) *
C * NBLADS- Numberof turbine blades. (input data) *
C * NSHAPS- Numberof blade shape functions, 4 maximum. *

C * ( i npcJtdata) *
=

C * IMYA_ - Numberof rotor revolutions to be run for *
C * a yawing solution. *

= C * OFFHAS- %ntegrat of DOFFMS. *
C * OFFSET- Distance from the elastic axis to the mass *
C * axes of blade section. Posttive towards *

C * the leading edge. Derived from AOFFSTvat- *
C * ues,. CaLLedE-sub-eta in the for_latton. *

C * (feet) (input data) *

C * OMEGA- Rotor spet_d. Input in RPMand converted to *
C * radtans/second. (rad/sec) (input data) *
c * PHI - Rotor yaw error angle. Angle between the *
C * hub axis and the meanwind. Subscript in- *
C * dicates_i_ichtime derivative. *

C * PHIO - Rotor yaw reference angle. Measuredas the *
_

C w. angle between a horizontal reference Line *

C * passing through the to_er axis and the hor- *

-
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C * izontal projection of the line between the *

C * to_er axis and the rotor hub. Input as de- *

C * grees and converted to radians. (radians) *

C * (input data) *

C * PH]AHP - Amplituc_e of periodic yaw laotton about yaw *

C * refererce angle. Input as degrees end con- *

C * verted to radians. (radians) (input data) *

c * PHIOMG - Haximum yaw Pate. Used internally 1:o com- *

C * pule the yaw period, lt can be used to in- *

C * put a turbine steady yaw rate, Input as *

C * degrees/set and converted to radians/sec- *

C * ond. (radians/sec) (input data) *

C * PI - The constant 3.141592653589795... *

C * PRINT1 - Printout interval in print region 1. *

C * PfflklT2 - Printout interval in print region 2. *

C * PSI - Blade azimuth angle. The zeroth element is *

C * the past value of Psi and the first etetnent *

C * contains the present value. A value of ze- *

C * ro indicates the blade is straight up. *

C * PS]SHD - Azimuth po,_ition of the center Line of the *

C * tother shadou, _hen it ts 180 degrees, the *

C * touer shado_ center line is oriented verti- *

C * catty dour_rd from the hub, *

C * PSIZER - Half angle uidth of the to_er shadou re- *

C * gion, (degrees) (_nput data) *

C * RADZDG - Radians to degrees conversion factor. *

C * RHOA]R - Afr density. Currently ,qet to sea Level. *

C * (Lb-sec^2/feet^4 or slugs/feet^I) *

C * RR - Rotor radius (BLTIP+HUBRAD). (feet) *

C * RROHGA- A constant used throughout the FLAP code. *

C * (RR*OHEGAWp1130) *

C * SO - Initial static blade deflection at the tip, *

C * %t is set in subroutine STARTUP. *

C * SHAPE - Array crmtaining shape functions evaluated *

C * at regular intervals. The second subscript *

C * corresponds to Nth spatial derivative. *

C * SHERXP - Mind shear potRr exponent. (input data) *

C * SNEW - An array of tip displacement function val- *

C * ues for each of the STEPHX stations around *

C * the disk. These are the results of the *

C * current computation. The zeroth element *

C * has the same value as the 360lh element of *

C * SOLD. *

C * SOLD " An array of tip displacement function vat- *

C * ues for each of the STEPHX stations around *

C * the disk, These are the results of the *

C * previous computation, The 360lh element *

C * has ¢he same value as the zeroth element of *

C * SNEW. *

C * STEPHN - Hinimum allouabte azimuth ar_gte step size. *

C * (degrees) *

C * STEPHX - Maximum at Lo_abte 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. *
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C * THETAP - Blade pitch angle. The angle ?rom the flap *

C * bending axis (assumed to be the chord line) *

C * st the 3/4 spenwise 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 directio4n of the flapping displace- *

C * ments. Input in degrees and converted to *

c * r_lar_;. (redians) (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. (secorcls) *

C * TITLE1 - 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 * TOM_ - 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 COml_Jting the *

C * trim solution. (percent) *

C * TSHADW - The tower shado_ velocity deficit. *

C * TSUBO - Tower shadow _ind speed offset co|qoonent. *

C * TsugP - 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/ser) (input data) *

C * VIMD0 - 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 * ¥1MDR - Inflow minus uniform induced velocity. *

C * W - The actual tip displacements computed from *

: * the relation in subroutine FORM1: *

: * V = Sum of S(1)*_(I) *

: * and *

: * VDOT = Sum of SOOT(I)*GAHI_(I), *

: * where V is a function of position along the *

: * blade and time, S is a 'function of time and *

: * GAMMA is the blade coordinate shape func- *

: * tion. The index I d_otes sumation over *

: * the coordinate function shapes, DOT is the *

: * first derivative w.r.t, time, Thus: *

: * W(O,I) = V = displacement *

• and W(1,%) = V-DOT = velocity. *

• VWINO - Resultant wind velocity at the rotor disk. *

• VZETA - Relative fluid velocity over the blade in *

• the flapuise direction. *

• _JSHEAR- The harmonic or unsteady component of the *

• wind shear. *

• WSHR - Individual harmonic components of the total *

• unsteady wind shear component. *

• _/ - Resultant wirdspeed at a blade element. *
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C w .

INCLUDE tC:INCLUDE_AERO1.]NCI

INCLUDE IC:INCLUDE\AIRFRC.INCI

INCLUDE 'C:INCLUDE\BLADE2,1NC t

INCLUDE 'C:INCLUDE\CONST2. INC I

INCLUDE IC:INCLLR)E\DELTV,INCI

INCLUDE _C:INCLUOE\FORNS.INC t

iNCLUDE 'C:INCLUDE\INV.INC'

INCLUDE 'C:INCLUDE\LINITC. INC I

INCLUDE IC:INCLUDE\LITERL.INCI

INCLUDE _C=INCLUDE\LOOVAL,INC _

INCLUDE 'C:INCLUDE_J4ATRXI,INC S

INCLUDE 'C:INCLUDE_MATRX2.INC t

INCLUDE rC:[NCLUDE\POSITN,INCe

INCLUDE sC:INCLUDE\SARAYS,INCI

INCLUDE IC:INCLUDE\SHAPE.INC I

INCLUDE 'C:INCLUDE\START.INC _

INCLUDE IC:INCLUDE\TENSIN2.1NCI

]NCLUOE 'C:INCLLIDE\TURBN°INC t

INCLUDE _C:|NCLUDE\VINDUC.ZNC t

INCLUDE tC:INCLUDE\VREL'I.INCI

INCLUDE IC:]NCLUDE\WZND2,]NC °

iNCLUDE IC:]NCLUDE\WNDVEL.]NCt

C Initialize COMMONbtocks.

DATA BEGINZ / 180.0 /

DATA DELPS! / 2* 0.0 /

DATA DELTAT / 2* 0.0 /

DATA DFLTVX / 21" O,O /

DATA DELTVY / 21" 0.0 /

DATA DELTVZ / 21" 0.0 /

DATA END2 / 270.0 /

DATA EUERR / 10.0 /

DATA GRAV / 32.1740 /

DATA KSHADW / 1 /
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DATA NSHAPS / 1 /

DATA NYAW / 0 /

DATA PHI / 3* O.O /

DATA PHI0 / 0.0 /

DATA PI / 3.141592653589793 /

DATA PRI_T1 / 10.0 /

DATA PRINT2 / 10,0 /

DATA PSI / 2* 0.0 /

DATA PSISHD / 180.0 /

DATA PSZZER / 15.0 /

DATA RAD2DG / 57.29577951308233 /

DATA RHOAIR / 0.002 /

DATA SHERXP / 0.14286 /

DATA STEPMN / 0.001 /

DATA STEI:_CX / 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 l

END

SUBROUTINEACCEL ( DEFLTN , VELCTY , ACCELN , NrTS , STEHP )

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, but *

C * the solution is only calculated for the number of func- *

C * *ions specified by the value of flSHAPS. *
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 ** ****-_*_ driP* *'l_'_'¢r'#WW'Ct*_ t*Ik'W__*'llrW'Cr* *'*_r* W'ffVizir_,_t'*W***_* *_** _*

C * *

C * Named COMMONblocks used in this routine: *

C * *

C * AIRFRC - Holds values used in aerodynamic calcula- *

C * ,ions. *

C w CONST - Turbine and other c_tants used in Load *

C * calculations. *

C * NATRXt - Holds stiffness coefficient matrices. *

C * HATP.X2 - Holds some of the coefficient matrices of *

C * the governing equation of motion. *

C * POSITN - Holds parameters related to blade position *
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C * such as PHI, PS%, etc. *

C * TENS%N - HoLds tension (:omponents of the stiffness *
C * funct i cns. *

C * TURBN - Holds turbine parameters such as number of *

C * blades, rotor speed, etc. *

C * *

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

C * *

C * Local and dunmy variables used in this routine- *

C * *

C * AA - 2.0*Olaega*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 * tton 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 option, *

C * C1 - Be,aO*Omega^2. *

C * C2 - Omega*Phi*Cosine( Psi ). *

C * C3 dPhi/dt*Sine( Psi ). *

C * C4 -Chi*Cosine( ThetaP ). *

C * C5 - Sine( ThetaP )*Sine( Psi ). *

C * C6 BetaO*Cosine( ThetaP )*Cosine( Psi ). *

C * C7 - Omega^2. *

C * CC ". QUANT1^2. *

C * CPSI Cosine of the blade angle. *

C * DD - Complicated term. *

C * DEFLTN - The current value of the tip deftection_ *

C * corresponding to the S variable in the for- *

C * mutation of the equation of motion, *

c * EE - QUANTI^2. *

C * FF - Omega*gUANTl*Cosine( lhetaP ) *

C * GG - Complicated tem. *

C * K - Generic DO index. *

C _ M - Generic DO inc_.X. *

C * N - Gener ic DO index. *

C * NPTS - Number of points along the blade used to *

C * perform Simpson_s integration for calcutat- *

C * ing the moments and forces at the blade *

c * root. (passed frcmlFLAP1) *

C * P1 - 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 * QUANT1 - Omega*Sine( ThetaP ). *

C * SPS% - Sine of the blade angle. *

C * STEHP - 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 * *
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REAL AA

REAL ACCELN (4)

REAL BB

REAL BLDANG

REAL C7

REAL CC

REAL CPSI

REAL DD

REAL DEFLTN (4)

REAL EE

REAL FF

REAL GG

REAL Pl (4)

REAL P2 (4)

REAL P3 (4)

REAL Q (4,4)

REAL QUANT1

REAL SPSI

REAL STEMP (4,0:1,0_2)

REAL VELCTY (4)

INTEGER K

INTEGER M

INTEGER N

INTEGER NPTS

INCLUDE rC:INCLUDE\AIRFRC.INCI

INCLUDE _C:INCLUDE\CONST2.INC _

INCLUDE 'C:ZNCLUDE\MATRXI.INC'

INCLUDE rC:INCLUDE_MATRX2.INC'

INCLUDE 'C:INCLUDE\POSITN.INC'

INCLUDE 'C:INCLUDE\TURBN.INC'

BLDANG= PSI(l)

CALL FORM1 ( STENP , NPTS , NSEAPS )

CALL AFORCE ( NPTS , BLDANG )

C CaLcuLate constant coefficients.

SPSI = SIN( BLDANG )

CPSI = COS( BLDANG )

QUANT1 = OHEGA*STHP

M = 2.0*QUANT1

BB = GRAV*CPSI

CC = QUANTI*QUANT1
WDD = CTHP*( OHEGAOMEGABETAO+ 2.0*OHEGA*PHI(i)*cPSI

& + PHI(2)*SPSI )

EE = CC

FF = OHEGA*QUANTlWCTHP
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QG = GRAV*( -1.0*CHI*CTHP + STHP*SPSI + BETAO*CTHP*CPS! )

C7 = OHEGAWONEGA

i

C Compute P1 (see formulation notes),

DO 10 M=leNSHAPS

10 Pl(M) = FAE..ROCM)+ FF_CMBLNC(M) + GG_CHGRAV(M) - DD*CHRiGD(M)

C Compute P2 - S(M) product (see formulation notes).

DO 20 M = lt HSHAPS

20 P2(M) = EE*DEFLTN(H)

C Compute QCM,K) - sCK) products (see fomuLation notes).

DO 50 M=I,NSHAPS

P3(H) = 0.0

DO 40 K=I,NSHAPS

Q(M,K) = CC*CKgLOO(M,K) - CKBENDCM,K)

& - CT*CICrONG(HeK) + BB*CKTGRV(M,K)

DO 30 H=q,NSHAPS

30 Q(MwK) = Q(MtK) " AA*VELCTY(N)*CKTCRL(NrMtK)

P3(M) = P3(M) + Q(H,K)*DEFLTN(K)

40 CONTINUE

50 CONTINUE

C Co_ute new value for tip acceleration.

DO 60 H=ltNSHAPS

60 ACCELN(H) = Pl(M) + P2(M) + P3(M)

RETURN

END

SUBR_JTINE AERO C NPTS , BLDAN_ )

C * *

C * Subroutine AERO computes the aerodynamic forces on the *

C * blade as a function 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 "_lt.WW-Wt'W-_t-,1PWWW'.W1lr*W'W'Cr*'W"Sr*W'W'W'l_t_ WW**"k_** 1Ht*'**W'WW'W* _ _

C ','*_, W*"zlrlt_'k.'k.'C'WqlrW'WW,WW*"_'W._'** 'k"W* tr*,*,W._.dr*-_r_.*lk_k,_, ,_ _ _ _
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C * External references in this routine: *

c * *

C * VREL - CalcuLates the relative veloc|ty components *

C * for each blade station. *

c * *

C * *

C * Named COI_NONblocks used tn thts routine2 *

C * *

c * _R01 - Holds coefficients related to aerodynamic *

c * loads calculations such as CLAlpha, CdZeros *
C * etc, *

C * AIRFRC - Holds values used tn aerochmantc catcuLa- *

C * ttor_, *

C * BLADE - Holds blade property values such as st_ff- *

C * ness and mass dJstrt_x_ttons. *

C * CONST - Turbine arid other constants usc_d Jn Load *

C * caLcuLati_. *

c * TURBN - Holds turbine paralters s_h as nuraber of *

C * black_s, rotor Sl=W,¢_:l,etc. *

C * VREL1 - Holds bL_w_esection velocity co¢_x_c_.nts. *

C * *

C **ew. w.e.w_e.w_..wwww.,_w_,wew_ _w*.. _.-**.. ***_.w _**www.w._,.,

C * *

C * Local and dump/ vartabtes used in this routine: *

C * *

C * ALPHA - Angle of attack. Includes blade twist con- *

C * tribution. (radians) *

C * BLDANG - Blade azimuth position. *

C * CD2 - 0.5*At rDens _ty_,chordLer,3th. *

C * CDRAG - Drag coefficient. *

C * CLIFT - Coefficient of Lift. EcFJat to ar_gle of at- *

C * tack times the Lift curve sLc_:_h *

C * t - Generic irw_ex. *

C * ]NBORD - The nu, ber of blade stattor_s that are not *

c * on the airfo|t section. INBORD is us¢_ in *

C * other routines to differentiate between *

C * sections of the bta_k_ with arw_ withou_ an *

C * airfoil section. *

C * MPTS - Number of points along the blade used to *

C * perform Si_>son_s integration for ca_cuLat- *

C * ir_l the moments arw_ forces at the blade *

C * root. (passed front FLAP1) *

._ *'_r_* We*qk'*_'_tr*'¢r_*'W * ** *_ ***e4_ W*War_*-,W.jrk*,W_Ir,W,Cr*mW* *_ * * _

REAL ALPHA

REAL BLDANG

REAL CD2

REAL EORAG

REAL CLIFT

INTEGER I

INTEGER [NBORD

INTEGER NrTS
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]NCLUDE i CzI NCLL/OE\AER01,IHCS

l NCLUDE I Cz] NCLUDE\AI RFRC.I NC

INCLUDE °ez1HCLUDE\BLADE2.IgC r

l NCLUDE t C:!NCLUDE\CONST2,INC

l NCLUDE * C:I NCLUDE\TURBN.I NC

INCLUDE 'C_INCLUDE\VREL1° iNC'

C Get the relative fluid veLocitIes from each blade seot4on.

CALLVREL( £NBORD, NPTS f BLDANG)

C, r.Lear out the aerodyr_o Load values for the _nboard portion
c of the blade - that is, the port_on of the blade wtthout any
C atrfotL section. This ts related to BLSHNK.

DO 10 I=ltNPTS

!F ( I .LT, INBORO) THEN

DAETA(I) = 0.0

DAZETA(1) = 0.0
k_/(l ) = 0,0

ELSE

C Seo the fomulat(on notes for the der(vatton of the

c equations for DAETAtDAZETAand the other values.

CD2 = O.5*RHOAIR*CHORD(I)
_I(I) = SCIRT(VETA(])*VETAC]) + VZETA(1)iVZETA(1) )

ALPHA = ATAN( VZETA(1)IVE,TA(1) ) + THETAO(1)
CLIFT = ALPHA*CLALFA(1)

CLIFT ='SIGN( AHINI( ABS(CLIFT ) , CLHAX(I) ) , CLIFT )
CDRAG = CDZERO(1)+ DRGFRH*CLIFT**2

DAETA(1) = CD2*k_,/(t)*(CLIFT*VZETA(1) - CDRAG*VETA(1))
DAZETA(1)=CD2"1_/(I)*(CLIFT*VETA(1) + CORAG*VZETA(1))

END IF

10 CONTINUE

RETURN
END

SUBR_JTINEAFO_CE( HPTS, BLDANG)

c * Subroutine AFORCEcaLcuLates the value of the aerody- *
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C * namta force Integral used in solving the blade equation *

C * of motion, The aerodyllamto 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 the *

C * inverse of the CI4MASS matrix that was input in the *

C * DATA]N routine. There is one AFORCEvalue for each of *

C * the coordinate shape functions specified by the value *

C * of NSHAPS. *

C * *

C * *

C * External references in this routine: *

c * *

C * AERO - Calculates the aerodynamic forces on the *

C * blade. *

C * SIMPSN - Composite SJmpsonls integration. *

C * *

C , *******_r*** _* _r*Vr***-_r**_r*_*,_ ***Vr****-** ** **Vr*-k*W**_r ** _ **

C * vr

C * Named COMMONblocks used in this routine: *

C * *

C * AIRFRC - HoLds values used in aerodynamic calcula- *

C * tions. *

C _ BLADE - Holds blade property values such as stiff* *
c * hess and mass distributions, *

C * MATRX1 - HoLds stiffness coefficient matrices. *

C * TURBN - Holds turbine parameters such ,s number of *

C * bladesa rotor speed, etc. *

C * *

C * Local and dummy variables used in this routine: *

C * *

C * BLDANG - Blade azimuth position. *

C * FOFZET- Product of the dA(Zeta) and the shape *

C * function. *

C * FTEMP - Temporary array. *

C * ] - Generic index. *

C * L - Generic 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 moments and forces at the blade *

C * root. (passed from FLAP1) *

C * *

REAL BLOANG

REAL FOFZET (21)

REAl. FTEMP (4)

REAL SIMPSN

INTEGER I
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INTEGER L

,, %NTEGER M
[NTEGER NPTS

I kICLL_E lC : ] NCLUDE_J_| RFRC. INCt

| NCLUOE ' C: ! NCLUOE\BLAgE2.1NC f

| I_CLLIOE IC: INCLUDE\MATRX1• ! NC'

I NCLUOE i C" INCLUOE\SHAPE. INC t

]NCLUDE sC: ] NCLUDE\TURBN.] MC'

C Compute aerodynamic forces.

CALL AERO( NPTS , BLDANG )

C Compute the product of the DAZETA value and the shape

C function at each blade station for each specified shape

C function.

DO 20 N=I,NSHAPS

DO 10 |=I,NPTS

10 FOFZET(I) : DAZETA(I)*SHAPE(M,O,[)

C Compute the integral of dF(Aeno) along the blade.

FAERO(M) = SINPSN( 0.0 , BLTIP , NPTS , FOFZ_T )

20 CONTINUE

(_ _uttipty the F-AERO integrals by the fnver_e of the CI_qASS

C coefficient matrix. This _s done for the specified number

C of shape functions.

DO 50 N=I,NSHAPS

FTENP(M) - 0.0

DO 60 L=I,NSHAPS

40 FTEMP(M) = FTEMP(M) + CRIC_SS(14,L)WFAERO(L)

50 CO_IT[ NLIE

C RepLace the F-AERO values by their corresponding values

C muLtipLied by the CMNASS inverse coefficient matrix.

DO60 M=I,NSHAPS

60 FAERO(M) = FTEMP(M)
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RETURN

END

SUBROUTINE CAPS ( STR]NG )

C * *

C * Subroutine CAPS is used to convert aLphabetic charac- *

C * tars 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 [BH's EBCO]C. lt is *

C * not needed for an ulcer case only character set Like *

C * COC's DispLay Code. *

C * *

C *tP*_/r_t iHrmttZ-*_*lWllr*Wlk'WVk/r_r*/rk*'*****_ *V_ _WVr*"k-*Vr*/r/r**

C * *

C * Ne_eed COMMONblocks used in this routine: *

C * *

C * rtorte *

C * *

C mww*w_w_w_*'*www****_**_"; _ ;'¢¢¢ _;"** ******w**_*w_

C * *

C * External references in this routine: *

C * *

C * none *

C * *

C _ww*-mVWw__W_k_r_r_WW/rCrmk-_W_*_ ____-_ _**ew**

C * *

C * Local and dummyvariables used in this routine: *

C w *

C * D]FF - Numerical difference between 'A' and 'a'. *

C * I Generic index. *

C * LENGTH - The declared Length of the given string. *

C * STRING - The string needing to be converted to upper *
C * case. *

C * *

INTEGER D! FF

[NTEGER ]

]NTEGER LENGTH

CHARACTER*(*) STR]NG

C Compute the numerical difference between 'A' and 'a'.

DIFF = ICHAR( 'a' ) - ICHAR( 'A' )

C Get the Length of the string.
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LENGTH= LEN( STRING )

C Look for Lower case letters, Convert them to upper case.

DO 100 I=ltL_NGTH

iF ( (STRING(I¢I) ,GE. _aI ) .AND.

& (STRIMG(I:I) .LE. 'z ° ) ) THEN

STRING(I:I) = CHAR( ]CHAR( STRING(]:ii ) " DIFF )

END IF

100 COnTiNUE

RETURN

END

SUBROUTINE COMVRT ( TODEGS)

C ,k.A.W**,*lelk,.W,,b*,tlrW,,t_.*,W,Wlb_ Weir*W-W*.WW*.W,NW_,*t *'W*'W'WWlbWW_ _ * _*

C * *

C * Subroul_tne CONVRT performs the units conversion spect- *

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 radtans. *

C * This conversion back and forth beti_een radians and de- *

C * grees is to make the interactive portions of the _;ETUP *

C * and LIMITS routines more eUser Friendly _. *

C * *

C ilr'WV_"WW_'_*'*,CrW '_*tr,k_'*'W'*WWW'_W-W'W"*'t_'WW'_W',***lt *'k,W_ _ *W_ _ * ** _ *

C WW-Wtlrlk"Cr*'WW'WWW'I_P*W*"lt'k"CrW**lt *'WW'WW_*trlk'W'*W*'WWWWlk'* WW* _ _ _* W* W*W

C * *

C * External references in this routine: *

c * *

c * none *

C * *

C ,¢_,ww.w_ *._._,k,.w'*w_ _*,¢_,w,w *.w.w.*ww.#,ww,_,w.#w¢r*'w_*w_W._WW

C * *

C * Named COMMONblocks used in this routine: *

c * *

c * CONST - Turbine and other constants used in Load *

C * calculations. *

C * LIHITC - Holds values used in the LiMiTS routine. *

C * TURBN - Holds turbine parameters such as number of *

c * blades, rotor speed, etc. *

C * WIND Holds _ind shear and tower shadow paraloe- *

C * tens. *

C * *

C _w,w.w**w***t,ww,_.w-w.,...wwww.,..w __ .w. _,.w.,**ww,w.,.w,.w..w

C * *

C * Local and dummy variables used in this routine: *
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C * *

C * FACT1 - Conversion factor. *

c * FACT2 - Conversionfactor. *

C * TODEGS- Logical variable that indicates the direc- *

C * lion of conversion betl_een degrees and ra- *
c * dians, *
C * *
c *_rlt'W'W'WWW'*WCr*'*WWl¥'lt_W'WW'W'*'_CrWW'WWCrWWWWW'CrW**_tr*_'_k.*Ct******_* _ ,_

REAL FACTq
REAL FACT2

LOGICAL TOOEGS

XNCLUDE 'CI]NCLUDE\CONST2.INCS

INCLUDE 'C:]NCLUDE\L]M[TC.INC'

iNCLUDE 'C:INCLUDE\TURBN.iNCI

INCLUDE _C:]NCLUDE\W[ND2.]NCt

C For all calls to this routine, set ¢he conversion factors
c specific to the unit conversion required. Then perform the
C conversions and return to calling routine.

[F ( TOOEGS) THEN

C Convert from radians and radtans/second to degrees and RPM.

FACT1= RAD2DG

FACT2= 30.O/Pl

ELSE

C Convert from degrees and RI_ to radtam_ and radtans/second.

FACT1= 1,0/RAD2DO
FACT2= PI/3O.O

ENDIF

C Convert ,free' variables from the SETUProutine.

BETAO= FACTI*BETAO
ALPHAO= FACTI*ALPHAO
CHI = FACTI*CH!

PHIAHP= FACTI*PH[M4P
PH]OHG= FACTI*PHIOHG
PHIO = FACTI_PH]O
PSISHD= FACTI*PSISHD

PSiZER= FACTI*PSIZER
THETAP= FACTlWTHETAP
THETAT= FACTI*THETAT
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C_4EGA = FACT_'OMEGA

C Convert eltmttsS variables frown the LIMITS routine.

BEGIN2 = FACTI*BEGIN2

END2 = FACTI*END2

PRINT1 = FACTI*PRINT1

PRINT2 = FACTI*PRINT2

STEPH_ = FACTI*STEPMX

STEPHN = FACTI*STEPMN

RETURN

END

SUBROUTINE DATAIN

C * *

C * Subroutine DATAIN reads the data file produced by the *

C * PRNCOE routine of Nodule 1. The name of the run-data *

C * file is specified |nteractively. 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 Module 1, then the *

C * same changes RUST be made to DATAIN. *
C * *

C W*'k**m_*_t'*'#/l_"Cr *WWl;_rtp*tlrtVW/n*/rJt_mt*./rWW.k*.*_t *ir*_,_** ,W_ **,_

C * *

C * External references in this routine: *

C * *

C * CONVRT - Performs units conversions. *

C w ,

C * *

C * Named COHMONblocks used in this routine: *

C * *

C * AER01 - Holds coefficients related to aerodlnla_ic *

C * Loads calculations such as CLALpha, CdZero, *
C * etc. *

C * BLADE - Holds blade property values such as stiff- *

C * hess and mass distributions. *

C * L1TERL - Holds data set titles. *

C * LODVAL - Holds values used to compute blade loads. *

C * HATRX1 - Holds stiffness coefficient matrices. *

C * HATRX2 - Holds other matrices reta_ed to coriolis *

C * stiffening_ gravity, etc. *

C * TENS]N - Holds tensio_ component integrals. *

C * TURBN - Holds turbine parameters such as nuldoer of *

C * blades, rotor speed, etc. *

C * _IND - Holds _ind shear and to_er shado_ parame- *
C w Lets. *

C * *
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C *, *_,w,.*-,.*ll.t-, ,.* *tr *.z_t_f****.*..t_r_.**¢rw** * ttrk.*'w*.*'.***.w*.w* _t_* _ _, _, _

C trr w_* tvW'dr*'zlrW_.*.zlr*.wvz"wvlrw**, *-wt* **ww.wtW_W_ *_*, * *_ _, _** *, **, _t,

C * *

C * Local and dummy variables used in this routine: *

C * *

c * COL - Column index into matrices. *

C * I - Generic index. *

C * N - Generic index. *

C * NPTS - Number of points along the blade used to *

C * perfol_ Simpson's integration fo_' calculat- *

C * ir_ the moments and forces at the blade *

C * rr_t. (passed fr=n FLAP1) *

C * RO_ - Row index into ro,rices. *

C * RUNDAT - Name of file containing run data, *

C * TORADS - Flag used _o tell CONVRT to convert *free' *

C * variables to radians. *

C _ *

INTEGER COL

iNTEGER I

INTEGER N

INTEGER NPTS

INTEGER RO_/

CHARACTER*50 RUNDAT

LOGI CAL TORADS

iNCLUDE lC= INCLUDE_ER01. INCe

! NCLUDE _C: I NCLUDE\BLN)E2. I NCe

INCLUDE 'C: I NCLUDE\LI TERL. INC t

INCLUDE tC: %NCLUDE\LODVAL.INC t

INCLUDE tC: INCLUDE\HATRX1. INC'

INCLUDE tC: I NCLUDE\HATRX2. INC t

]NCLUDE t C: I NCLUDE\TENS! N2. I NCt

INCLUDE tC: %NCLUDE\TRB]NF. INC I

INCLUDE tC: ] NCLUDE\TURBN.INC'

INCLUDE lC: I NCLUDE\WIND2. INC t

INCLUDE lC; I NCLUDE\HOOAL.INC t

SAVE TORADS

DATA TORADS / .FALSE. /

2000 FORHAT( 3( A / ) / )

2100 FORHAT( 9)( , L7 )

3000 FORHAT( // 3( IPE24.7 ) )
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3100 FORMAT ( // I14 , 3( 118 ) )

3400 FORMAT( / 18X, 16)

3500 FORMAT( / 18X, F10.5)

3600 FORMAT( / 18X, I3)

3700 FORMAT( / 2( / 5( 1PE14.3 , : ) ) )

6,000 FORMAT( / 6( / 4( IPEIE,.7 , : ) ) )

4100 FORMAT( t&done.' )

C Get name of run-data file. Open it.

100 PRINT *, i ,

PRINT *, 'Enter the name of the file that contains run-data > e
,

READ (*,'(A)') RUNDAT

OPEN ( 3 , FILE=RUNDAT , STATUS='OLD' , ERR=110 )

PRINT *_ 'Reading in new data...'

GO TO 200

C Error opening data file.

110 PRINT *, ' >>> Run-data file not found, Try again. <<<t

GO TO 100

C Read titles .

200 READ (3,2000) TITLE1 , TITLE2 , TITLE3

C Read scalar data.

READ (3,3000) ALENTH ,ALPHAO o BETAO

READ (3,30Q0) BLSHNK , BLTIP , CHI

READ (3,3000) CSUBNA , 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) KSHADg , NBLADS NSHAPS , NPTS

READ (3,3400) NUNSCN

READ (3,3500) TIMINC

READ (3,3600) MSTAT

READ (3,3700) (STA(1), I=I,MSTAT)

C Read in vector values.

READ (3,4000) (CLALFA(I) , I=I,NPTS )

READ (3,4000) ( CLMAX (1) , I=I,NPTS )

READ (3,4000) (Ct)ZERO(1) , I=I,NPTS )

READ (3,4000) ( CHORD (1) , I=I,NPTS )

READ (3,4000) (ECNTFN(1) , I=I,NPT$ )

READ (3,4000) (ESUBAC(1) , I=I,NPTS )

READ (3,4000) (THETAO(1) , I=I,NPTS )
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C Read in coefficient matrices,

READ 43,4000) ( (CKBEND(RO_IsCOL) , COL=1,4 ) , ROW=l,4 )

READ 43,4000) ( (CKTOMG(ROW,COL) , C0L=I,4 ) , ROW=I,4 )

READ (3,4000) ( (CtCTGRV(ROW,COL) , COL=1.,4 ) , ROW=-.1,4)

READ (3,4000) ( (CKQLOO(RO_#,COL) , C0L=I,4 ) , ROW=I,4 )

READ (3,4000) ( (L_MASS(ROW,COL) , C0L=1,4 ) , ROW=I,4 )

DO 300 N=I,4

300 READ (3,4000) ( (CKTCRL(N,ROW,COL) a C0L=I,4 ) , ROW=I,4 )

C Read in vector coefficients.

READ (S,4000) (CMRIGD(1) , I=I,4 )

READ (3,4000) (CMBLNC(1) , I=I,4 )

READ (3,4000) (CMGRAV(I) , I=I,4 )

C Read tension arrays.

DO 400 N=I,4

400 READ (3,4000) (TCORLS(N,I) , I=I,NPTS )

READ (3_4000) (TGIb_V(1) , I=I,NPTS )

READ (3,4000) (TOMCat(1) , I=I,NPTS )

DO 410 N=I,4

410'READ (3,4000) (CIFMOM(N,I) , I=I,NPTS )

C Read arrays of special load computation functions.

READ 43,4000) (DELTIM(1) , I=I,NPTS )

READ (3,4000) (OFFMAS(1) , I=I,NPTS )

DO 500 1 = 1,4 .

RF.AJ)(3,*)(LAMDA(I,J),J=I,4)

510 CONTINUE

500 CONTINUE

C Processing complete. Close data file.

PRINT 4100

CLOSE ( 3 )

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 dc not

C need to know if the data they are using is new or old.

CALL CONVRT ( TORADS )

RETURN

END

SUBROUTINE DIAG ( NPTS )
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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 componentsand the
C * windspeeds. These are printed out in chart form for *

C * each specified azimuth printoutinterval aroundthe *

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 * WSHEAR VINDR VINDO DVIND ALPHA *
C * CI)ZERO CLLIFT W *

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 * SETUP - Interactive modification of free variables. *

C * *
C W'*tr* W,* *-*W_ *' **'***'/tW *'k'k'tk_k'W*"*'WW'k_*'W*'_ * tt * *W'k'W_W**W'J ** *W* *'k'W*'* *'* **_k'

C W*'W*_'¢rW'*'WlVWW'_k,*W **'*lt* **** * ** **W*'*'k'W*_ W'k'**_ _* * * _ ** _ ** *_

C * *

C * NamedCOMMONblocksused in this routine: *
C * *

C * AER01 - Holdscoefficients relatedto aerodynamic *

C * toadscalculationssuch as ClAtpha,CdZero, *
C * etc. *

C * A RFRC- Holds val'ues used in aerodynamic calcuLa- *
C' * Lions. *

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 * DELTV - Holds turbine inputs for possible future *
C * use. Not currently used. *
C * FORMS - Holds blade deflections. *

C * POSITN- Holds parameters related to blade position *
C * such as PHI, PSI, etc. *

C * SARAYS- ttoLds new and old values for the general- *
C * i zed coordinates. *

C * SHAPE - Holds blade coordinate shape functions. *
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 * WNDVEL- Holds values used in wind shear and tower *

C * shadowcomputati cns, *
C * *
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C * *

C * Local and dummyvariables used in this routtnez *
c * *

c * ALPttA - Angle of attack, Includes blade twist con- *
c * tr]button. (rad] ans) *

C * ANS - Used to store input responses from key- *
C * board, *

C * BLDANG- Blade azimuth position. *

c * CLLIFT - Coefficient of Lift. Equal to angle of at- *
C * tack times the Lift curve oLope. *
C * ! o Generic irclex. *
C * ]CALL - Comter to save the number of calls to sub- *

C * routine DIAG. Used to open output ft Le. *
C * IDPSI - Printout ]ntervaL in whole degrees around *
C * the rotor disk. *

C * IPSl - Do Loopcounter for azimuth position. *
C * IrT - Array index used for trapezoidal integra- *
c * tion. *

C * NPTS - Number of points along the blade used to *
C * perfol_n Stmpson's Integration for calculat- *
C * ir_j the moments and forces at the blade *
C * root. (passed from FLAP1) *

C * NSHP - Counter on DO Loops for the coordinate *
C * shape functi on. *
c * TOOEGS- FLag used to tell CONVRTto convert 'free' *
C * variables to degrees. *

C * TOP.ADS- FLag used to tell CONVRTto convert 'free' *
C * variables to rad]arts. *
C * *
C *'_'W'W,W*tt'WW'W'W*tr*'WW'W'_'lltW*"k tPW'l_t_*-W**e*'W'k_ 'l_r_W* * * * WW_ * _ _ _ * * * _

REAL ALPHA (21)
REAL BLDANG

REAL CLLIFT (21)

INTEGER I
INTEGER ICALL
INTEGER IDPS]

INTEGER 1PSI
INTEGER IPT
INTEGER NPTS

INTEGER NSHP

CHARACTER*I AN5

LOGICAL TOOEGS
LOGICAL TOP,ADS

INCLUDE 'C:INCLUDE\AEROI.INC'

'INCLUDE rC:INCLUDE\AIRFRC,INCI

INCLUDE rC:INCLUDE\BL/_E2.INCS

INCLUDE 'C:INCLUDE\CONST2.INC'



INCLUDE _C=INCLUDE\DELTV.INC_

INCLUDE _C:INCLUDE\FORMS.INCt

INCLUDE _C|INCLUDE\POSITNINC_

INCLUDE JC:INCLUDE\SARAYS.INC_

INCLUDE eC:INCLUDE\SHAPE.INCt

INCLUDE _C:INCLUDE\TURBN.INCj

INCLUDE _C:INCLUDE\VINDUC,INC°

INCLUDE 'C:INCLIJOE\VRELI.INCI

INCLUDE tC:INCLUDE\I_IDVEL.INC_

SAVE ICALL
SAVE TODEGS

SAVE TORADS

DATA ICALL / O /
DATA TOOEGS / .TRUE. /

DATA TORAgS / .FALSE. /

CHARACTER*20 WRTAIR

1000 FORMAT( _1_ //// 1OX , ITest Rur_of AerodynamicRouttnes_ t// )
2000 FORHAT( ////// 1OX , ,Azimuth position: PSI = ' , I3

& , 1OX , 'Hub velocity = i , F10.3
& / 48X , 'TSHADW= I , F10.3 )

2100 FORMAT( /// _ I DAETA(1) DAZETA(1) VETA(I) VZETA(I)'

& , f UWIND(1) WSHEAR(I) V1NDR(I) VINDO(I) t

& , _ DVIND(1) ALPflA(I) CDZERO(1)
& , ' CLLIFT(1) W(ltI) t / )

2200 FORMAT( 14 , 13( 1PE10.3 ) )
3000 FORMAT( A )

C If this is the first time DIAG is catt_d, open the output file.

100 IF ( ICALL .EQ. 0 ) THEN
OPEN( 2 , FILE=_DIAGNOS.DATt , STATUS='UNKNO_4'

& . , CARRIAGECONTROL='FORTRAN')
ICALL= 1

END IF

PRINT*, 'Read in name of airloadsoutput file r
READ*,WRTAIR

OPEN(20, FILE= t4RTAIR,STATUS= 'UNKNOWNl)

C Printheadin9 in diagnosticfile.

WRITE (2,1000)

PRINT*, l

PRINT*, JSubroutineDIAG: Diagnosticrun and output_

PRINT*, _
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C Convertvalues Intodegrees.

CALL CONVRT( TOI)EQS)

C Run setup ro_Jt]r_e.

CALLSETUP

C Convert values baok tnto radtans for |nternat use.

CALLCC_IVRT( TORADS)

C Ask for printout IntervaL.

PRINT *, ' '

PRINT*, 'EnterprintoutIntervalaroundrotordlsk In _hote'

& , 'degrees > '
READ *, IDPSI

DELPSI(1) = IDPSI/RAD2DG
, DELTAT(1) = DELPSI(1)/OHEGA

C NOTE: D1AGassumes that time is frozen at time=O.

PHI(O) = PHIO

PHI(l) = PHIOt4G
PHI(2) = 0.0

C Go around the disk in IDPSl tnarements.

DO250 IPSI=O,360,IDPSl

C CLear the forms array.

DO 200 [=I,NpTS
W(O,I) = 0.0

W(1,I) = 0.0
200 CONTINUE

PSIC_) = IPSI/RAD2DG

BLDANG= P$I(1)

C Set up the forms array.

DO220 IPT=I,NPTS

DO210 NSHP=I,NSHAPS

W(O,IPT) = W(O,IPT)

& + SHAPE(NSHP,O,IPT)WSNEN(NSHP,O,XPSl)
W(1,IPT) = W(1,1PT)

& + SHAPE(NSHP,O,IPT)*SNEg(NSHP,I,IP$1)
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C Computethe aerodyrmmto foroes on thebLade.

CALLAERO( NPTS , BLDANG)

DO230 1.1,NPTS

IF (DAETA(E) ,EQ. 0.0 ) THEN
ALPHA(1) = 0.0

ELSE

ALPHA(I) = ATAH(VZETA(I)/VETA(Z) ) • TtlETAO(i)
ENDIF

CLLIFT(1) = AHINI( GLALFA(1)WABS(ALPHA(1)) s OLNAX(1) )

(6LIFT(1) = SIGN(CL|.IFT(1) , ALPHA(1) )

230 CONTINUE

C Print out results.

WRITE(2,2000) IPSl , HUBVEL, TSHADW

6_ITE (2,2100)

DO240 I=1,21

240 WRITE(2,2200) lj DAETA(Z), DAZETA(1)r VETA(1), VZETA(1)
& , VWIND(1), k_3}tEAR(I), VINDR(1), VINDO_I)
& a DVIND(I), ALPHA(I), CDZERO(I), CLLIFT(1)
& , W(1,1)

6_ITE(ZO_*) lP,i, VZETA(17)/'[2.

250 CONT1NUE

C Test run completed. See if user wants more.

PRINT*, , e

PRINT *, 'Testrun compLeted. ResuLtswr|rienonto file r

& , 'DIAGNOS.DAT1

300 PRINT *, , t

PRINT *, °Do you want¢o performanothertest run?(Y,=N)> ,

READ3000, ANS

IF ( ( ANS .EQ. 'Y' ) .OR. ( AN, .EQ. 'y' ) ) GOTO 100

IF ( ( AN, .NE. _NI ).AND. ( ANS ,NE. Sn' )
& .AND. ( AN' .NE. ' ' ) ) THEN

PRINT *, r >>> InvaLid response. PLease try again. <<<1
GO TO300
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ENDIF

RETURN
END

SUBROUTZNEDSKREV( NPTS)

C , ,,._. ,e ,.W._-k, **_'k._'*lt'*_k'* *'W*,W*'k"d/*'WW_WWWW**_".k'WW*"W* * * * W** *W *W'_W_ * _

C * *

C * Subroul;tno DSKREVperforms a full disk revolution soLu. *
C * tlonto the blade equationsof motion and savesthe re- *

C * suiting values, *
C • •

C * *
• External references in this routine= *

C * *

C * EULER - Self starting i_¢ltfted EuLer predictor/coP- *
C * rector tn1:egrat_or1. *

C * NXTPH]- Calculates the next values of the yaw var]- * ..
C * abLes. *

C * NXTPS!- Calculates the next value o_ the azimuth *

c * angle, Psi. *

c * SAVE1 - Saves tlp displacement variables. *
C * ' STRTUP- Calculates the static deflection of the *

C * blade at the startup posttl_n. *
C * TRACE ,. Traces certain variables. *

C * *

C * *
C * NamedCOl_R_blocksused in this ro_tlnst *

C * *

C * COHST - Turbine _nd other constants used in Load *

C * calculations. *

C * LIHITC - Holds values used in the L[HITS routine. *

c * PO$ITN - Holds parameters related to blade position *
C * such as PHI, PS]_ etc. *
C * SARAYS- Holds newand old values for the general- *
C * i zed coordinates, *

C * TURBN - Holds turbtne parameters such as nurber of *

C * blades,referspeed,etc. *
C * *

C .WWwW_WWWwseWWWW_r@e'Jrw_W'W_wwz_wW'k-k_rW*_WWW*_**W*WW_W_W_W*W

C * *

C * Local and dummyvariables used in this rout_ne_ *
C * *

C * [ - Generic index. *

C * IPSIST - The next STEPHXstatton in integer degrees, *
• ISTEP - STEPHXin integer degrees, *

C * J - Generic Index. *

C * NE_ - Array index for ne_ data. *

C * NPTS - Number of points a_ong the blade used to *
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j ..... , J,I ,, IL ,. JII , , ,

C * perform Simson, s integration for catculat- *

C * ing the mmnts and forces at the blade *

C * root. (passed from FLAP1) *

C * NSHP - Counter on DO loops for the coordinate *

C * shape function. *

C * OLD - Array index for otd data. *

C * STEHP - Temporaw array holding the tip displace- *

C * mont values. Tt_e third dimension re'_re- *

C * sents the order of the time derivative. ,v

C * TINNOW - Current time. *

C * *

C :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

REAL STEI_P 14,0:1,0:2)

REAL T I NNO_

IMTEGER I

]NTEGER IPSIST

INTEGER I STEP

INTEGER J

II(TEGER NEW

INTEGER I_PTS

INTEGER ItSHP

IMTEGER OLD

INCLUDE tC: %NCLUDE\COIiST2. INC I

INCLUDE sC: INCLUDE\LINITC. INC I

INCLUDE 'C: ]NCLUDE\POSITN. ;NC I

INCLUDE tC: INCLUDE\SARAYS, %NCI

[ NCLUDE t C: [NCLUOE\11JRBN.1NCe

SAVE NEW

SAVE OLD

SAVE STENP

DATA ItEU / 1 /

DATA OLD / 0 /

1000 FORNAT( ' Static deflection at stantup (NOOE' , I2.2 , ') =,

& , F8.4/ )

C Initialize som v_riables.

%STEP= RAD29G*STEPMX+ .001

C IPgIST is the next STEPHX station. That is, then next azimJth

C Location at _hich the deflection, velocity and acceleration

C values MiLL be saved and the loads uilL be compuzed, VaLues

C for azimuth .positions inzemediate to the Loads will not be

C saved.

IPSIST = RAD2DG*(PSI(1) + STEI_IX ) + 0.001

i
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C When the ITRIM flag is set to 2, then this is the first pass

C through DSKREV for th|s analysis. If it is, then compute the

C static deflection of the blade tip for the startup condition.

IF ( ITRIN .EQ. 2 ) THEN

CALL STRTUP ( STERP , NPTS )

C This section prints the computed static starting deflection

C when the program is running in the trace mode.

IF ( TRACEF ) THEN

DO 100 I=I,NSHAPS

100 t_RITE (4,1000) I , STEMP(I,I,0)

END IF

EHD IF

C Push current values of S, SDOT and SDD onto old values.

DO 220 NSHP=I,NSHAPS

DO 200 J=O,360,ISTEP

200 SOLD(NSHP,J) = SNEW(NSHP,O,J)

DO 210 I=0,2

210 SNEWCNSHP,I,O) = SNEWCNSHP,I,]60)

220 CONTINUE

C Save old values of position variables and error.

300 DELPSI(O) = DELPSI(1)

DELTAT(O) = DELTAT(1)

PSI (0) = PSl (1)

TIRE (0) = TIME (1)

C Get next PSI, delta PSI, etc. and next yaw values PHI, PHI dot

C and PHI dot-dot.

400 CALL NXTPSI ( IPSIST )

TIMNOW = TINE(1)

CALL MXTPHI ( TINNOI,/ )

C SoLve the equation of motion and compute tip displacements and

C velocities. Check error of EuLer predictor-corrector solution.

C If the error condition is satisfied, check for disk station and

C save the neu values if this azimuth is a STEPMX disk station.

CALL EULER ( STEMP , NSHAPS , NPTS )
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IF ( (ERROR ,GT. EUERR) .AND. (DELPSI(1) oGT. STEPNN) ) GO TO 400

C The following tests check for the current azimuth Location

C between the STEPMX stations. If the current position {s very

C close to a STEPMX stations then the deflection+ veLoc|ty and

C acceleration values are saved,

IF ( ABS(PSI(l) - IPSIST/RAD2DG ) .LT. 0.1_STEPNN ) THEN

CALL SAVE1 ( XPStST , NSHAPS + $TENP )

C When the TRACEF flag is set, print out the presoribed

c values. See subroutine TRACE for a full description.

tF ( TRACEF ) _LL TRACE ( STEEP + NPTS )

END IF

C Move new temporary values to old.

DO 510 NSHP=I,NSHAP$

DO 500 I=0,2

500 STENP(NSHP,OLD,X) = STEMP(NSHP,NE_el)

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 ) GO TO 300

RETURN

END

SUBROUTINE EULER ( STENP , NSHAPS _ NPTS )

C * w

C * Subroutine EULER uses the self starting modifted pre- *

C * dictor-correctol' method to compute the values of the *

c * bLaxJe tip displacement and velocity+ given the previous *

C * values and the solution to the blade equatton of mo- *

C * Lion. The solution is not iterated for a specified de- *

C * sired accuracy S _ is instead rLan thro4Jgh one conIwJta- *

C * Lion of the predJctor-corrector. The error function *

C * compares the percentage change in tip deflection be- *

c * tueen t_o consecutive azimuth Locations against the *

C * static tip deflection ccmI)uted by the startup routine. *

C * This error value is sent beck to the calling routine *

C * Lie. DSKREV). If the error is too Large, a smaller az- *

C * imuth angle step size will be used arwd another call *

C * wilt be he,de to this routine. *

C * *
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C _z-wt*w,wwwwww*-_.wtw,_t,ww_,www_ww_w.k_ ,,,_****,_,_****t,w ¼,

C * *

C * External references in this routine: *
C * *

C * ACCEL - Solves the blade equation of motion. *
C * *
C ** WWtZW_Wk'WIIrW'Cr_W'WWW*W'k'WW'W'W'*WW*'*W*'WW'WW'*_*'_Wd_IP*WW'W_** _ w**

C * '¢,

C * NamedCOMMONblocks used in this routine= *
C * *

C * POSITN- Holds parameters related to blade position *
C * such as PHIs PSI, etc. *
C * START - Holds initialblade deflection. *
C * *

C *_vw¢rew'w'w'c_w,ww.w'ww,w_,ww.w.ww_ www,w,wtw..w*._*w www.tww.ww_ _ _ _,

C * *

C * Local and dummyvariables used in this routine: *
C * *

C * ACCELN- Tlp acceleration. *

C * DEFLTN- Tip displacement. *
C * NEW - Array index for new data. *
C * MPTS - Number of points along the blade used to *

C * perform Stmpaonls integration _or catculat- *
C * ing the mmnents and forces at the blade *

C * root. (passed from FLAP1) *
C * NSHAPS- Numberof blade shape functions, 4 maximum. *
C * NSHP - Counter on DO Loops for the coordinate *
C * shape furor i on. *

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 * tton. *

C * STENP - Temporary array holding the tip displace- *
C * men, values. The third dimension repre- *
C * sents the orderof the time derivative. *

C * VELCTY- Tip velocity. *
c * *
C ******************_r=*_***********************_***__

REAL ACCELN(4)

REAL DEFLTN(4)
REAL SCO_CT(4)

'REAL SPRDCT(4)

REAL STEMP (4,0:1,0:2)
REAL VELCTY(4)

INTEGER NEW

INTEGER NPTS
]NTEGER NSHAPS
INTEGER NSHP
INTEGER OLD

INCLUDE ' C: ]NCLUDE\POSXTN.]NC
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INCLUDE tC=INCLIJOE\START.INCI

SAVE NEW
SAVE OLD

DATA NEW / 1 /
DATA OLD / 0 /

C Calculate predictor values.

DO 10D NSHP=I,NSHAPS

STEHP(NSHP,NEW,1)= STEMP(NSHP,OLD,1)

& + STEMP(MSHP,DLD,2)*DELTAT(NEW)
STEMP(NSHP,NEW,O)= STEMP(NSHP,OLD,O)

g + STFJ4P(NSHP,OLD,1)WDELTAT(NEW)

SPRDCT(NSflP)= STEMP(NSHP,NEW,O)

100 CONTINUE

C Calculate predicted acceleration values by solving the blade
C equation of motion wtth the predicted values of the tip
C velocity and displacement.

DO200 NSHP=I,NSHAPS

DEFLTN£NSHP)= STEMP(NSHP,NEW,O)
VELCTY(NSHP)= STEMP(NSHP+NEW,1)

200 CONTINUE

C Subroutine ACCELperforms the actual solution of the blade

C equation of motion. It uses the previous values of the tip
C deflection and vetoctty and the current values of the forces.

c Zt returns the new blade tip acceleration values.

CALLACCEL( DEFLTN, VELCTY, ACCELN, NPTS, 5TEMP)

C Calculate corrector values.

DO300 NSHP=I,NSHAPS

STENP(NSHP,NEW,2)= ACCELN(NSHP)

STEMP(NSHP,NEW,O)= STEMP(NSHP,OLD+O)
& + O.5*DELTAT(1)*(STENP(NSHP,OLD,1)
& + STEHP(NSHP,NEW,1))

STEMP(MSHP,NEW+I)= STEMP(NSHP,OLD,1)
& + O.SWDELTAT(1)*(STEHP(NSHP,OLD,Z)

& + STEMP(NSHP,NEW,2))

SCORCT(NSHP)= STEMP(NSHP,NE_,O)
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300 CONTINUE

C The error is co_uted from the sumof the ratios of the tip

C displace_lent change from the predicted to the corrected values

C relative to the _n_tial static blade deflection computed at

c startup, sumnatton is over the number of coordinate shape

c functions specified in the run.

ERROR = 0.0

DO 400 NSHP=I,NSHAP$

400 ERROR= ERROR+ (SCORCT(NSHP) - SPRDCT(NSHP) )/SO(NSHP)

C The error value is converted tnto percent for use in the

C DSKREV rout(nec

ERROR= 1DO.O'ABS( ERROR )

RETURN

END

SUBROUTINE FOPJ(1 ( STEMP , NPTS , NSHAPS )

C * *

C * Subroutine FORM1 c_putes the values of the blade dis- *

C * placement function for each of the NPTS stations 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 compute the blade aerodynamic forces *

C * and ultimately the aerodynamic force function used in *

C * the blade equation of motion. *

C * *

C * *

C * External references in this routine: *

C * *

C * nolle *

C * *

C , dr_ww_ tW_*_m_ _r*_ ,w wrc_Wr*_rW_wr_*_Wr* *_rV_*_,_

C * *

C * Nan_d COMRO_blocks 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 _ tWW'lCW*-W*WWWlZ,_ _,WR'WlI_k"W* WllrW.'trw*WW*'t_r_ W,Cr*.*

C * *

C * Local and dumlw variables used in this routine: *
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C * *

C * BLDANG- Blade azimuth position. *
C * ! - Generic index. *

C * NPTS - Number of points along the blade used to *
C * perform Simpson_s integration for caloukat- *
c * ing the moments and forces at the blade *

C * root. (passed from FLAP1) *
c * NSHAPS- Numberof 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 * STENP - Temporary array holdtng the tip displace- *

C * merit values. The thirddimension repre- *
c * sentsthe order of the timederivative. *

C * *

C .. ww wqtt*W***tlrtP¢_ *W-W _ _**_t_*-/twww *W*_ *** ***_Ww*llt_**wlk_ ** * *

REAL STEMP (4,0=1,0:2)

INTEGER ' I
INTEGER NPTS

INTEGER NSHAPS
INTEGER NSHP
INTEGER OLD

INCLUDE IC:INCLUOE\CONST2.1NC'

INCLUDE IC:INCLUDE\FO_MS,INCt

INCLUDE IC:INCLUDE\POSITN.INCt

INCLUDE eC:INCLUDE\SHAPE,INCt

SAVE OLD

DATA OLD / O /

C Initializethe VV array.

DO 100 I=I,NPTS
W(O,I) = 0.0

W(1,1) = 0.0
100 CONTINUE

C Computethe W values down the blade for each of the specified
C shape functions,

DO 210 NSHP=I,NSHAPS

DO200 I=I,NPTS
VV(O,I)=W(O,I)+SHAPE(NSHP,O,I)WSTEMP(NSHP,OLD,O)

W(1,1)=W(1,I)+SHAPE(NSHP,D,I)WSTEMP(NSHP,OLD,1)
200 CONTINUE

210 CONTINUE
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RETURN

END

SUBROUTIt_EGAUSSJ ( A , N )

C *..w,w, ,www*,, "klk_*-ww* **,w*, w_ntI_Pk*.W*W**__ IP_.*_k.*.WW__** *w**_ ,**

C * *

C * Subroutine GAUSSJ Is used to solve Linear equations by *

C * Gauss-Jordan elimination with full pivoting. It was *

C * transcribed from the book "Numerical Recipes" by WtL- *

C * llsm H. Press, et al. Code for right-hand-side vectors *

C * was not implemented in this routine. This routine was *

C * hard-wired for matrices of maxin_ order 4. *

c * *

C *'*'WW***W* _W'***W*'W*_ *'_k'**W**.W*** ***** W***_ W*.ltrW*'W_lr*W*_* _ *

C * *

C * External references in this routine: *

C * *

c * r_one *

c * *

C * *

C * Named COMPTONblocks used in this routine: *

c * *

c • norle *

C * *

C * w

C * Local and dummy variables used in this routine: *

c * w

c * A - Input matrix with NP by NP e_ements. 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 bookkeeping on pivoting, *

c * [NDXR - Used for bookkeeping on pivoting. *

C * IPIV - Used for bookkeeping on pivoting, *

C * J - Generic index. *

C * ]RO_ - Row. *

C * K - Generic index, *

C * L - Generic index. *

C * LL - Generic index. *

C * N - Order of the square A matrix. *

C * NMAX - Dimension of bookkeeping arrays. *"

c * PIV_NV o Inverse of the current pivot element. *
C * * '

C ,.w.$r_m_..cr_.*w**w.*.** ** .¢nk..ww.w*-w,w* *-*._mw,,w,, ,._.*-.w.,_r_, ,w ,.,w _ _ ,_, _

REAL A (4,4)

REAL BZG

REAL DUM

REAL PIVINV
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INTEGER |
INTEEER 1COL

INTEGER INDIC (4)
%NTE6ER %NOXR(4)

INTEGER IPIV (4)
%NTEGER d

INTEGER IROW
INTEGER K
INTEGER L
INTEGER LL

INTEGER N

InitiaLize the ptvot mtrtx.

DO 100 J=I_N
) IPIV(J)= 0

Thts ts the main toop over the cotumns to be reduced.

DO 260 I=I,N

BIG = 0.0

This i_ the outer koop of the search for a pivot element,

DO 210 J=1,N

IF (%PIV(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) )
IR_ = J

ICOL= K

END IF

ELSE IF (IPIV(K) .GT, I ) THEN

PRINT *, I ,
PRINT *+ ' >>> The _r_Jt I_trtx to _USSJ is

_ tsJnguLar. <<<_

PRINT ** * *
PRINT *, tFLAP terminated abnormally due to the

, _the error Listed above.'

STOP

EMDIF

CONTINUE

D-42



ENDIF

210 CONTINUE

IPIV(ICOL) = IPIVCZCOL)+ 1

C ge now have the pivot element; so we interchange rows. ]f
C needed, to put the pivot element on the diagonal. The ooL-

C umnsare not physically interchanged, only reLabeled:
c ]NDXC(1), the column of the lth pivotal element, is the ith
C column that is reduced, while INDXR(1) is the row in which

c that pivot element was originally Located. If INDXR(1) is
C not equal to INDXC(1), there is an implied column 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 ( IROb/.NE. ]COL ) THEN

DO220 L=I,N

DUM = A(XROW,L)

A(IRO_/tL) = A(XCOL,L)
A(ICOL,L) = DUN

220 CONTINUE

ENDIF

C Weare now ready to divide the pivot row by the pivot
C element, Located at (IROg, ICOL).

INDXR(1) = IROW

INDXC(1) = ICOL

IF (A(ICOL,ICOL) .EQ. 0.0 ) THEN

PRINT*, , t

PRINT *, r >>> The inputmatrtx to GAUSSJts
& , 1singular. <<<,

PRINT *, a t
PRINT *, tFLAP terminated abnormally due to the

& , 'the error Listedabove.'

STOP

END]F

PIVINV = 1.0/A(ICOL,ICOL)

A(ICOL,ICOL) = 1.0

DO230 L=l,N

230 A(ICOL,L) = PIVINV_A(ICOL,L)

C Reduce all the rows except the pivot one.
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C * *

C * NamedCOMMONbLoaks used Jn this routJtlel *
C * _'

C * nolle *
C * *
c ********--**--****--**********************************

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

C * LooaL and dummyvariables used in thts rout{nel *
c * *

r, * ANS - Answer to user question. *
C * EXrSTS - Flag that Jnd|cates whether or not a file *

C * already exists. *
C * ISOPEN- Ftsg that indicates I_hether or not unit l+ *
c * Js already eat|re. *
C * gEDOPN- FLag that indicates whether or not we need *

C * to open the results file. *
C * RESFXL- Nameof file to store results. *

C * TERP - Temporary vartabte used to store the name *
C * of the results ft le. *
C * *
C *--*******--**********************************

INTEGER LNTH

LOGICAL EXISTS
LOGl CAL ! SOPEN

LOGICAL NEDOPN

CHARACTER*I ANS

CllARACTER*(*) RESFIL
CHARACTER*50 TEMP

1000 FORMAT( t Enter name of resutts f|Le [=e , A , t] > t )
1100 FORMAT( A )

1200 FORMAT( '1' )

C Get nameof resuLts file.

100 PR]NT1000, RESFIL(I:LNTH(RESFIL))
READ 1100, TEHP

[F ( TENP.EQ. I , ) THEN

C The user hit Just an <Enter>. Use the old name.

TEMP= RESFIL

ELSE

C Convert file r_ to upper case if a namewas typed in.

CALLCAPS( TEMP)
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DO250 LL=I_N

IF ( LL oNEo ICOL ) THEN

DL_ = AtLL_ICOt,)
A(LL,ICOL) = 0.0

DO 24D L=1_N

240 A(LLsL) = A(LLtL) " DUH*A(ICOLsL)

END IF

250 CONTINUE

26n CONT!HUE

C Unsoramble the soLut{on in vJe_ of the coLumntnterohanges,

c , _e do this by _nterchang]ng pairs of cuLtllz_s in the reverse
C order that the permutation was built up.

DO310 L=N,1,-1

IF (INDXR(L) oNE. INDXC(L) ) THEN

DO300 K=I,N
°

DUH = A(K, INDXR(L))
A(KtINDXR(L)) = A(K, INDXC(L))
A(K,!NDXC(L)) = DUH

300 CONTINUE

END IF

310 CONTINUE

RE_URN
END

SUBROUTINEGETFIL ( RESFIL )

C ** _W * *'W_** *lk'W'W'W'Wlk'W'W_WW'k'WtVW*WW_'* W'WWlk'WW'WW*WW * W* W*W W*'W WW'_W ** W*W_W*!

C * *

C * Subroutine GETFIL gets the nan_ of the results file and *

C * opens it. if the file already exfstss the user ts *
c * asked ]f tt should be overwritten. *
C * *
C W*-WWW*'II,_,_'_k'W','WW'*WWW__k'WWWWW'CrWW*W'WWWWWW*W'WW'*_ W_*W_* **_

C *_ww.A.Ww.w'** ,.w *,w, w, w,,.,-,_ wlv ,.w, ,.w** ** lk-W_,wt_ w._w.w_w,, ,w.ww_, w.w_ **.w_ _

C * *
C w External referen_ers in this routine: *
c * *

c * LNTH - Returns the Length of e string. *
c * *
C **_*_**_w_*_w_w_*w_k_1z_w*`www1k_*w_ww_1_nvw_w*_*w_w_*_*_ww_*_*_*_1_rw
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ENDIF

C Check to sea tf unit 4 t_ already attached.

INQUIRE(4, OPENED=ISOPEN)

IF ( ISOPEN ) TIIEN

IF ( TEHP.EO, RE_FIL ) THEN

C Use the .ame file that's already open. Eject a page.

.WRITE(4,1200)
NEDOPN= .FALSE,

ELSE

C Use a different f|le. Close old one.

CLOSE( 4 )
NEDOPN= .TRUE.

END IF

ELSE

C No open ft_e yet. We_ to open one.

NEDOPN= .TRUE.

ENDIF

iF ( NEl)OPE) THEN

C _e need to open ttle new results file. Does Jt already
C exist?

INQUIRE ( FILE=TEMP, EXIST=EXISTS)

IF ( EXISTS ) THEN

C F|le already extsts. Wrtte over it?

PRINT *, _ >>> FILe already exists <<<s
110 PRINT * I I

PRINT *, SDoyou want to overwrite the old data?°

& , ' (Y,N) > I

REN) 1100, ANS

IF ( ( ANS.EQ. eH_ ) .OR. CANS .EQ. Snr ) ) GOTO 100

IF ( ( ANS .HE. iyi ) .AND.. ( AHS .HE, ty0 ) ) GOTO 110

b
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ENDIF '

C Open the results fits.

OPEN( & s FILE=TEHP, STATUS=tUNKNOtVN_

& s CARRXAGBCONTROL=tFORTRANI )

ENDIF

C SaVenameof results ftke.

RESFIL = TEHP

RETURN
END "

SUBROUTINEI_DUCO( IgBOP,D s NPTS,+BLDA_G)

C *tk-tt*_tlt"Ltlk*-k**"**llltltltititdrihti-_ttt_tin***iV,llr*_ar*_lt-*, _, **_ _ _ _ _,,,
C * *

C * Subroutine INDUr_ computesthe Induced Velocities along *
C * the blade. These are then used to ¢cwnputethe aeroch/- *

C * nemlo forces. The values ten,puled arid returned by this *
c * routine are all in non-dimers|enel form. That tsl they *
c * are divided by R, OMEOAor R*ONEOAwhere necessary. *
c * *

c ********--*--**********--*****--**************
C * ' *

C * External referenges tn this routine= *
c * *

C * I_one *
C * *
C ,_-_,,,w, ,, ,_r,wr***_ *w,t_r**tlt*tii*ti_*wr**i****w_rii*_r** _ w**_*w

C * *

C * Na_ed COH_ff)Nblocks used in thts routine: *
c * *

C * AER01 - Holds coefficients related to aerodynmn]c *
C * Loads calculations such as ClAtpha, CdZero, *
C * etc. *

C * BLADE - Holds blade property values such as stiff- *
C * ness ar_l massdistributions. *
C * CONST - Turbine and other constants used in toad *
C * calculations. *

C * POSITN* Holds peraa)eters related to blade posttlon *
C * such as PFI%,PSI, etc. *

C * TURBN -ttotds turbine parameters such as numberof *
C * btedes_ rotor speed, etc. *

C * VINDUC" Holds induced velocity _omponerlts. *
C * WIND - Holds vinci shear and tower shadow raceme- *
C * tens. *
C * V#NI1V_L- Holds values used _n wind shear and tower *

C * shadow computations. *
C * *
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Wll,drl *_ _ _tWlttlli_WtHk trl_W*W*/rtr J/flit/r* _r*

* Local and dummy ,'ariabtes used in this routine: *

I

* A2BVL - Temporary storage. *

* AA - Temporary storage. *

* ALMP - Temporary storage. *

* AM2BV - Telq:mrar'y storage. *

* AM6V - Temporary storage. *

* APR - Temporary storage. *

* APR1ME - Temporary storage. *

* ASTAR - Temporary storage. *

* BB - Temporary storage. *

* ELDANG- BLade azimuth position. *

* BPRINE - Temporary storage. *

* BVALUE - Temporary storage. * i

* CC - Temporary storage. *

* CPRIME - Temporary storage. *

* CSS - Temporary storage. *

* DELVSH - Temporary storage. *

* F1 - Temporary storage. *

* F2 - Temporary storage. *

* F3 - Temporary storage. *

* F4 - Temporary storage. *

* I - Generic index. *

* INBOeD - The _r of blade stations that are not *

* on the airfoil section. IMaORD is used in *

* other routines to differentiate between *

* sections _f the blade with and without an *

* airfoi t section. *

* !SUBP - Temporary storage. *

* XSUBW - Temporary storage. *

* J - GL'_eric index. *

* LAMDAH- Inftoe ratio. *

* MPRINE - Temporary storage. *

* NPTS - Number of points along the blade used to *

* perform Simson's integration for calculat- *

* ing the moments and forct_ at the blade *

* root. (passed from FLAP1) *

* P - Temporary storage. *

* RBAR - TeaIporary storage. *

* RDCL1 - Temporary storage. *

* PJ)CL2 - Temporary storage. *

* STEADY - FLag to indicate steady flow. *

* STEP - Distance b_tMeen points along the blade. *

* TAU - Temporary storage. *

* TAU_ - Temporary storage. *

* TAUTZL - Temporary storage. *

* THETZL - Temporary storage. *

* TLAN - Temporary storage. *

* TSUEZR - Temporary storage. *

* VltIDPC - Temporary storage. *

* VINDS - Temporary storage. *

* Z - Blade position pointer. "

REAL A2BVL

_
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REAL AA

REAL ALHP

REAL AH2BV

REAL AHBV

REAL APR

REAL APRINE

REAL ASTAR

REAL BB

REAL BLDANG

REAL BPRINE

REAL BVALUE

REAL CC

REAL CPRINE

REAL CSS (5)

REAL DELVSH

REAL F1

REAL F2

REAL F3

• REAL F4

REAL I SUBP

REAL I SUB_/

REAL LAt_AH

REAL NPRINE

REAL P

REAL RBAR

REAL RDCL1

REAL RDCL2

REAL STEP

REAL TAU

REAL TAU4

REAL TAUTZL

REAL THETZL

REAL TLAH

REAL TSUBZR

REAL VII_PC

REAL VINDS

REAL Z

INTEGER I

INTEGER INBORD

INTEGER J

INTEGER NPTS

LOGI CAL STEADY

INCLUDE rC: INCLUDE_a,ER01• INCe

! NCLUDE sC: I NCLUDE\BLADE2.]NCJ

INCLUDE tC: ! NCLUDE\COHST2.INC'

_NCLUDE lC: INCLUDE\POSITN. [NC'

INCLUDE tC: INCLUDE\TURBN.INC t

INCLUDE sC: I NCLUDE\VINDUC.INC'

INCLUDE sC: INCLUDE\tJIND2. INC I

INCLUDE _'C: I NCLUDE\I,_NDVEL. I NC_
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2000 FORHAT( / 0 >>> Error in steady induced velocity. <<<0
& / 0 >>> Negative value in SQRTwas set to O. <<<l

& / 0 >>> BLade angle =' , F6.2
0 <<<li

& / o >>> BLade station =' , 13.2
& , t <<<l
& /)

C In|t_atIze constants.

INBORD= I

LANDAH= HUBVEL/(RR*OHEGA)
STEP = BLTIP/( NPTS - 1 )

IF ( TSHAD_/.EQ, 0.0 ) THEN
TSUBZR= 0.0

ELSE
TSUBZR= TSUBO

END ! F

DO 100 I=1,5
100 CSS(I) = COS( IWBLDANG)

C Moveblade station pointer to inboard start of airfoil section
C on blade.

Z=O.O

110 IF ( Z .LT. BLSHNK) THEN

Z = Z + STEP

INBORD= INBORD+ 1

GOTO 110

END I F

C InitiaLize internal values.

ASTAR = 0.20

HPRIME= 2.40
BVALUE= 0.16
Z = 0.0

ALMP = LAMDAH_I4PRI HE
AHBV = HPRIME+ BVALUE

AH2BV = LAJ_AH*(MPRIHE. 2.0*BVALUE)

APR = 1.0/( 8.0*PI*RR )
. A2BVL = 2.O*BVALUE*LAHDAI_

TLAM = LANDAHWLAI_AH

: Loop through blade stations.

DO220 I=I,NPTS

--4
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IF ( I .LT. INBORD ) THEN

VINDR(%) = 0.0

VINDO(!) " 0,0

DVIHD(%) = 0.0

ELSE

STEADY = .TRUE.

RBAR = ( Z + HUBRAD)/RR

TtlETZL = THETAP " TftETAO(!)

TAU = APR*( CLALFA(Z)*CHORDCZ)WNBLAD$ )

TAUTZL = TAU'*THETZL

AA = RBAR " 0.SWTAUTZL

lIB = RBAR*TAU " LAHDAH*( RBAR

& " (k_HR(O,I) " TSUBZR )*( RSAR " TAUTZL ) )

CC = "RBARW( RBARWTAUTZL

& 4. LARDAH*(_SHR(O,]) - TSUBZR )*( LA_AH - TALl ) )

C C(xq_te the Induced velocity. F|rs¢ check to see if the

C coefficient of the squared term ts zero. ]f tt ts, then

C the equation is Linear. If the radical of the root is

C Less than zero, then the momentum solution ts invalid,

c set the radical to zero and go on.

IF ( AA .fiE. 0.0 ) THEN

RDCL1 = BB**:) - 4.0*AA*CC

XF ( RDCL1 .LT. 0.0 ) RDCL1 = 0.0

V]NI)R(%) = 0.5*( -BB + SORT( ._CL1 ) )/AA

ELSE

VINDR(I) = -CC/BB

END 1F

C Check to see if the induced condition is steady or

C tHrbuLent. %f it is turbulent, compute turbulent

C intermediate values and recompute the induced velocity.

IF ( ( 1.0-VINDR(I)/LAMDAH .GT. ASTAR ) ,OR.

& ( RDCL1 .EQ. 0.0 ) ) THEN

STEADY = .FALSE.

TAU4 = 4.0*TAU

APRIME = 2.0*TAUTZL

BPR%ME = -RBAR*( ALMP + TAU/+)

& " LANOAH*(i_HR(O,%) " TSUBZR ).

& *( RBARWMPR%ME" 4*TAUTZL )

CPR]RE = RBAR*( 4*RBAR*TAUTZL + AMBV*TLAM

& + LANDAH*(WSHR(O,%) " TSUBZR )

& *( AM2BV - TAU/+ ) )
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C Coml_Jtethe induced veloc|ty. Use same Logtc as

C for steady flow.

IF ( APRIHE.NE. 0.0 ) THEN

RDCL2: BPRIHE*WZ" 6*APR[HE*CPRIHE

IF ( RDCL2.LT. 0.0 ) THEN

PRINT 2000, BLDANG, !

RDCL2= 0.0

EHD IF

VINDR(]) = -0.5"( BPRIHE. SQRT(RDCL2) )/APR[HE

ELSE

VINDR(I) = -CPRIME/BPRIME

EHDIF

END ]F

VINDO(]) = LAHOAH- VINDR(I)

C Calculate the intenl_=diate coqllponentsfor for_|ng i_ed

c velocity tems..

F1 = TAU*VINDR(I)*(ViNDR(%) " 2*RBAR*THETZL)
F2 = TAU*( RBAR" THETZL*VINDR(1))

F3 = RBAR_(V|NDR(I) " VINDO(I) ) + F2

ZF ( STEADY) THEN

iSUBP= F1/F5
[SUBW= LAHDAH*(F2 - RBAR*VItlO0(1) )/FS

ELSE

F4 = RBAR*ALMP+ 4"F2

]SUBP= 4*F1/F4
]SUBW= I.N_)AH*( 4_F_ " RBAR*( A2BVL

& + MPRIHEWV[NDO([)) )/F4

END IF

C Form induced velocity componentsof order epsfton, etc.

V]NDC(1) = -PH](O)*ISUBP + t_3HR(1,1)*ISUBW
VINDS = "CH]*ZSUBP

DO 200 J=2,5
200 VINDC(J) = WSHR(J,I)*ISUBW
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C Compute the tower shadow effect if in the tower shadow

C reg t on.

IF ( TSHADW .NE. 0.0 ) THEN

VINDPC = TSUBP*ISUBW

p = KSHADk"tp;/PSI ZER

DELVSH = VINDPC*COS( pr( BLDANG" PSISHD ) )

ELSE

VINDPC = 0.0

DELVSH = 0.0

END I F

C Comj_te the de*ta-V-induced term. J.e., the sum of the

C order epsf lon components.

DVIND([) = VINDS*SIN( BLDANG ) - DELVSH

DO 210 J=1,5

210 DVIND(i) = DVIND(i) + ViNDC(J) * CSS( J )

END IF

C increment the btade position pointer and repeat the induced

C velocity procedure out to the btade tlp.

Z = Z + STEP

220 CONTINUE

RETURN

END

SUBROUTINE iNVERT ( ANAT , A[NV _ N )

C * *

C * Subr_ltine INVERT is a transparent interface between *

C * the caLtin9 r'outinej SOLVE, and GAUSSJ, the routine *

C * that performs the actual inversion. The incoming ma- *

C * trtx is unaffected by the inversion process. *

C * *

C _tW _WIlI_ IkWt*ttCWWllr_W*W*I_ iPk t_1P_ WW_WI_WtCWtI_I_** t _¢**ttlrlk*_* *

C *

C * External references tn this routine: *

C * *

C * GAUSSJ - Matrix inversion using Gauss-Jordan etimi- *

C * nation with furl pivoting. *

c * *
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C w *

C * NamedCOMMONblocks used in this routine: *

c * *

C * P_ne *
C * *

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

C * *

C * Localand dummy variablesused in this routine: *
C * *

C * AINV - The resultinginversematrix. *

C * AMAT The incotning matrix to be inverted. *
C * I - Generic index. *
C * J - Generic index. *

C * N - The order of the incoming square matrix. *
c * *

[_ .k*.kW-k*W**_r_lr***WRCrl_kI_I_W*WW-k****t*_t * *** ** ***.k* *, *_r.k*_rW_ * **_* *

REAL AINV (4,4)
REAL AMAT C4,4)

ZNTEGER !

INTEGER J
INTEGER N

: Load the incoming matrix into the inverse matrix AINV.

DO 20 I=I,N
DO 10 J=I,N

AINV(I,J)= AMAT(I,J)
10 CONTINUE
20 CONTINUE

: Invert the matrix.

CALLGAUSSJ( AINV , N )

RETURN
END

SUBROUTINELIMITS

: * Subroutine LIMITS inputsthe run limitvaluesthrough *

; * interactive dialog. A set of default values are init- *

: * ializedin the BLOCKDATAsubprogram. *
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C * External references ]n this routine: *

c * *

C * none *

C * *

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

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

C * *

C * Named COMMONblocks used in this routtne: *

C * *

c * L1MITC - Holds Values used in the LIMITS routine. *

C * *

C **'W** *,**_*'*lk"*'*'_llr*m *'_'itW_It*WWW W'W_ *'A"kW'k'W_W'Wm'__* **

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 * ]CASE - Number of var{able to change. *

C * P1 - Tencmrary 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 r_ *

C * of the results file. *

C * *

REAL PI

REAL P2

INTEGER ]CAGE

CHARACTER*I ANS

iNCLUDE IC:INCLUDE\LIMITC.INC0

1000 FORMAT( // ' The current values of the run parameters are: _ / )

1100 FORMAT ( IX , A , F8.3 , A )

1200'FORMAT ( IX , A , I4 , 4X , A )

ZOO0 FORMAT( A )

C Print out the current limit values.

100 PRLNT 1000

PRINT 1100, I 1 STEPMX = _ , STEPMX

& , ' degrees Maximum Step Size 0

PRINT 1100, ' 2 STEPMN = ' , STEPMN

& , ' degrees Minimum Step Size _

PRINT 1100, 0 3 PRINT1 = ' , PRINT1

& , ' degrees Printout Interval in Region 1_
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PRINT 1100t ' 4 PRINT2 = I PRINT2
& , t degrees Printout Interval in Region 2 I

PRINT 1100, i 5 BEGIN2= e BEGIN2
& , i degrees BeginnIng of Prtnt Region 2_

PRINT 1100, i 6 END2 = I END2
& , I degrees End of Print Regton 2I

PRINT 1100, i 7 EUERR = I , EUERR

& , e percent Max value of EuLer error f_ttont

PRINT 1100, i 8 TRMERR= ' TRMERR

& , e percent Convergence Criterion for Trim Solution _

PRINT 1ZOO, * 9 NYAW = _ NYAW
S , _ Ho. of Disk ReVolutions for Yawtng soLn._

IF ( TRACEF) THEN

PRINT *, '10 TRACEF= .TRUE. Trace Flag I
ELSE

PRINT *, 110 TRACEF= .FALSE. Trace FLag'
ENDIF

C Ask user for changes to present values.

200 PRINT ** * '

PRINT *, #Doyou want to change any of these values? (Y,=N) >
READ2000, AN,

IF ( ( AN, .EQ. iyt ) .OR. ( AN, .EQ. lyl ) ) THEN

210 PRINT *, ' '

PRINT ** 'Enter number of variable you wish to ohange > t
READ * e ICASE

IF ( ( ICASE .LE, 0 ) ,OR. ( ICASE .GT, 10) ) THEN

PRIHT *, ' >>> Invalid response. PLease try again. <<<'
GOTO 210

ELSE

C Changeone of the variables.

GElTO (300,310,320,330,_0,350,360,370,380q390), ICASE

300 PRINT *, 'Enter new REALvalue for STEPMX> '

READ *, STEPMX
GOTO 100

310 PRINT *, SEnter newRFAL value for STEPHN> i

READ *, STEPNN
GO TO 100

520 PRINT *, 'Enternew REALvalue for PRINTI>
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READ *, PRINT1
gO TO 100

:330 PRINT *, tenter nekl REALvalue for PRINT2 > t

READ *e PRINT2
GOTO 100

340 PRINT *+ 1Enter new REALvaLUe for BEGIN2> t
READ *l BEGIN2
GOTO 100

350 PRINT *, _Enter' new REALvalue for END2>
READ *e END2
gO TO 100

360 PRINT *, renter new REALvalue for EUERR> t

READ *l EUERR
GOTO 100

370 PRINT *t tenter nel_ REALvalue for TRMERR> i
READ *, TRI4ERR
Go TO 100

380 PRINT *, _Enter new INTEGERVaLue for NYAW> '

READ *, NYAW
GOTO 100

390 PRINT *_ IEnter new LOGICALvalue for TP_CEF(T,F) > i
READ *, TRACEF
go TO 100

ENDZF

ELSE IF ( ( kJ4S.NE. tNf) .AND. ( ANS .NE. _nS )

& .AND. (ANS .NE. _ i ) ) TtlEN

PRINT _ t >>> Invalid response. Ptea_e try agetn. <<<'

GOTO 200

ENDIF

C Check to make sure the vatues of PR1NT1and PRINT2 are integer

C muLtipLes of STEPNX, If they are not, print error messageand
C go back to the change values section.

Pl = STEPHXWINT(PRINT1/STEPHX+ 0.00001 )
P2 = STEPHX*INT(PRINT2/STEPHX+ 0.00001 )

'IF ( ABS( P1 " PRINT1 ) .GT. 0,001 ) THEN

PRINT *, I I

PRINT *, _ >>> PRINT1 must be a InulttpLe of STEPMX <<<_

GOTO 100

ENDIF

IF ( /CBS(P2 - PRINT2 ) ,GT, 0.001 ) THEN
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PRINT *t I t

PRINT *s I >>> PRINT2 must be a muLtipLeof gTSPMX <<<l

GOTo 100

ENDIF

REIURN

6ND
FUNCTIONLNTII ( STRING)

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

C * *

C * Function LNTHreturns the Length of a character string, *

c * Men Lmlng the Lahey F77L oomptLers the intrinsic rune. *
c * t|urt NBLANK oan be used as we do here. This funotion *

C * was supplied to make oonverston to other coo_tLers ees. *
C * ter. ' *
C * *

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

c * *

c * NamedC(:_tONbLooks used in thts routtnel *
C * *

C * none *
C * *

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

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

C * Variables used in this routine= *
C * w

C * IC - Generic index. *

C * LENGTH- The dec(ared Length o_ STRING. *
C * LNTIt - The Location of the Last nonbtank oharaoter *
C * in STRING. *

C * STRING- A characterstring. *
c * *

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

INTEGER IC

INTEGER LENGTH
INTEGER LNTH

CHARACTER*(*) STRING

C Get the declared length of STRINGusing the FORTP_N77 intrinsic
C function LEN.

LENGTH= LEN( STRING)

C Find the Locatton of the Last nonbLank character tn QTRING.
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DO 100 ]C"LUNOTt_sI_'I

LNTH_ XC

XF (STRINQ(ICtlC) ,HB, ' $ ) GOTO 200

100 CONTINUE

c 9TRINQ ts etl blanks.

LNTtl, 0

200 RETURN
EHD
SUBROUTINELDOOUT( NCALLS)

C WW****_W_wW**W*t_r**WWW*_ke*_r_W_WW**W*WWW*_r_W_W**#W_lWWWk/rCr_*

C * SubroutJns LCOOUT|s used to +oa_pute bLade Loads and *
C * print them out. w
C * *

C * ,

C * EXtel,naL references |n th4s rout]naz *
c * *

c * _ERO - Calculates the aerodynamic forces on the *
c * blade. ,
c * CO_VRT- Performs Unlts conversions. *

C * LNTN " Returns the Length of a strife, *

C * NXTPtI! - Calculates the next values of the ya_ varl* *
c * ables. *

C w SIHPSN- Compoatte S|mpson_s Integral|on, *
C * TRPZOO- Composite trapezoidal Integration, *
C * w
C w,w_wwew,,w_,_, w*w,ww*,***w*wwww*'kcr_ww_rWW_tW_WWW_r*W* _**WW_tW

C w_Wk_*ww_1_t_k_W`*1k_W_W_1r_*_*_*_W1if_W_*_*_W_frW'k"_*1_r*_

C * *
C * Named¢OHHOflblocks used _n this routjneI
C * *

C * _d_R01 - Holds coefficients related to aerodynamic *
C * Loadscalculations such as CLALph_,CdZero, *
C * ,tc, *

C * A!RFRC" fields val,ues used |n aerodynamic caloute- *
C * t(ons. *

C * BL/_E . Holds bl,a_te prol_rty values such as s_tff- *
C * hess and massdJstr|but_ons. * ,

C * CONST - Turbine and other' constants used in Load *
c * calculations, *

c * FORMS- Holds blade deflections, *
C * LIMITC - Holds values used _n the LIMITS ro_t|ne, *

C * LITERL - ItoLdsdata set t|tLes, *

C * LI]OVAL- HoLds values used to computeb_acie Loads, *
C * POSlTN- tloLds parameters related to blade position *
C * such as PH!, PS!_ eto, *
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C * SARAYS- HoLds new and old values for the generaL. *
c * tzed coordinates, *

C * SHAPE - HoLdsblade coordinate shape functions, *
C * TBNSIN- HoLds tension component integrals. *
C * TURBN . Holds turbine parameters such as number of *

C * bLadess -stor speed, atc. *
C '_ WIND • HoLdswind shear and tower shadow parsee, *
c * taps, *

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

C **********************************************************
c * *

c * Local and dummyvariables used in this routing= *
C * *

c * AVEMOH- MeanfLap_Jse bending momentat O,2*R, *

c * BLDAki[_- BLade azimuth position, *
c * COEF1 - CompLicatedterm, *
C * CO,F2 - CompLicated term, *

c " CO_F3 - complicated term. *
C * CO,F4 - Coe_ttoeted term. *
C * CDIF5 - CompLicated term, *

c * COEF6 - Co(qoLioated term, *
C * COEF7 . CompLicated term, *
c * COEF8 - CompLicated term, *
c * CPS] - Cosine o4 the blade angle, *

C * DMSBAC- CompLicated term, *
C * ECI_NGR- Integral of ECHTFN, *

C * EDOI_FN- Edgewise shear force distribution, *
C * EINTgR - lntesraL of EI)GEFN, *

C * FACTR1- CoeN_Lloatedterm. *
c * FINTGR- Integral of FLAPFN, *
C * FLAPFN- Ftapwtse shear force distribution, *
c * FPS2KW- Factor for converting Ft-Lbe/seo to KW, *
C * ! - ge_erj¢ Index. *

C * IBBOIN - Azimuth position for beginning of print re- *
C * sign 1, *
C * IEND - Az|muth posttton for end of print region 1. *

C * ILABEL- Strings used for printout. *
C * IPRNT1- Printout interval for results in print re- *
C * gton '1. *
C * Irs! - lntegerized disk station azSmuthpositions, *
: * XPSIST- The next STBPMXstatton in integer degrees, *

" * IrT - Datapoint index. *
; * IST - Station Index. *

; * IVALUE - Temporary storage. *
: ,w J - germrto index. *

: * LABEL1- String to hold variable names, *
: * LABEL2-Strtng to hold units for variables, *

: * LABEL3- String to hold variable desc.ipttons, *
: * LABEL4 -Strtng, *
: * I.ABEL5- String, *
: * LL - Generic index, *

: * M - generic index. *
: * NCALLS- Numberof caLL_ to LOOOUT, *

: * NOI_PS!- Currentvalue o_ azimuthposition. *

• NPTS - Number of points along the blade used to *
• performSimpson_s tntegrettor_ for osLouLat- *

• ing the moments and forces at the blade *

• root, (pas_.-'di_romFLAP1) *
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C * NSHP -Counter on DO Loops _or the ooordtr_te *
• shape function, *

C * NSTN . Numberof stationsaroundrotordlsk. *

C * NTORQB" N_r of ValUes used _:oool_p_JteTRQSLFFi, *
C * NTOT - NUmberof values used to oonc_JteAVEH_. *
C * _OASQ . Omega^2, *

C * POWER- Power output of wind turbine. *
C * PRDCTO- Temporary storage. *
C * PRDCT1- Temporary storage, *
C * PRDCT2- Temporary storage. *
c * PRODCT- Temporary storage. *

C * PROOD- Tee@orary storage. *
C * PXAERO- Aerodyrmm{c loads in the edgewise dirac- *
C * tier|. *

C * PYABRO- Ael'odynmnto toads in the flar_tse dlrec- *
C * tier. *

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- Teevporary storage. *
C * RPO - Phi in degrees, *

C * RP1 - Phi-dot tn deorees. *
C * RP2 - Phi-dot-dot tn degrees, *
C * RPH] - Phi and 1ts derivatives at this disk sta. *
C * t|on. *

c * RTIHE - Time values in yaw solution, *
C * SINTGR- The integral of VXFCN, *
c * SPSI - sine of the blade angle. *
C * STEP1 -Dtstance betweenstations along the blade. *

C * TIMNOW- Currenttime, *

C * TINTGR- Integral of TSNFCN, *
C * TOOEQS- FLag used to tell CONVRTto convert tfreer *

C * variables to degrees, *
C * TORADS - Flag used to toL_ CONVRTto convert _free t *
C * variables to radtans. *

C * TORQFN- The torque produced by an {noremental aere- *
C * cl)¢mmlc force. *

C * TRQSUM- Total torque. Integral of TORQFN. *
C * 1SWFCW- Product of the tension force end the slope *
C * at a bladestation. *

C * VALUE - Temporary storage, w
C * VXFCN - Productof the edgew|se shear force and the *

C * blade slope at a blade station. *
C * *

REAL AVEI_)H

REAL ELDAWQ
REAL COEF1
REAL COEF2

REAL COEF3
REAL COEF4
REAL COEF5

REAL COEF6
REAL COEF7
REAL COEFB
REAL CPSI

REAL DMSBAC
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REAL ECENGR

REAL EDGEFN (21)

REAL EINTGR

REAL FACTR1
REAL FINTGR

REAL FLAPFN (21)

REAL FPS21GJ

REAL OMGASQ

REAL POWER

REAL PRDCTO

REAL PRDCT1

REAL PRDCT2

r REAL PRODCT (21)

REAL. PRODD

REAL PXAERO (21)

REAL PYAERO C21)

REAL QZAERO

REAL QZFCN (21)

REAL RDIST

REAL RPO

REAL RP1

REAL RP2

REAL RPHI (360,0:2)

' _ REAL RTIME (360)

REAL SIMPSN

REAL SINTGR

REAL SPSI

REAL STEP1

REAL TINNOM

REAL TINTGR

REAL TORQFN (21)

REAL TRPZO0

REAL TRQSLIM

REAL TSNFCN (21)

,REAL VALUE (26)

REAL VXFCN (21)

REAL ACOF (0:10,21)

REAL BCOF (0:10,21)

INTEGER H

INTEGER I

INTEGER IPRNT1

INTEGER IPSI (360)

INTEGER IP$IST

INTEGER IPT

INTEGER IST

INTEGER IVALUE (4)

INTEGER J

INTEGER LL

INTEGER LNTH

INTEGER M

INTEGER NCALLS

INTEGER NOWPSI

INTEGER NPTS

INTEGER NSHP

INTEGER NSTN

INTEGER NTORQS

INTEGER NTOT

INTEGER MITER

INTEGER NHARM
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CHARACTER*I0 I LABEL (4)

CHARACTER*9 LABEL1 CZ6)

CNARACTER*11 LABEL2 (26)

CflARACTER*45 LABEL3 (9)

CltARACTER*I9 U_EL4

CflAP,ACTER*2 LABEL5

CHARACTER*I ANS1

CHARACTER*50 LABEL6 (9)

LOGICAL TODEGS

LOGICAL TORADS

INCLUDE t C: I NGLUDE_kER01. I NCi

INCLUDE _C: IHCLUDE_AIRFRC. [NC t

INCLUDE _C: INCLUDE\BLADE2. INC_

INCLUDE , C" I NCLUDE\CONBT2.! NC

]NCLUDE i C" I NCLUDE\FORNS.I NCt

INCLUDE i C: INCLUDE\LINITC. INC I

INCLUDE ' C: I NCLUOE\LI TERL. I NC'

INCLUDE , C: I NCLUDE\LCOVAL.I NCe

INCLUDE DC:INCLUDE\POSITN. INC_

INCLUDE oC: I NCLUDE\SARAYS.I NC,

INCLUDE rC: l NCLUDE\SHAPE.INC'

INCLUDE ' C: ] NCLUDE\TENS[ N2. INC°

INCLUDE ' C: ] NCLUDE\TURBN.I NCi

INCLUDE I C: ]NCLUDE\RESLT$. I NCi

INCLUDE "C: ]NCLUDE\WIND2, INC t

SAVE I LABEL

SAVE LABEL1

. SAVE LABEL2

SAVE LABEL3

SAVE NPTS

SAVE TOOEGS

SAVE TOP,ADS

SAVE I PSI

DATA FPSZIG_ / 0.0013558 /

DATA ILABEL / tKSHADW= ' , 'NBLAD$ = _

& , 'NSHAPS = ' , 'NYAW = ' /

DATA LAIIEL1

& / 'ALENTH = ' , 'ALPHAO = ' , 'BETAO = ' , 'BLSBNK = '
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& e °BLTIP = _ , eCHI = I , _CSUBMA= t , #DRQFRM=

& , tEUERR =, , eflUBHT = i , sHUBRAD= _ , _OMEGA= t
& , IpH[AHp = r , 0PHIOHG= i , 'PH[O = t , IpSIZER = i
& , 'RHOAZR= _ , *SHERXP= e , _STEPMX= s , 'STEPHN= *
& , *TSUBP = s , STSUB0 = _ , *THETAP= ' , *THETAT= *
& , STRMERR= _ , *VHUB = s /
DATA LABEL2

& / _feet , , *degrees _ , *degrees ' , 'feet
&, 'feet ' , 'degrees , , ' ' , ,

& , 'percent s , 'feet ' , *feet * , *RPH
& , *degrees ' , *degrees/sec t , *degrees * , *degrees
g , *sLugs/ft^3 * , * * , *degrees * , *degrees

&, s , , s i , tdegree s * , *degrees
&, *percent , , *feet/secondJ /
DATA LABEI.3

& / 'BLade section flap displacement ( feet ) '
& , *BLadesection ftal_ise slope ( feet/foot ) '

& , *BLade section flap velocity ( feet/second ) ,
& , *BLade tension ( Lb )
& , 'BLade edgewise shear ( Lb ) s

& , 'BLade fLapwise shear ( Lb )
& , _BLadefLapwise moment( ft-Lbs ) *
& , *Blade edgewise moment ( ft-L.bs )
& , 'BLade torsion ( ft-Lbs ) * /

DATA LABEL6

& / SBLadefLap-dispLacement expansion coefficients s

& , *BLadefLap_ise slope expansion coefficionts '
& , *Blade flap-velocity expansion coefficients ,
& , 'Blade tension force expansion coefficients '

& , IBlade edgewise shear expansion coefficients I
& , *BLade fLapwise shear expansion coefficients '
& , 'BLade fLapuise momentexpansion coefficients s

& , 'BLade edgewise momentexpansion coefficients '
& , *BLade torsional momentexpansion coefficients ' /

DATA NrTS / 21 /

DATA TODEOS/ .TRUE. /

DATA TOP.ADS/ .FALSE. /

4000 FORMAT( /// 37X , *AnaLysis of Mind Turbine BLade Loads',
& / 39X , 'SoLar Energy Research Institute s //// )

6,100 FORMAT( 3( IOX , A // ) )
4200 FORMAT( 1OX , A , ' Rotor s

& //// 7)( , *Run Parameters, blade data and machine data used in'
& ' this analysis: ' / )

4300 FORMAT( 9X , 3( lX , A , F7.3 , lX , A , 5X , : ) // )

4400 FO_IAT ( /// 9X , 4( lX , A , I3 , 12X ) / )
4500 FORMAT( '1' //// 1X , A , 65X , A , A / )
4600 FORMAT( ' Psi Time Phi Phi-O Phi-DD' , 38X , 'X / R t

& / lX , 151('-')

& / e deg SRC de9 deg/s deg/s^2 .O .1'
& , ' .2 .3 .4 .5 .6'
& , ' .7 .8 .9 1.0'

& / lX , 131('-') / )
{*700FORMAT( 14 , F6.2 , F6.1 , F7'.2 , F7.2 , 3X , 11(IX , IPGS.2E1))

4800FORMAT ( // ' Average FlapwiseMoment= ' , F9.1

& , ' (ft-Lbs)at the 20_ station'/ )

5000 FORMAT( 'I' ///// ' Mean RotorTorqueand Power for a , ZA // )

ILL
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5100 FORMAT( 1OX , eH,an Rotor Torque =l , F13.2 , s ft.Lbs_
& // 1OX , qqean Rotor Power =s , F13.2 s i KWl

& // 1OX , 'HD. of Data Points =_ , I13 )

5200 FORHAT('11 t11/I lX, A, 65X, A, Al)

5300 FORHAT(69)(, 'X / R ' / 1X, 131Ct'f)/ 131(e")/

& 12)(, I.O .1 .2 .3 .4 l
&' .5 .6 .7 .8 .9 I

&' 1.'1

& 1X, 131(1" _/131('J)/)

5400 FORHAT(1X, 'Ar,II,'=',3X, 11(3X,1PGS.2E1))

5500 FORHAT(lX, 'B',Ile'=_,3X, 11(3X,1PGS.2E1))
5600 FOR_T (1X, 131('-'))

C Initialize torque count and sum.

t_TORQS= 0

TRQSUH= 0.0

C Set sceneconstants that are user to computetension and shear.

OI4GASQ= OI4EGA**2
COEF1 = 2.0*OMEGA*STHP

COEF4 = OHGASQ*STHP*CTHP
COEF6 = OHGASQ*CTHP*CTHP
COEFT = Of4GASQ*STHP*STHP

C Fill the IPS] array with PSI disk station values. This section

C of code is executed only the first time this routine is caLLed.

IF( NCALLS.EQ, 0 ) TltEH

[PRNT1= PR]NTlWRAD2.DG+ 0,001
NSTN = 1
IPSIST = 0

IPSI(NSTN) = IPSIST

120 IF ( ]PS]ST .LT. 360 ) THEN

IPSIST = IPSIST + IPRNT1
NSTN = NSTN+ I

]PSI(NSTN) = ]PS]ST

GOTO 120

ENI)IF

END]F

IPSI(NSTN_= 360

C InitiaLize the time values in the RTIHEarray for the trim run.

IF ( ( NCALLS,EO. 0 ) .OR. ( PHIAHP .EQ. 0.0 ) ) THEN
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DO 200 %=I,NSTN

200 RTIME(I) = 0.0

ELSE

C Catcu[ate the time values around the disk stations for the

C yaw runs.

RTIME(1) = 2*PI*( NCALLS - 1 )/CJ4EGA

DO 210 IST=2,NSTN

210. RTIME(IST) = RTIHE(1) + IPSI(IST)/( RAD2DG*OMEGA)

ENO IF

C Intttattze outer computation toop used for going around the disk.

PROOD= 0.5*RHOAIR*CSUBHA

DO 370 ]ST=I,NSTN

C Compute the PHI values at this disk azimuth.

TIMNOW = RTIHE(IST)

CALL NXTPHI(TIMNC_/)

RPHI(IST,O) = PHI(O)

RPHI(IST#I) = PHI(l)

RPHI(IST,2) = PHI(2)

C Compute constants used in computing the shear and moment

C values.

PSI(l) = IPSI(IST)/RADZDG

NOWPSI = IPSI(IST)

CPSI = COS(RSI(1) )

SPSl = Slg(PSI(l) )

FACTR1 = OHGASQ*BETAO+ 2*OHEGA*CPSX*PHI(1) + SPSI*PHI(2)

COEF2 = GRAV*( "CHI*CTHP + STHP*$PS! + BETAO*CTHP*CPS! )

COEF3 = GRAV*( CHIWSTHP + CTHP*SPS[ * BETAOWSTHP*CPS])

COEF5 = GRAV*CPS[

COEF6 = GRAV*SPSIWSTHP

C Fill the _ arrays.

C V = RESLTS( s ,I)

C V-PRIME = RESLTS( , ,2)

C V-DOT = RESLTS( , .3)

DO 310 IPT=I,NPTS

RESLTS(IST,IPT,1) = 0.0

RESLTS(IST_IPT,2) = 0.0

- •
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RESLTS(IST,IPT,3) = 0.0

DO 300 NSHP=I,NSHAPS

RESLTS(IST,IPT,1) = RESLTS(IST,IPT,1)
& + SHAPE(NSHPtO,IPT)*SNEW(NSHP,O,NO_/PSi)

RESLTS(IST,IPT,2) = RESLTS(IST,IPT,2)
& + SHAPE(NSHP,I,IPT)*SNEWCNSHP,O,NONPSl)

RESL]':(IST,IPT,3) = RESLTS(IST,IPT,])
& + SHAPE(NSliP,OtIPT)*SHEW(NSHP,1,NOWPS])

300 CONTINUE

C The vatues for W(O,IPT) and W(1,IPT) are needed for the
c AEROand VRELroutines.

W(O, IPT) = RESLTS(IST,IPT,1)

W(1,IPT) = RESLTS(IST,IPT,3)

310 CONTINUE

C Computethe aerodynamic force componentsand the Qz compo-
C nent form integrals and save the_ for use in computing the
C shears and mome.nts.

BI.DANG= PSI(l)

CALLAERO( NPTS , BLDANG)

C This section of code computes the rotor torque component
C that produces the turbine shaft torque. The torque is
C averaged over the disk to give average rotor torque for one
C rotor revolution. This does not use weighted values. ALL

C values have equat weight regardless of the azi®Jth spacing.
C Thus these results wilt only be accurate whenPRINT1 and
C PRINT2 have the same value.

STEP1= BLTIP/( NPTS- 1 )

IF ( NO_SI .LT. 360 ) THEN

DO 320 ]=I,NPTS

RDIST = flUBRAD+ STEP1*( I " 1 )

TORQFN(]) = RD]ST*( DAETA(1)*CTHP+ DAZETA(I)*STHP)

320 CONTINUE

TRQSUN= TRQSUH+ SINPSN( 0 , BLTIP , NPTS, TORQFN)
NTORQ$= ,ITOR=S+ 1

ENDIF

DO330 IPT=I,NPTS

=
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DNSBAC = PROOD*CHORD(IPT)*_(iPT)*_2

QZFCN(IPT) = DHSBAC. ESUBAC(|PT)*DAZETA(IPT)

330 CONTINUE

DO 350 IPT=ltNPTS

PXAERO(IPT) = TRPZO0( IPT e BLTIP , DAETA a NPTS )

PYAEROCIPT) = TRPZO0( IPT , BLTIP , DAZETA j NPTS )

C Co_oute the constants needed to coml_Jte tension

C and shear.

PRDCTO= O.O

PRDCT1 = 0.0

PRDCT2 = O.O

PROOCT(IPT) = 0.0

DO 340 NSHP=I,NSHAP$

PRDCTO = PRDCTO+ SNENCNSHP,O_NONPSI)*TCORLS(NSHP,IPT)

PRDCT1 = PRDCT1 + SNENCNSHP,I,NO_PS[)WTCORLS(NSHPtIPT)

PRDCT2 = PRDCT2 + SNEN(NSHPI2,N(._PSl)*TCORL.S(NSHP, IPT)

PROOCT(IPT) = PRODCT(IPT)

& _ _NEW(NSHP,OINO_SI)*CIFNOH(NSHPIIPT)

340 CI_TINUE

RESLTS(IST,IPT,4) = OMGASO*TO_4GA(IPT)+ COEFI*PRDCT1

& COEFS*TGRAV(IPT)

RESLTS(IST,IPT,6) = PYAERO(IPT) - FACTRI*CTHP*TOHGA(IPT)

& + COEF?_PRDCTO- PRDCT2

& + COEFZ_TGRAV(IPT) + COEF4WOFFRAS(IPT)

RESLTS(IST,IPTIS) = PXAERO(IPT) + FACTRI*STHP*TOHGA(IPT)

& + COEF4*PRDCTO + COEF3*TGRAV(IPT)

& + COEF6*OFFNAS(IPT)

EDGEFN(IPT) = RESLTS(|ST, IPTf5)

VXFCN (|PT) = EDGEFN(IPT)*RESLT$(IST, IPT,2)

TSNFCN(IPT) = RESLTS(IST, IPT,4)*RESLTS(IST,IPT,Z)

FLAPFN(IPT) = RESLTS(ISTeIPTf6)

350 CONTINUE

C Co¢_ute the torsion and moment array vahJes for this

c azimuth position.

DO 360 IPT=I,NPTS

EINTGR = TRPZO0( IPT , BLTIP , EDGEFN , NPTS )

SINTGR = TRPZOD( IPT _ BLTZP , VXFCN _ NPTS )

TINTGR = TRPZOD( ]PT , BLTIP , TSNFCN , NPT$ )

QZAERO= TRPZO0( IPT , BLTIP , QZFCN _ NPTS )
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FINTGR = TRPZOD( ]PT , BLTIP , FLAPFN , NPTS )

ECENQR= TRPZO0( IPT , BLTIP , ECNTFN _ NPTS )

RESLTS( I ST, ! PT,7) = T I NTGR " FI NTGR + COEF7_PROOCT( ! PT)

i

RESLTS(IST,IPT,8) = EINTnR - OHGAfiQ*ECENQR

& - COEF4*PROOCT(]PT) + COEFSWOFFNAS(IPT)

RESLTS(IST,IPT,9) = QZAERO- $INTGR + COEF_WDELTIM(IPT)

& + COEFS*OFFNAS(IPT)

36O CONTINUE

37D CONT1NUE

TRQSUN= TRQSUM*NBLADS/NTORQS

POWER = TRQSUNWOHEGAwFPS2KW

C Print out the resulting values with a heading on the first

c pass only. Convert values to degrees for the printout.

CALL CONVRT( TOOEGS )

IF ( 1400( NCALLS , NYAW+t ) .EQ. 0 ) THEN

VALUE(1) = ALENTH

VALUE(2) = ALPHAO

VALUE(3) = BETAO

VALUE(4) = BLSHNK

VALUE(5) = BLTIP

VALUE(6) = CHI

VALUE(7) = CSUBW_

VALUE(8) = DRGFRH

VALUE(9) = EUERR

VALUE(10) = HUBHT

VALUE(li) = HUBRA_

VALUE(12) = OMEGA

VALUE(13) = PHIANP

VALUE(14) = PHIONG

VALUE(15) = PHIO

VALUE(16) = PSIZER

VALUE(17) = RHOAIR

VALUE(18) = $HERXP

VALUE(19) = STEPMX

VALUE(Z0) = STEPNN

VALUE(21) = TSUBP

VALUE(Z2) = TSUBO

VALUE(23) = THETAP

VALUE(24) = THETAT

VALUE(25) = TRNERR

VALUE(26) = VHUB

1VALUE(I) = KSHADg

IVALUE(2) = NBLADS

lVALUE(3) = NSHAPS

IVALUE(4) = NYAW

t/RITE (4,4000)

t/RITE (4,4100) TITLEI(I:LNTH(TITLEI))



& , T1TLE_(1:LNTH(TITLE2))

& , TITLE3(I_LNTH(TITLE3)) .

DO400 J=1,9
400 WRITE(4,4500) (LABEL1(1), VALUE(1), LABEL2(1)t I=J,26,9 )

WRITE(4,4400) (ILABEL(1) , IVALUE(1)I I=It4)

ENDIF

C Convertvatuesbaok to radiansfor use in internal

C catoutattons.

CALLCONVRT( TORADS)

C This section of oode computes the mean ftapwtse momentat the
C 20% blade station for NRTS=21. If NrTS is changed, the seoond

c subsoript of RESLTS(, ,7) rmJstbe changed atso.

C Programmernote:

C Changedto what?

NTOT = 0
AVEMOM= 0.0

DO410 LL=I,NSTN-1

AVEM(_= AVEMOI4+ RESLTS(LL,5,7)
NTOT = NTOT + 1

410 CONTINUE

AVEMOM= AVEMOI4/NTOT

C Form the proper chart headings and print out the ntne charts
C of the resuttsfromthis run.

IF ( NCALLS.EQ. 0 ) THEN

LABEL4= 'TrimSoLution

LABEL5= ' '

ELSE

LABEL4= 'YawSoLution,Rev #'

WRITE (LABELS,'(12,2)')NCALLS

ENDIF

DO 430 M=I,9

WRITE(4,4500) LABEL3(M)r LABEt.4, LABEL5
WRITE(4,4600)

DO 420 I=I,NSTN
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RPO= RPHl(ItO)*RAD2_G
RP1 = RPHICI,1)*RAD2DQ
RP2 _ RPHI(|,2)*RAD2DQ

gRITE (4,4700) IPSI(I) s RTINE(1) t RPO t RP1 e RP2

& t (RESLTS(IIdjN) _ d=l_NPTfit2 )

420 CONTINUE

C Print the average ftal_|se momentat the 20_ blade star]on.

ZF ( H .EQ, 7 ) MITE (4,_00) AV_MO_

430 CONTINUE

IF( NCALLS,EQ. O) THEN
PRINT *, t I

500 PRINT *, tDo you want to perform fourter anatys|s of t
PRINT *, _any of the results data? t

PRINT _s I t

PRINT *t t note_ stlaft loads hamontos will appear tnI
PRINT *e t the shaft Loads ftLe. I
PRINT *l I I

READ*, Ags1
IF ( ANS1 ,EQ. tyt .OR. ANS1 .EQ. tyr ) THEN

PRINT *, tRead in the result data item # i

PRINT *, _that you want anaLy_ed_
PRINT *t t i

PRINT _t I1 = fLapg|se djsptaoement,
PRINT we 12 = fLap_Jse slope t

PRINT *, t3 = ftapwJse segmnt veLoolty t
PRINT *, t4 = blade tension I

PRINT *e _5 = blade edgewise shearI
PRINT *_ t6 = blade fLalO_|se shear_

PRINT *t t7 = btade fLal_|se n_xnentt
PRINT _, 18 =biade edgewtse _nt,
PRINT *r t9 = blade torsional momentt
PRINT *_ _
READ*, NITEH

PRINT *_ tread In the h_ghe_t order harmon_ desired t
READ*, NHARH

CALLSERIES( HITEN_ NHARN_ACOF,BCOF_NSTN_
& IPSI_ IPRNT1)

gRITE(&_5200) LABEL6(HITEM),LABEL4,LABEL5
WRITE(4_5_O0)

DO550 H = O,NHARM

gR1TE(4_5400) H_ (ACOF(H,J),J=I,NPTS,2)
WRITE(_,5500) H_ (BCOF(H_J),J=I_NPTS,2)
k'RITE(4,5600)

550 CONTINUE

GOTO 500

ELSEXF(ANS1.NN. _yt .AND. ANS1 .HE. ,yt) THEN
GO TO 600

ENDIF
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C Whenat_ the results tables have I_en printed, print out the
c average rotor torque and power for this rotor revolution, This

C codes gtves equal wetght to each azimuth po_ttton regardless
c of the azimuth spacing, Thus the power and torque values are
C only aaourate when PRIHT1 and PRINT2 are the same,

600' _,/RITE(4t5000) LABEL4s LABEL5
WRITE(4_5100) TRQSUHs POKERt NTORQS

IF( NELADS,EQ. 2) THEN

CALf,SIIAFT2(]P$[s IPRNTIa NSTN)
ELSE

CALLSHAFT3(IPSI_ ]PRNTIt NSTN)
ENDIF

END|F

C Increment the numberof calls to thts routine before

C returning,

NCALLS= WCALLS+ 1

RETURN

END

SUBROUTINEMULT( /LqATRX, H s N )

C * *

C * S_broutine HULTpremulttpltes an incoming matrix by the *
C * {nverse CMMASSmatrix. The tnverse ClaSS matrix is a *

C * square symmetric matrix of order 4. The tnoomtng ma- *
C * trtx can be of any sfze but must have exactly 4 rows. *
C * *

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

C * *

C * External references in this routine| *
C * *

C * none *

C * *

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

C * *

C * NamedCOMI40Nblook_ used in this routine| *
c * *

C * INr - Holds the inverse of the mass matrix, *
C * *

C * *

C * Local and dummyvariables used in thts routine: *
C * *

C * AHATRX- The trmom_ngmatrtx to be premuttiptted by *
c * the Inver_e CMMASSmatrix. *
C * l - Genericindex, *
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C * J * Oonerto index, * '
¢ * K * Qenerto Index, *

c * fl - Numberof rows In the tna_tng mtrlx, *
C * tl . Numberof oolumns in the 4noom_ngmatrix, *

c * TEMP . Tumporarywork matrix, *

¢ *************************************************************

REAL AHATRX(4s4)
REAl, TEMP (4,4)

INTEGER 1
JNTEQBR J

INTEGER K
INTEGER M
INTEGER H

INCLUDE |C=INCLUDE\INV,INC_

C HutttpLy AINVRSby AHATRXputt|nN the result into TEHP,

DO30 l=l,H

DO20 J=ltN

TEHP(I,J)= 0,0

DO 10 K=I,M

10 TEMP(I,J) = TENP(I,J) + AINVR$(I,K) * AMATRX(K,J)

20 CONTINUE

30 CONTINUE

C Hove the resutttng temporary matrix into the original
C Inoom|ngmatrix.

DO 50 ]=I_H

DO 40 J=I,N

40 AMATRX(I,J) = TEMP([,J)

50 CONTINUE

RETURN
END

SUBROUTINENXTPH! ( TIMNOW)

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

C * *

C * Subroutine NXTPttI computes the next values of the yaw *

C * variables, If this is a trim run, then theyaw varta- *
C * bLes do not ohange, If this ts a yawtng run, tilen the *

C * yaw variables are oog_)utedbased on the next value of *
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0 * the tl_ wrlmbLs, *

o * lhr l_slo y_w functionusedharo _Js *
0 * *

C * Ph# = Phi*sub.O + 91H( O_ga.s_.ph4wTh_ ), *
C * *

C * The two det,Jvatlves w_th teepee%to tlms Phl.dotar_:i*

C * Phi-double.dot tire dertved in n stretghtforwerd manner *

C * via differentiation w_t#l reap, at to time. *

¢ * ?he tndioe_ of the PHI array oorrespond to the order of *
C * _he der4v_tlve of Phi with respect to time. *

O * HxternaL refer,noes tn this routtne_ *

C * Bone *
C * *
C *************************************************************

c ***************************--************************

C * * '

C * NamedCOMMONblocks used tn thts routtnel *
c * *

c * POSITN. tlolds parameters related to blade position *
C * suchas Pill, PSi, eto, *

C * TURBN , tloLds turbine parameters such us numburof *

C * bLades_ rotor speed+ etc, *
C * *

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

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

c * *

C * Local and dummyvar|abies used in thin routtnel *
C * *

C '+ OMPtIIT- Phase angle of %hesinuso{dal yaw function, *
C * lt correspond9 to the O_ga-sub-Pht*T term *
C * of the formulation notes.The Omega-stab-Phi *

C * component ts the yaw velocity amplitude *
C * dtvttk_d by the yaw angle amplitude. *
C * SOt_PHT- S]ne of Omega-sub-Phi*T, *

C * TIHNOW - currenttime. TIHN_I is Identloallyzero *

C * for the trim solution computation. *
C * *

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

REAL O$tPIIIT
REAL SOHPHT

REAL TIMNO_

INCLUOE _C: l NOLUDE\PO$!TN. tNC

!NCLUDE _O: !NeLUDE\'rURBN,!Nc

c Check to sae tf this ts time zero,
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IF ( TIMNOW.EO. 0.0 ) THEN

C Set the yaw funotlonand its derivatives_or TIME.O,

Pill(O) _ PH|O

Pttl(1) = P}II(:W4Q
PtH(2) = 0,0

_LSE

C _ocpute the yaw funotton a_ its derivatives for ti_s
C greater'chantime zero.

OHPHIT= TIMI_(:_,/*PHt_OfPtiX_P

SOHPtIT= SIN( OMPHIT)
PHILO) =PHIO + PFII_P*S_PFIT

Pill(l) = PtllOfl_COS( O¢4PHIT)
Pill(2) = -PHIONO_'PtlIO$4G*SOMP}IT/PHh_J4P

ENDI F

RETURN

END

SUBROUTINENXTPSI ( IPBIST )

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

C w *

C * Subroutine NXTPBI oomputes the next value of the azt- *

C * muth angle, Pate based on the ourrent value of the Eu- *
C * (ep error arwdthe previous deLta-Psi value. If the er- *
C * tor |s tuo Larger a smaLLerdeLta.Pet w_LLbe used to *
C _ Oo_pUt,]the value of Pstr LlnL,es the deLta-Psi Js eL- *

C * ready _=t the STBP_ Lower Limit. Likewise, ]f the au- '*
c * lep error Is below e oertain Lhn|t, the deLta-Psi value *
c * is inor,coed for the next Psi oompJtetion. *
c * *

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

C * *

C * External referenoes in this routine= *
C * *

C * nora *
C * *

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

C * *

C * N=w_edCO$_ONbLooks used in th|s rout|ne| *
C * *

C * CONST - Turbine and other oonstante used tn Load *
c * oal_ulatJons, *
¢ * LIMITC - HoL_ values used tn the L.IMITS routine. *

C * POSITN - tloLds parameters reLated to blade position *
c * sL_Jhas P|II_ PSl_ et_. *
C * TURBN - HoLdsturbine parameters sLch as numberof *
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C * 'bLades, rotor speed, etc. *
C * *

C * *

C * Local and dumpy variables used in this routine: *

C * *

C * IPSZST - The next STEPNX station in integer det_rees. *

C * NEW - Array irclex for new data. *

C * OLD - Array index for old data. *

C * PSIST - The next STEPHX station in radians. *

C w *

REAL PSI ST

INTEGER ]PSI ST

INTEGER NEW

INTEGER OLD

INCLUDE eC=I NCLUDE\CONST2.ING'

INCLUDE lC: INCLL_E\LINITC. INC'

INCLUDE _C: INCLUDE\POSI TN. INC'

INCLUDE _C: I NCLUOE\TURBN.INCt

SAVE NEW

SAVE OLD

DATA NEl,/ / 1 /

DATA OLD / 0 /

C Check the error. If it is too Large, decreafm ck_Lta-Psi by

C 50_. Bf it is very s_aLL, increase delta-Psi by 50g. The

C value of delta-Psi must aLMays be greater than SrEPHN.

IF ( ERROR .GT. EUERR ) THEN

DELPS[(NEW) = _1(0.5_'DELPSI(NE_) , STEP_N )

ELSE IF ( ERROR .LT. O.I*EUERR ) THEN

DELPSI (NEM) = 1.SWDELPSI(NEt4)

END I F

C This section of code checks the position of the neu Psi against

C the next STEPNX station. If the next Psi _ill go past the

c STEPNX station, the detta,.Psi is adjusted to brir_j the next Psi

C directly onto the STEPIC( point. If the nmtt Psi uiLt fall just

C short of a STEP_ station, the delta-Psi it; =_justed to assure

C that it _iLt not be necessary to use a det'ta-IPsi saatier tkan

C STEPI_N to reach the next STEPIqX station o_ the next iteration.

=

i
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C PrOgrammer note:

C The following logic can produce a delta-Psi that is less :

C than STEPMN for tWo steps, lt would then move back within

C tolerances. This case comes up when we are within slightly

c less than two STEPHNs of the next STEPMX station. This

C algorithm cannot produce a delta-Psi that is less than

C $TEPNN/2. MLB

PSIST = IPSIST/RAD29G

IF (PSI(OLD)+DELPSI(NEW) .GT. PSIST ) THEN

DELPSI(NEW) = PSIST - PSI(OLD)

ELSE IF ( PS](OLD)+DELPSI(NEW)+STEPMN .GT. PSIST ) THEN

IF ((DELPSI(NEW) .NE. STEPMN) .OR. (ERROR .LE. EUERR) ) THEN

DELPSI(NEW) = 0.5*( PSIST - PSI(OLD) )

END IF

END IF

C Set new Psi and delta-Tim.

PSI(NEW) = PSI(OLD) + DELPSICNEW)

DELTAT(NEW) = DELPSI(NEW)/ONEGA

C Get time values if we're working on a yawing solution.

IF ( ITRIM .EQ. 0 ) TIMECNEW) = TIMECOLD) + DELTAT(NEW)

RETURN

END

SUBROUTINE RUN ( NPTS , NEWSET, HAVRUN )

C w *

C * Subroutine RUN perfoms the modeling of the rotor blade *

C * motion. The coefficients and data read in by subrou- *

C * line DATAIN are used alor_j 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 solution and 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 displacement functions no *

C * longer change significantly from one revolution to the *

C * next. This is the trim solution. Once the trim solu- *

C * tion is achieved, the trim solution is coaqoleted, with *

C * the yaw angle, yaw angular velocity and acceleration *
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C * since the start of the yaw solution. After each rotor *

C * disk revolution of the yaw solution, the loads are cal- *

C * culated and printed out. *

C * *

C _llr_WW*llr_It-_lMt-_*_*CMIrt_**_WWW_"kllr_*W*i_lkWWWW*_WW*ztrW*WW*_WWWWWWW**

C * *

C * External references in thfs routine: *

C * CONVRT - Performs units conversions. *

C * DSKREV - Performs a full disk revolution solution to *

C * the blade equations of motion. *

C * GETFIL - Get the name of the results f_le and open *

C * it. *

C * LIMITS - Interactive input of run Limits. *

C * LOOL_JT- Calculates and prints blade Loads. *

C * SETUP - Interactive modification of free variables, *

C * SHAPES - Calculates the four coordinate shape func- *

C * Lions. *

C * SOLVE - Calculates the inverse Ct_U_SS matrix for *

C w prenaJltipling other coefficient matrices. *

C * TRMTST - Compares the results of two consecutive ro- *

C * tor revolutions. *

C * *

C etVt llr_ wwwllPJr_ _ _rW*_dr_WWlk_tllr_qrWW_rl_rWW__rW_rWWz_W*

C * *

C * Named COMMONblocks used in this routine: *

c * *

C * CONST - Turbine ar_ other constants used in load *

C * calculations. *

C * LIM[TC - Holds values used in the LIMITS routine. *

C * POSITN - Holds parameters related to blade position *

C * such as PHI, PSI_ etc. *

C * SARAYS * floL'_ ww and old values _or the general- *

C * ized c_ordinates. *

C * TURBN - Holds turbine parameters such as number of *

C * blades, rotor speed, etc. *

C * *

C _&_'llf_llr_l_'Wle_t'_r_lr*_____k'*

C * *

C * Local and dummy variables used in this routine: *

C * *

C * ANS - Used to store input responses from key- *

C * board. *

C * HAVRUN - Flag that _ndicates that the model has been *

C * run. Used for diagnostic runs. *

C * I - Generic index. *

C * ITCNT - The co_t of the number of disk revolutions *

C * required to achieve a trim solution. *
C * J - Generic index. *

C * NGALLS - Number of calls to LOOOUT. *

C * NEWSET - FL_g to control calls to SOLVE. *

C * NPTS - Number of points along the blade used to *

C * perform Simpson_s integration for calculat- *
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C * root. (passed from FLAP1) *

C * NSHP - Counter on DO loops for the coordinate *

c * shape function. *

C * RESFIL - Name of file to which results are wrttten. *

C * TOOEGS- FLag used to tell CONVRT to convert Sfreel *

C * variables to degrees. *

C * TOAADS - Flag used to tell CONVRT to convert 1free' *

C * variables to radians. *

c * *

INTEGER ]

INTEGER ITCNT

INTEGER J

! NTEGER NCALLS

INTEGER NPTS

INTEGER NSHP

LOGICAL HAVRUN

LOGICAL NEWSET

LOGICAL TODEGS

LOGI CAL TORAPS

CHARACTER*I AtlS

CHARACTER*50 REGFI L

]NCLUDE i C: I NCLUOE\CONST2.I NC'

INCLUDE 'C: I NCLUDE\L%NITC. ING'

INCLUDE ' C: I NCLLIOE\POSI TN. I NC'

INCLUDE ' C: I NCLUDE\SARAYS. I NC'

INCLUDE ' C: I NCLUDE\TURC;N.I NI:,

SAVE RESFI L

SAVE TOOEGS

SAVE TORADS

DATA RESFIL / 'RESULTS.DAT _ /

DATA TOOEGS / .TRUE. /

DATA TORADS / .FALSE. /

2000 FORlCAT( A )

4000 FORMAT( / ' The trim conditioQ1 is not satisfied after' , I3.2

& , i rotor _,

& / ' revolutions. Shaft we continue? (=Y,N) > ' )

4100 FORMAT( '& The trim condition was no$ satisfied.' )

4200 FOAl<AT( / ' Trim test #' , I2.2 , ' completed.' )

4500 FOAHAT ( '& The trim condition was satisfied., )

6000 FOAMAT ( / ' Do you want to do another run with this data? (Y,=N) _

& ,'>')

C Compute the values of the four coordinate shape functions for

C for each of the NPTS blade statioc_s along the blade.

CALL SHAPES ( NPTS )

-
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C The main run loop begins here. The interactive programse-
C quence starts.

100 CONTINUE

C

C Clear NCALLSwhich represents the nLilt_er of calls to LODOUT.
C It {s used to control printing of the title page. It is
C incren_nted in LOOOUTJust before returning.

NCALLS= 0

C Set up a run by first calling the SETUPand LIMITS routines.
C Temporarily convert the units of the _free e variables to de-
C grees and RPMfor interactive use.

CALLCONVRT( TOOEGS)
CALLSETUP
CALLLIMITS

CALLCONVRT( TORADS)

C Before starting the model rune 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. O ) .AND. ( PHIAMP .EQo O.O ) ) THEN

PRINT *, ' I

PRINT *, 'Error in input data. PHIANPcannot be zero'
PRINT *, 'for a yaw solution. PLease review the retup'
PRINT *, 'and Limits vat_s.'

GOTO 600

END IF

C On the first pass throLxjh the RUN routine, invert the mass
C coefficient matrix and premJltiply all the coefficient ma-
C trices by the result. The is dane just once per data set.

IF ( NEWSET) THEN

CALLSOLVE

NEI_ET = .FALSE,

ENDIF

200 PRINT • t ,

PRINT *, rAre you ready to run the ntodel? (=Y,N) •
RE/U)2000, ANS

IF ( ( ANS .EQ. IN' ) .OR. ( ANS ,,EQ. _ne ) ) RETURN

IF ( ( ANS .NE. iyi ) .AND. ( ANS .NE. ey, )

_
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& .AND. ( ANS .NE. I I ) ) THEN

PRINT *, t >>> %nvattd response. PLease try again. <<<_

GO TO ZOO

'l ,//
p (

END IF /i

/, ,,

C Open the file that is to contain the results.

CALL GETF%L ( RESF%L )

C Zero the blade deflection, velocity and acceleration for 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,%,J) = 0.0

SOLD(NSHP,J) = 0.0

300 CONTINUE

310 CONTINUE

320 CONTINUE

C Start the trim run. When the ITRIM flag is set to 2, the first

C pass through DSKREV wilt also execute the STRTUP startup rou-

C tire. STRTUP c=_utes the static deflection of the blade at

C the 270 degree azimuth position, under the given wind condi-

C Lions. This static deflection is used to start the actual mo-

C del run, and helps to assure rapid convergence to the trim so-

C tution by removing many of the startup transients associated

C with beginning execution without a realistic initial blade tip

C deflection.

ITRIM = 2

PSI(l) = 270/RAD21)G

DELPS[(1) = STEPMN

ERROR = 0.0

CALL DSKREV ( NPTS )

ITRIM = 1 (

C Iterate for the trim solution. Keep count of the rotor re-

C volutions and give the user a chance to bait out every ten

C revolutions.

ITCNT = 0

400 IF ( ITRIH oEQo I ) THEN

IF'( ITCNT .NE. 0 ) THEN

IF ( MOO( ITCNT , 10 ) .EQ. 0 THEN

.
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PRINT 40000 ITCNT

READ 2000_ ANS

IF ( (ANS .EO. SNI ) .OR. (ANS .EQ, SnI ) ) THEN

PRINT *, i a

PRINT *, _F'LAP terminated by user. I

PRINT *, t e

STOP

END I F

ELSE

PRINT 4100

END IF

END I F

C Initialize the azimuth angle and run armther revotuti_t_.

C Test the Last set of solutions against this set for sylabiL-

c ity, When TRHTST is satisfied, %TRIH will be set to ;ero

C the Loop will be terminated.

PSI(l) = 0.0

CALL DSKREV ( NPTS ) i Ii/

I TCNT = I TCNT + 1 '/

[

CALL TRHTST ( ITRIM ) I
i

i i
PRINT 4200s ITCNT

GO TO 400

END IF

C Trim solution completed.
'i

PRINT 4300
i i

C Calculate results of the trim solution.

CALL LODOUT ( NCALLS )

C Initialize the yaw run loop by starting time at zero. Rult=_/yaw

C solution NYAW times. Calculate the toads and print out ti_l,l:
C resut_ _ after each disk revolution.

IF ( NYAW .GT. 0 ) THEN

TIHEC1) = 0.0
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DO 500 I=IsNYAW

PSI(1) = 0.0

CALL DSKREV ( NPTS )

CALL LOOOUT ( N_LLS )

500 CONTINUE

END IF

C Run complete.

600 PRINT 6000

READ 20001 ANS

IF ( ( ANS .EQ. _yi ) ,OR. ( ANS .EQ. _yl ) ) THEN

PRINT *e ' '

PRINT *, _You must not change the number of shapes, NSHAPsIII'

PRINT *, I l

GO TO 100

ELSE IF ( ( ANS .NE. SNr ) .AND. ( ANS .NE. Inl )

& .AND. ( ANS .NE. _ _ ) ) THEN

PRINT _, ' >>> Invalid response. Please try again. <<<_

GO TO 600

END IF

C Set the HAVRUNflag to true to enable diagnostic rLms.

HAVRUN= .TRUE.

RETURN

END

SUBROUTINE SAVE1 ( IPSIST , NSHAPS , STEMP )

C **..t_ "_r***t *_'www-,k"w¢r_t-*w*_*'**'*'w*'z_t,_z'**'*'e* y_*** * _w*w-*_ _ _.

C * *

C * Subroutine SAVEI makes a permanent copy of the tip dis- *

C * placement variables at each STEPMX station around the *

C * rotor disk. These values are used by the Loads routine *

C * to calculate the blade Loads based upor_ the tip dis- *

C * placements. Only the values corresponding to the spec- *

C * ified number of shape functions are saved. *

C * *

C * *

C * External references in this routine: *

C * *

J
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C * none *

C * *

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

C ,Itr,*****ttlkllr/tw*_t*_r**ww****_W*_ **_r_w********_r_t***ik_*_***_** war**

C * *

C * Named COHHONblocks used in this routine: *

c * *

c * CONST - Turbine and other constants used in Load *

c * calculations. *

c * LIHITC - 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 * tzed coordinates. *

c * *

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

C , _, _, _tZ-,1_,, _ _lrltlkllr*_r*_ *_-* zt*_*-*llrlW_llrlktkVr**_tltt_*** ** ** *** _**WW **

C * *

C * Local and dumny variables used in this routine= *
c * *

c * IPSIST - The next STEPMX station in integer degrees. *

C * NEW - Array index for new data. *

C * NSHAPS - Number of blade shape functions, 4 maximum. *

C * NSHP - Counter on DO loo_ for the coordinate *

C * shape function. *

c * STEMP - Ten_orary array holding the tip displace- *

C * raent values. The third dimension repre- *

C * sents ¢he order of the time derivative. *

C * *

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

REAL STEHP (4,0:1,0=2)

INTEGER IPSIST

INTEGER NEW

INTEGER NSHAPS

INTEGER NSHP

INCLUDE 'C:INCLUDE\CQNBT2.INC _

INCLUDE IC:INCLUDE\LIMITC.INC_

INCLUDE IC:INCLUDE\POSITN.]NCt

INCLINE _CIINCLUDE\SARAYS.INC _

SAVE NEW

DATA NEW / 1 /

C Hove the values stored in STEMP into SNEW.

DO 30 NSHP=I_NSHAPS

SNEW(HSHP,O,IPSIST) = STEHP(NSHP,NEW,O)

--
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SNEW(NSHP_I,IPSIST) = STEHP(NBHPtNEW,1)

SNEW(NBHP,2elPSIST) = STEHP(NSHPtNEWs2)

10 CONTINUE

. C Set the STEPHX station pointers IPSIST, for the next STEPHX

C location on the rotor dtsk.

IPSI_T = IPSIST + STEPHXWRAD2DG+ 0.001

RETURN

END

SUBROUTINESETUP

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

C * *

C * Subroutine SETUP at[o_s the user to interact|very *

c * =hange the _free I variables of FLAP. The lfree_ vart- *

C * ables are those that do not affect the cocnputatton of *

c * the coefficient matrices or property arrays and _hioh *

c * are not specifically machine dependnnt. *

C * *

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

C * *

C * External referenoes in tll|s routine: *

c * *

C * none *

c *

c *****************--************************--****

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

c * w

c * Named COHHONblocks used _n 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 toad *

c * calculations. *

C * LITERL - Holds data set titles. *

C * TURBN - Holds turbine parameters stth as number of *

C * btadese rotor speed, etc. *

C * WIND - Holds _ltnd shear and toMer shado_ parame- *

c * ters. *

C * *

C * *

C * Local and dummy variables used in this routine: *

C * *

c * ANS - Used to store responses to questions. *

c * ICASE - Number of variable to be changed. *

C * *

C , ftWW.'W.W'WW*'*lCl_'*'t_t'W-WWtt*'W*lV**_ _ _ W'W*W*WWtlr'W'W'I_W*__ **_W*W
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lNTE(]i_R I I;ABB

CttARACTER*I ANS ' '

INCLUDE t Ct [NI;LUDE\BLADI_,INC_

i NCLUDE t I;! !NI;LUDI]\I;ONST2,1NC0

IN{:LUDB rf;=INI;LUDE\LI TERLoINC_

i NI;LUDE _I;=[NCLUDE\TRB!NF. !NI;t

INCLUDE . t C_l NCLUDE\TURBN,INC

INCLUDE _C=] NI;LUOE\_ I ND2.!NI;

1000 FORMAT( / t Current values for the elfree_l variables| S

& // t 1 AL_NTH= F10.4 , feet
& t 12 PHIAHP= F10.4 , degreesI
& / t 2 ALPItAO= F10.4 s degrees

. & i 13 PtIIOMG= F10.4 , degrees/seo,
& / i 3 BETAO = F10.4 , degrees
& i 14 PSISHD= F10,4 , degreesI

& / s 4 CHI = F10.4 , degrees
& 15 PSIZER= F10.4 , degreest

& / 5 GRAV = F10°4 , feet/se(:^2
& 16 RHOAIR= , F10.4 , SLugs/feet^3 I
& / 6 HUBflT = , F10.4 , feet
& 17 SHERXP= , F10.4

& / 7 KSHADW= , !10 _ 12X
& 18 THETAP= e Flb G s t degreesI
& / 8 NBL'ADS= t I'lO 0 12)(
& 19 THETAT= i F10.4 t t degreesl

& / 9 WISHAPS= I I ]10 t 12)(
& 20 TSUBO = I , F10.4
& / 10 OMEGA= I , F10.4 , t RPM t
& 21 TSUBP = ' j F10.4

& / 11 PHIO = ' f F10.4 , I degrees f
& 22 VttUB = s , F10.4 s I feet/second t

& / 23 T]HINC = I , F10.6 , e seconds I
& 24' 14UI4SCN= _ , 110)

2000 FORMAT( A )

C Print the values of the free variables.

100 PRINT 1000 ALEflTH, PHIAMP

& ALPHAOs PHIO_4G
& BETAO , PSISHD
& CHI _ PSiZER

& GRAV , RHOAIR

& HUBHT _ SHERXP

& KSHADW, THETAP
& MBLADS, THETAT
& NSHAPS+ TSUBO
& , C_4EGA+ TSUBP

& , PH[O + VHUB
& , TIMINC , NUHSCN
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c Attot_ user to ahangevalues of the _free S variables, D4gptay
C VaLUe8 of at( variables after eeoh ohange.

200 PRINT *t tgoutd you,_tke to (_hengeany values? CY,=I_) _ ,
READ 2000s AIqS

IF ( ( AN$ ,EQ, Iyi ) .OR, ( AN9 oEQ, lyl ) ) TliEN

210 PRINT *s SEnter the rlmC_r of the variable you _outd tikes
PRINT *, t to ohange (1-24) > s
READ *, ICASE

GO TO (300,302,305,310s315,320,325,330,335,340s345
& ,350,355,360_365,370,375,380,3B5,3901392,3P5
& _ 403, 404) ICASE

PRINT *s e >>> lnva[id response. PLease try again. <<<e
PRINT *s t t

GOTO 210

300 PRINT *, tenter new REALvalue for ALENTH> ,
READ *, ALENTH
60 TO 100

302 PRINT *, SEnter newREALvalue for ALPHAO>s
READ *, AI,PHAO
GO TO 100

t

305 PRI)IT *, 'enter newREALwt, ue for BETAO> t
READ *, BETAO
GOTO 100

310 PRINT *, SEnter new REALvalue for CHI > ,

READ *i CHI
60 TO 100

315 PRINT *, SEnter new REALvalue for GRAV> s
READ *, GRAV
GOTD 100

320 PRINT w, 'Enter new REAl.value for HUBIIT> t
READ * HUBHTI

GOTO 100

32_ PRINT *, SEnter nay INTEGERvalue for KSHADW> s
READ *, KSHADg
GOTO 100

330 PRZNT*, 'Enter new INTEGERvaLL_efor NBLADS•
READ * NBLADSe

GOTO 100

335 PRINT *, 'Enter ne_ iNTEGERvalue for NSHAPS• t
REAl) * NStt/_S,i

GOTO 100

340 PRINT *, 'Enter new REALvalue for OMEGA> ,
READ * ONE_I
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QO_o 100

345 PRINT *e w_nter new REALVa(ue for, PfllO > ,

READ *e PtllO
_0 TO 100

350 PRINT *_ sEnter new REALva(ue for P}HAHP>
REtAD*, PtlIAHP
_0 TO 100

3_]5 PRINT *e IEnter new REALVaLue for PflIOHQ>
READ * r PiI[O_IQ
GOTO 100

360 PRINT *e tenter newREALvaLu_ for PSISllb>
READ *_ PSISHO
GOTO 100

365 PR]NT *, IEnter n_ REALvalue fop PS]ZER>
READ *t P$IZER
GOTO 100

370 PRINT *_ JEnter new REALvalue for RHOAIR>
READ *_ RHOAIR
GOTO 100

375 PRINT *t _Enter new RFJ_Lvalue for SHERXP>
READ *, 8HERXP
GOTO 100

380 PRINT *j IEnter new REALvalue for THETAP>
READ *_ THETAP
GOTO 100

385 PRtNT *, tenter nek_REALvalue for THETAT> i
READ *_ TtlETAT
GOTO 100

390 PRINT *, tenter new REALvalue for TSUBO> i

READ *t TSUBO
GOTO 100

392 PRINT *t tenter net_REALvalue for TSUBP> '
READ *_ TSIJBP
Go TO 100

395 PRINT *_ 'Enter new REALvalue for VHUB> '
READ *s VIIUB
oo TO lO0

403 PRINT *, tenter neu REALvalue for TIHINC>t

READwe TIMINC
PRINT *l TIHINC
aO TO 100

404 PRINT *q 'Enter newREALvalue for NUHSCN>t
REAb*_ NUHSCN

PRINT *_ NUHSCN
go TO 100
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ELSE IF ( ( ANS ,NE, _Nt ) .AND, ( ANS ,NE, 'n_ )
& .AND, ( ANS ,HE, _ _ ) ) THEN

PRINT *# t >>> InvaLid re,porte, PLease try again, <<<_
PRINT *, I I

GOTO 200

ENDIF

C Computecommonlyused constants.

RR = DLTIP + HUBRAD

ABAR = ALENTFI/RR
RRC_tGA= RR*OHEOAWpI/30.O
Cl'tIP = COg(THETAP/RAD2DQ)

8THP = SIN( THETAP/R/_2DQ)

RETURN

END
SUBROUTINESHAPES( NPTS)

C , ,

C * Subroutine SHAPEScomputes the values of the four co- *
C * ordinate shape fun=Lions at each of the NPTS stations *
c * along the blade. This fs done for all four shape func- *
c * ttons regardless of the value specified in HSHAPS. *

C * Thts routtne ts rLn_ only when the program |, ftrs l: tn- *
C * tt|allzed and is nut run again for any subsequent iter- *
C * attons of the RUNroutine. *
C * *

C * These functions are Identical to those included tll the *

c * COEFFSroutfne of Module 1. *
C * w

C W*'W'W_,_**'Wi'-k* _r*W'W*'k"WW'_k***_*W * *WW* * * W'W*W*WW*W'W'k'_*'W**W WlW_

C * *

C * EXternal references in this routine: *
C * *

c * none *

C * *

C *****w** _www, w* Wl_*w*e"w**wWWwwwwWW'Ww'wtrrW*WWW'wW'ertvW_**_*_**Ww_w

C ,W*'W'k'_tr_ ** *_W* _**'WW'/r_WWWW* WWWW'A'WW_CrW* W*_W_ WWCrW_'/r*W * * * _ W*W_

C * *

C * NamedCOHRONbto_ks used tn thts routtne: *
C * *

C * BLADE "ttotds blade property values such as stiff- *
c * r_esoand mass distributions. *
C _ *

C w_',k,, wWW_'_"_'WW'WWW"kWW*e'k'_W'_k'_WWW'k'W'W'W'k'WW'_WW'W_ _ **_ _ _*WW*

C ,W_k, WWWWW_WWWw_CrW_WW_WWW__rWWWW*W W'kWW*_rWWWWWW_r W*'W_ _ WW*_W W

C * *

C * Local end dummyvariables used in this routtne= *
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C * *

C * I - Generic index, r

C r L - BLade Length, BLTIP. *

C * LSQRD - Square of blade length. *

C * NPTS - Number of points along the blade used to *

C * perform Simpson's integration for calculat- r

C * ing the moments and forces at the blade *

C r root. *

C * STEP - D(stance between points along the blade. *

C * X - Lo:ation along the blade. *

C * X2 - X^_. *

C r X3 - X^3. *

C * X4 . X^4. r

C * r

C , r t¢_, r,._ w.ww-_,._k.w.wwww.rw,w,,.r.rr ,_k.r_**.t r-ww.l_,rl_._,tk_** r_ ,_ _ _r

REAL L

REAL LSQRD

REAL STEP

REAL X

.REAL X2

REAL )(3

REAL X4

REAL POLY(4,21)

REAL POLYDT(4,21)

REAL POLYDD(4,21)

INTEGER I

INTEGER NPTS

INCLUDE oC:INCLUDE\BLADE2.]NCI

INCLUDE _C:INCLUDE\SHAPE.INC _

INCLUDE 'C:INCLUDE\MOOAL.INC'

C Initialize some constants.

STEP = 1.0/( NPTS - 1 )

L = BLTIP

LSQRD = BLTIP**2

X = -STEP

DO 20 I = 1, NPTS

X = X + STEP

X2 = X *X

X3 = XL'X

X4 = X3*X

POLY(I,1) = X2*(( X - 4.0 )*X + 6.0)/3

POLY(2,1) = X3*(( 3rx - 10.0 )rx + 10.0)/3

POLY(3,1) = X4*(( 2rx - 6.0 )rx + 5.0)

POLY(4,I) = X*X4*(( IO*X - 28.0 )rx + 21.0)I3

POLYDT(1,I) = 4*X *(( X - 3.0 )*X + 3.0)/( 3*L )

POLYDT(2, I) = 5"X2"(( 3*X - 8.0 )*X + 6.0)/( 3*L )

POLYDT(3,I) = 2_X3"(( 6rx - 15.0 )*X + lO.O)/L

POLYDT(4,I) = 7"X4*(( 10"X - 24.0 )rx + 15.0)/( 3*L )
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POLYDD(I,]) = 4 *(( X " 2.0 )*X + 1.0)/LSQRD

POLYDD(2,1) = 20*X *(( 3*X " 6.0 )*X + 3.0)/( 3*LSQRD )

POLYDDC3,]) = 60"X2"(( X " 2.0 )*X + 1.0)/LSQRD

POLYDD(&,I) = 140")(3"(( X " 2.0 )*X + 1.0)/LSQRD

20 CONTINUE

DO 670 I = 1,4

DO 660 J = 1,NPTS

SHAPE(I,O,J) = O.

SHAPE(I,1,J) = O.

SHAPE(I,2,J) = O.

660 CONTINUE

670 CONTINUE

DO 700 I = 1,NPTS

DO 690 J = 1,4

DO 680 K = 1,4

SHAPE(J,O,I) = SHAPE(J,O,I) + LAHDA(K,J)*POLY(K,I)

SHAPE(J,I,I) = SHAPE(J,I,I) + LANDA(K,J)*POLYDT(K,I)

SHAPE(J,2,1) = SHAPE(J,2, I) + LAIOA(K,J)*POLYDD(K,I)

680 CONTINUE

690 CONTINUE

700 CONTINUE

DO 703 I = 1,4

TIPDFL = I.

DO 701K = I,NPTS

SHAPE(I,O,K) = SHAPE(I,O,K)/T]PDFL

SHAPE(I,I,K) = SHAPE(I,I,K)/TIPDFL

SHAPE(I,Z,K) = SHAPE(I,Z,K)/TIPDFL

701 CONTINUE

703 CONTINUE

RETURN

END

FUNCTION $1MPSN ( LOWLIM , UPLIM , NPTS , FOFX )

C * *

C * Function SIMPSN performs a composite Simpson's integra- *

C * tion of a given data set. This routine is identicat to *

C * the $1MPSN routine used by COEFFS in Module 1. *
C t ,

C * External references in this routine: *

C * *

C * none *

C * *

C * *

C * Named COMMONblocks used in this routine: *

C * *

C * none *
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C * *

C * *

C * Local and dummy 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 - Subinterval size. *

C * I - Generic index. *

C * LO_LIM - Lower limit of integration, *

C * NPTS - Number of points along the blade used to *

C * perform Simpson's integration for catculat- *

C * in9 the moments and forces at the blade *

C * root. *

C * SIMPSN - Value of the integral from LOWLIM to UPLIM. *

C * UPLIM - Upper Limit of integration. *

C * *

'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 = ( UPLIM - LOWLIM )/( NPTS - I )

SIMPSN = 0.0

C Add in the intermediate points. In the formulation, art 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-I,2

10 $1MPSN = SIMPSN + 4.0*FOFX(1) + 2.0*FOFX(I+_)

SIMPSN = SIMPSN + FOFX(1) " FOFX(NPT$)

SIMPSN = H*SIMPSN/rJ.O

RETURN

END

SUBROUTINE SOLVE

C _r_1t_._1_*._*_r*__*_1_r_r_*w_1_r_r_4-_r1_1_*_r_r_r_

C * *

C * Subroutine SOLVE computes the inverse of coefficient *

C * matrix CMMASS and then premultiplies atr the other co- *

C * efficient matrices by the inverse CMMASS matrix. The *



C * result of multiplying the ,nverse CMMASSmatrix by the *

C * CMRASSmatrix is printed on the screen for diagnostic *

C * purposes, It should be very close to the Identity mat- *

C * rix. *

C * *

C * *

C * External references in this routine: *

C * *

C * INVERT - Provides an interface to the GAUSS routine. *

C * MULT - Pr_mJttiplies the incoming matrix by the *

C * inverse CMMAS$ matrix. *

C * *

C * *

C * Named COMMONblocks used in this routine: *

C * *

C * INV - Holds the inverse of the mass matrix. *

c * NATRX1 - Holds stiffness coefficient matrices. *

C * RATRX2 - Holds other matrices related to coriolis *

C * stiffening, gravity, etc. *

C * TURBN - Holds turbine parameters such as number of *

C * blades, rotor speed, etc. *

C * w

C * *

C * Local and dummy variables used in this routine: *

C * *

C * I - Generic index. *

C * J - Generic index. *

C * K - Generic index. *

C * TEMP - A temporary storage array used for matrix *

C * manipulation. *

c * *

REAL TEMP (/,,4)

INTEGER I

IfiTEGER J

INTEGER K

INCLUDE 'C:INCLUDE\INV. INC'

INCLLJDE 'C"IN_LUDE \RATRXI.iNC'

INCLIJOE 'C:INCLUDE\MATRX2. INC'

INCLUDE _C:INCLUDE\TURBN. INC

4000 FORMAT ( IX , 4F12.7 / )
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C Invert the CMMASS matrix.

CALL INVERT ( CMMASS , AINVRS , NSHAPS )

C PremuLtiply the other coefficient matrices by the inverse

C CMl<ASSmatrix.

CALL MULT ( CKBEND , NSHAPS , NSitAPS )

CALL MULT ( CKTOMG, NSHAPS , NSHAP$ )

CALL MULT ( CKTGRV , NSHAPS , NSHAPS )

CALL MULT ( CKQI.OD , NSHAPS , NSHAPS )

C The coefficient matrix CICTCRLmust be separated into individual

C 2-dimensional matrices for multiplication by the inverse CMMASS

C matrix. Then the individual matrices are recombined into the

C original 3-dimensional form.

DO 140 I=I,NSHAPS

DO 110 J=I,NSHAPS

DO 100 K=J, NSHAPS

TEMP(J,K) = CKTCRL(I,J,K)

TEMP(K,J) = CKTCRL(I,K,J)

IO0 CONTINUE

110 CONTINUE

CALL HULT ( TEMP , NSHAPS , NSHAPS )

DO 130 J=I,NSHAPS

DO 120 K=J,NSHAPS

CK_'CRL(I,J,K)= TEMP(J,K)

CKTCRL(I,K,J) = TEMP(K,J)

120 CONTI NUE

!30 CONTINUE

140 CONTINUE

C Load three of the 1-di_r_i_al 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

TEMPCJ,I) = CMRIGD(J)

TEMP(J,2) = CMBLNC(J)

TEMP(J,3) = CMGRAV(J)

200 CONTINUE
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CALL HULT ( TEMP , NSHAPS , 3 )

DO 210 J=I,NSHAPS

L'MRIGD(J)= TEMP(J,I)

CMBLNC(J) = TEMP(J,2)

CMGRAV(J) = TEHP(J,3)

210 CONTINUE

C Premultiply the CMMASSmatrix by its inverse and save for diag-

C nostic purposes. Print out the result.

CALL HULT ( CNNA$S , NSHAPS , NSHAPS )

PRINT *, , ,

PRINT *, 1Product of CHNASSpremultiplied by its inverse:'

PRINT *, , l

DO 400 I=I,NSHAPS

400 PRINT 4DO0_ (CNMASS(I,J) , J=I,NSHAPS )

C CMNASS is reptaced by its inverse for use in the RUN routine

C in computing the solution for the aerodynamic forces.

DO 500 I=I,NSHAPS

DO 510 J=I,NSHAPS

510 CMMASS(I,J) = AINVRS(I,J)

500 CONTINUE

RETURN

END

SUBROUTINE STRTUP ( STEMP , NPTS )

C ****;;_;;;;;**t-**_*****************************_,_****_******_

C * *

C * Subroutine STRTUP co_l¢_Jtes 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 initial de- *

C * fLection. The initiat static deftection is c_nputed *

C * based on the blade azimuth and the static (instantane- *

C * ous) aerodynamic loads on the blade. *

C * *

C * *

C * External references in this routine: *

C • *

C * AFORCE - CatcuLates the value of the aerody_ic *

C * force integraL. *

C * FORM1 - CaLcuLates the values of the blade dis- *

C * placement function. *
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C * INVERT - Provides an interface to the GAUSS routine. *

C * NXTPHI = Calculates the next values of the yaw vari- *

C * ables. *

C * *

C * *

C * Named COMMONblocks 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 * MATRX1 - Holds stiffness coefficient matrices. *

C * MATRX2 - Holds other matrices related to coriolis *

C * stiffening, gravity, etc. *

C * POSITN - Holds parameters related to blade position *

c * such as PHI, PSI, eco. *

C * SARAYS - Holds new and old values for the general- *

C * i Zed 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 * FSTAR - Complicated term. *

C * ! Generic index. *

C * IDENT - The identity matrix. *

C * K - Generic index. *

C * KINVRS - Inverse of KSTAR matrix. *

C * KSTAR - Col_pticatedterm. *

C * L - Generic index. *

C * M - Generic index. *

C * NPTS - Number of points along the blade used to *

C * perform Simpaonls _ntegration for calculat- *

C * ing the moments and forces at the blade *

C * root. (passed from FLAP1) *

C * OMGSQR- Omega^2. *

C * STEMP - Te_4oorary array holding the tip displace- *

c * ment values. The third dimension repre- *

C * sents the order of the time derivative. *

C * TIMNOW - Current time. *

C * *

REAL BLDANG

REAL FSTAR (4)

REAL IDENT (4,4)

REAL KINVRS (4,4)

REAL KSTAR (4,4)

REAL OMGSQR

REAL STEMB (4,0:1,0:2)
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REAL T1MNOW

INTEGER I

INTEGER K

INTEGER L

INTEGER H

INTEGER NPTS

INCLUDE 'C:INCLUDE\AIRFRC.INC'

INCLUDE 'C:INCLUDE\CONST2.1NC'

INCLUDE 'C:INCLUDE\MATRXI.INC'

INCLUDE 'C:INCLUDE\MATRX2.INC'

INCLUDE 'C:INCLUDE\POSITN.INC I

INCLUDE eC:XNCLUDE\$ARAYS,INC'

INCLUOE 'C:INCLUDE\START.INC'

INCLUDE 'C:INCLUDE\TURBN.INC'

C InitiaLize some arrays.

DO 120 M=I,NSHAPS

DO 100 I=0,2

STEMP(M,O,I) = 0.0

STEMP(M,I,X) = 0.0

100 CONTINUE

DO 110 K=I,NSHAPS

110 IDENT(M,K) = O.O

]DENTCM,M) = 1.0

120 CONTINUE

; Compute the FAEROvalues for use in calculating the FSTAR

: vatues. These are actually FAERO multiplied by the inverse

: CMMASS matrix.

TIMNOW = TIME(1)

CALL NXTPHI ( TIMNOW )

BLDANG= PSI(1)

CALL FORM1 ( STERP , NPTS , NSHAPS )

CALL AFORCE ( NPTS , BLDANG )
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BLDANG= PSI(l)

CALL FORM1( STEMP, NPTS , NSHAPS)
CALLAFORCE( NPTS , BI.DANG)

C Compute the FSTARvalues.

OMGSQR= OMEGA**2

DO 310 M=I,NSHAPS

FSTAR(M)= FAERO(M)- ONGSQRWBETAO*CTHPWCMRIGD(M)

& + OMGSQRWSTHP*CTHP*CNBLNC(M)
& - GRAV*( CHI*CTHP+ STHP)*CMGRAV(M)

310 ' CONTINUE

C Compute the KSTARVaLues.

DO410 M=I,NSHAPS

DO 400 K=I,NSHAPS

400 KSTAR(M,K)= CKBEND(M,K)

& + OMGSQ_*(CKTOMGCM,K)" STHPWSTHP*CKQLOO(M,K)
& " STHpWSTHpWIDENT(M,K))

410 CONTINUE

C Invert the KSTARmatrix.

CALL INVERT ( KSTAR , KINVRS , NSHAPS)

C ComputeS(K) = $(L) = ( KSTAR - INVERSE(L,M))*FSTAR(M).

DO 510 L=I,NSHAPS

SO(L) = 0.0

DO 500 M=I,_SHAPB
500 SO(L)= SO(L)+ KINVRS(L,M)*FSTAR(M)

510 CONTINUE

C Load the resultin9staticdeflectionvaLLms intothe appropriate
C tip dataarrayand set all othervalues to zero.

O0 610 K=I,NSHAPS"

DO600 I=0,I

STEMP(K,I,O)= SO(K)

STEMP(K,I,I)= 0.0

STEMP(K,I,2)= 0.0
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600 CONTINUE

610 CONTINUE

RETURN

END

SUBROUTINE TRACE ( $TEMP , NPTS )

**', .ke..*mlt_ e.l_,eel_.A._r,e.e_,, my,,,tr, ,._, ,e.,_rm_t_lr._.ilnlrm_.*"_** ** _ * * *_ *

* Subroutine TRACE prints out the values of certain vari- *

* ables at each printout interval around the disk. The *

* printout includes the current values of DELPSIt the *

* blade tip acceleration, veloc_ity and deflection, the *

* error value and the values of the relatiYe fluid veloc- *

* ity in the edgewise and flap, is, directions. This is *

* done for each STEPMX station and is part of the diag- *

* nostic features of the code. lt ts controlled by the *

* TRACEF flag set in the subroutine LIMXTS. *

* External references in this routine: *

* Named COMMONblocks used in this routine: *

* AIRFRC - Holds values used in aerodynamic calcula- *

* ti ons, *

* COklST - Turbine arid other constants used in load *

* calculations. *

* PO$1TN - Holds parameters related to blade position *

* such as PHI, PSI, etc. *

* TURIN - Holds turbine parameters such as I_mber of *

* blades, rotor speed, etc. *

* VREL1 - Holds blade section velocity components. *

* Local and dumw variables used in this routine: *

* JCALL$ - Print counter. *

* K - Generic Irclex. *

* NEW - Array index for new data. *

* NPTS Number of points along the blade used to *

* perform Simpson_s integra¢io_ for calculat- *

* ing the mm_nts and forces at the blade *

* root. (passed fr_ FLAP1) *
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C * STEMP - Temporary array holding the tip displace- *
C * ment values, The rh]td dimension repre- *
C * sents the order of the time derivative. *
C * X - Psi in degrees, *

C * XX - DeLtaPsJ fn degrees, * ,
C * *
C *********************--***************************

REAL STEMP (4,0:1,0=2)
REAL X
REAL XX

INTEGER JCALLS

INTEGER K
INTEGER NEW
|NTEGER NPT_

INCLUDE 'C:INCLUDE_AIRFRC.INCa

INCLUDE 'C:INCLUDE\CONST2.1NC'

INCLUDE 'C:INCLUDE\POSITN.INC'

INCLUDE 'C=INCLUDE\TURBN.[NC'

INCLUDE _C:INCLUDE\VRELI.INC_

SAVE JCALLS
SAVE NEW

DATA JCALLS / -1 /
DATA NEW / 1 /

1000 FORMAT(/ _ Psi d-Pst Accet VeLocity Deftect Error
& , _ FAero VEra-Tip VZeta-Tip' / )

1100 FORHAT(F5.0 , F6.2 , 2F10.3 , F8.3 , Fll.6 , F10.3 , 2F9.3 )

C Get Pst and deLta-Psi in degrees.

X = PSI(1)*RAD2DG
XX = DELPSI(1)*RAD2DG

C JCALLgis used to print column headtngs every ten Lines.

JCALLS= JCALLS+ 1

IF ( MOO(JCALLS, 10 ) .EQ. 0 ) WRITE[4,1000)

DO100 K=I,NSHAPS

100 WRITE(4,1100) X , XX , STEMP(K,NEW,2), STEMP(K_HE_,I)
& , $TEHP(K,NEW,O), ERROR, FAERO(K), VETA(NPTS)
& , VZETA(NPTS)

RETURN
END

SUBROUTINETRHTST( ITRIH )
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C * *

C * Subroutine TRMTST compares the results of two consetu- *

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 QUANT1 value. If any one ez- *

C * imuth Location fails the trim test criterion, control *

C * is returned to the calling routine and another disk *

c * revolution is perforlned, If all the STEPICX stations *

C * pass the test, then the trim solution exists and the *

c * lo_ds are o_ted. *

c * *

C * *

C * External references in this routine: *

C * *

C * none *

C * w

C * *

C * Named COW40Nblocks used in this routine: *

C * *

C * CONST - Turbine and other constants used in Load *

C * calculations. *

C * LIMiTC - Holds value_ used in the LIMITS routine. *

C * SARAYS - itolds new and old values for the general- *

C * i zed coordi hates. *

C * START - Holds initial blade deflection. *

C * TURBN - Holds turbine parameters such as number of *

C * blades, rotor speed e etc, *
C * *

C wvr*w-ww.wwlltww.**ww**w*www,ww,w'w'*w*.w_w'w_wl_k'*,*"*,t_t _*_ _w** *

C * *

C * Local and dunw variables used in this routine: *
c * *

C * I - Generic index. *

C * ISTPHX - STEPMX integerized. *

C * ITRIM - FLag _hat indicates that the trim solution *

c * has been completed when set to O, *

C * NSHP - CoUnter on DO Loops for the coordinate *

C * shape function. *

C * QUANT1 - This contains the sum of the differences *

C * bet_een the blade tip deflections c_ted *

C * for this rotor revolution and the Last rev- *

C * olution. This summation is also over the *

C * coordinate shapes used tn this rUn, *

C * OUAHT2 - This contains the sum of the blade tip de- *

C * flections computed by subroutine STRTUP for *

C * the static blade deflection of eacit coordi- *

C * nate fUnction used in this run. *

C * *
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REAL QUANT1

REAL QUANT2

q

;NTEGER I

INTEGER ISTPflX

INTEGER ]TRIH

%NTEGER NEHP

%NCLUOE 'C:INCLI._E\CONST2.]NC'

INCLUOE IC:]NCLLIDF\LIHZTC,]NCt

INCLUDE IC:INCLUDE\SARAYS,INC'

]NCLLJOE °C:INCLUDE\ST_RT,_NCt

|NCLUDE tC:ZNCLUDE\TURBN.%NC'

C Integerize the STEPHX inter-vat.

ISTPflX = RAD2DG*STEPNX+ 0.001

C Compute the sum of the tip deflections that were computed in

C subroutine STRTL,_,

OUANT2 = 0.0

DO 100 NSHP=I,NSHAPS

100 _JANT2 = OUAWT2+ S0(NSHP)

QUANT2 = ABS( 0UANT2 )

C Check each STEPRX station around the disk.

DO 210 %=]STPKX,_O,ZSTPMX

OUANT1 = 0.O

C Compute the sum of the di_fererces between tip deflections

C for this rotor revolution and the last.

DO 200 NSHP=I,NSItAPS

200 QUANT1= QUANT1 + SNEW(NSHP,Ot]) - SOLI)(NSHP,])

C Compare the trim error fraction to the current deflection

C differerm.es. If any stati=_ fails the test, return for

C another r_oluti_.

IF( ABS( CHJANTI ) .GT. ( O.01_NT2*TRHERR ) ) RETURN

210 CONTINUE

D-102

' , IrllllVl,'=l, _.... Iq! Pll _Iii,4fl P , ,r lip_ _, r I1d ' I_l' ' '



C ALL stations satisfied the trim error criterion, The trim solution

C is now complete. Set the [TRIM flag to zero to signet it. Loads

C can now be computedand the yaw run started.

]TRIM = 0

RETURN

END

FUNCTIONTRPZOD( LOgLIN s BLTIP , FOF, NPTS )

C * *

C * Function TRPZO0performs coal_oositetrapezoidal integra- *

C * tion on a set of data points transmitted from the *
c * calling routine. For derivation of the formula and *

C * Limitations, sse Carnahan, p. 78 (see full reference in *
c * commentsfor function SIHPSN). For computational effi- *
C * ci_cye the interval width is not used in the formula- *
C * ,ion until the end when it is multiplied by the sum. *
C * *

C * This function is similar to function TRAP in Module 1 *
C * of the FLAPcode. *
C * *

C * *
C * External references in this routine: *
C * *

C * none *
C * *

C * *

C * NamedCOHMONblocks used in this routine: *
C * *
C * none *
C * *

C * *

C * Local and dummyvariables used in this routine: *
C * *

C * BLTIP - Blade length. All _ntegrations using this *
C * function are performed from the Lower limit *

C * indexed by LOWLIMto the upper Limit BLTIP. *
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 - Subinterval length g_ven by H=(B-A)/_. *
C * I - Index into the FOFarray. *
C * LOWLIM- Index of the Lower integration limit. The *

C * blade position indexed by LOWLIM is given *
C * by BLTIP*(LO_LIM-1)/(NRTS- 1). *
C * NPTS - Number of points along the blade used to *

C * perform Simpson's integraIion for catculat- *
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C * ing the moments and forces at the blade *

C * root. (passed from FLAP1) *

c * TRPZOD .. VaLue of the tntegrat frm the blade post- *

C * Lion indexed by LO_/LIH to BLriP. *

C * *

C erctIv_t, Irllrl_vtertt-llrllrtlrt_tttlf__lbt t * * ¢rtt*¢rlkerie*_¢t *_ ¢_e_ _ _,_t

REAL BLTIP

REAL FOF (201)

REAL H

REAL TRPZO0

INTEGER I

iNTEGER LOWLIH

iNTEGER NPTS

C Check to sae ff the Lower and upper Limits of integration are

C the same. If so, the integral is zero.

IF ( LOWLIM .EQ. NPTS ) THEN

TRPZOD = 0.0

RETURN

END IF

C Compute the distance bet_een data points.

H = BLTIPI( NPTS * 1 )

C initialize integral to the contribution of the end points.

TRPZO0 = 0.5*(FOF(LC_/LIR) . FOF(NPT$) )

C If there are only tl_o data points, then we are done.

IF ( LO_LIH+I .EQ. NPTS ) GO TO 20

C Add in the contribution of the tnterlnedtate potnts.

DO 10 I=LO_ILIR+I,NPTS-1

10 TRPZO0 = TRPZO0 + FOF(I)

C Multiply by the interval width and return.

20 TRPZC¢)= H*TRPZOO

RETURN

END

SUBROUTIUEVREL ( LNBOt_D, NPTS , ELDA_IG )
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C * Subroutine VREL co_q_Jtesthe relative velocity con_- *
C * ne_ts for each of the blade stations. These values are *

C * needed to compute the aerodyr_(c forces, *
C * *

C , *', ,W'WW*'_*'*_'*'W t_k"W*'Wtrw* W'W**"lk"_ lk'WW'trW'*'WW_ 'W* '**'W_ Wt _ _

C * *

C * External references in this routine: *
C * *

C * iNDUCD- Calculates the irctuced velocities ator_g the *
C * blade. *

c * WINDVL- CL_lputeswind velocity oo_qoonents. *
c * *
c w-w..w_,.w**_w,.,w,ww.w,_,.w****.-e.ww..t ww..ww.www**._.w,ww_w_,,,_.

c ,ew,w,,,,_ww,,,.w,w_.,w**ww.wwww.w.**w,.,*'er*W*'W'*'er**'*W*'*_W'_ _** *_
C * *

C * NamedCOMMONblocks used in this routine: *
C * *

C * BLADE - t(otds blade property values such as stiff- *
C * hess and massdistributions. ' *

C * CONST -Turbtne 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 * POSITN- Holds parameters related to blade position *
C * such as PHI, PSi, etc. *
C * TURBH - Holds turbine parameters such as numberof

C * blades, rotor speed, etc. *
C * VINDUC- Holds irvducedvelocity conTx)nents. *
C * VREL1 - Holds blade section velocity components. *
C * k_4DVEL- Holds values used in wind shear and tower *

C * shadowco4q_tat ions. *
C * *

C * Local and dummyvariables used tri this routine: *
c * *

C * BLDANG- Blade azimuth position. *
C * CPS! - Cosine of the blade angle. *
C * I - Generic index. *
C * INBORD- The number of blade stations that are not *

3 * on the airfoil section. INBORDis used in _ '
: * other routines to differentiate between *
: * sections of the blade with and without an *
: * airfoil section. *

: * HPTS - Number of points along the blade used to *
: * perform Simpson's integration for caLcuLat- *
: _ ing the mocents and forces at the blade *
; * root. (passed from FLAP1) '*

: * PHIDBR" Temporary storage. *
: * PtlIDCT - Temporary/storage. *
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C * PH1DST - Temporary storage. *

C * QUANT1 - Tc_npor_ry storage. *

C * QUANT2 - Temporary storage. *

C * QUANT3 - Temporary storage. *

C * OUANT4 - Temporary storage. *

C * R Distance from hub axis. *

C * RONEGA - Temporary storage. *

C * SPSI - 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 location along the blade (_ndi- *

C * _ic_l). *

C * Z - BLade station pointer. Z goes from zero to *

C * t:he tip. *

C * *

REAL BLDANG

REAL CPSI

REAL PHI£)BR

REAL PHIDCT

REAL PHIDST

REAL QUANT1

REAL QUANT2

REAL QUANT3

REAL QUANT4

REAL R

REAL RONEGA

REAL SPSI

REAL SPSI2

REAL SPS15

REAL STEP

REAL X

REAL Z

INTEGER I

I NTEGER I NBORD

INTEGER NPTS

I NCLUOE ' C: I MCLUDE\BLADE2.I NCs

I NCLUDE ' C: INCLUDE\CONST2.INC'

INCLUDE ' C: %NCLUDE\DELTV. I NCi

1NCLUDE ' C" I MCLLFJE\FORRS.I NC'

INCLUDE i C: I NCLUDE\POS]TN. INC'

INCLUDE ' C: I NCLUDE\TURBN.INC'

INCLUDE ' C: I NCLUOE\VIMDUC.INCe

INCLUDE lC: I NCLUDE\VREL1. INC t

INCLUDE ' C: I NCLLIDE\_II)VEL. I NCt



C Compute the wind velocity components and then the induced

C velocity components.

CALL _INDVL ( NPTS , BLDANG )

CALL INDUCD ( INBORD A HPIS , BLDANG)

C Set up constants used in this computation.

CPS! = COS( BLDANG )

SPSI = SIN( BLDANG )

SPS!2 = -SPSI*STHP

SPSI3 = -SPSI*CTHP

PHIDBR = PHI(1)/ONEGA

PHIDST = PH[DBRWSTHPWSPS]

PHIDCT = PHIDBR*CTHP*SPSI

RONEGA= 'I.0/RROMGA

STEP = BLTIP/( NPTS " 1 )

Z = 0.0

C Compute the velocity components VEla and VZeta.

DO 100 ]=I,MPTS

R = HUBRAD+ Z

C Clear the velocity coeqoonents on the nonaerody_amtc portion

C of the blade.

IF ( I .LT. INBORD ) THEN

VETA(I) = 0.0 ,_

VZETA(1) = 0.0

ELSE

X = R/RR

VETA(1) = -X*CTHP

VZETA(1)= -X*STHP - W(1,1)*ROI_EGA

QUANTI = VINDR(I) + RO_EGA*(VIWINO(I) - HUBVEL )

& + RC)I,IEGA*I)ELTVY(!)- DVIND(1)

QUANT2 = DELTVX(I)*ROMEGA + PHI(O)_VINDR([)

QUANT3 = PHIDBR*( AB/LR+ BETAO*X )

QUANT4 = DELTVZ(1)*ROMEGA -,CHI*VINDR(1)

VETA(1) = VETA(1) - QUANTI*STHP

& + CPSI*( CTHP*( QUAINT2+ QUANT3 )

& + PHIDBR*W(O,I)/RR )

& + SPSI3WQUANT4 + X*PHIDST

VZETA(1) = V'ZETA(1) . QUANTI*CTHP

& + CPSI*( (QUANT2 + QUANTS)*STHP )

& + SPSI2_QUAHT4 + X*PHIDCT

C Convert the velocity components into dimensional form

C before returning to the calling routine. The VEla term

C is negated to accourlt for the sign convention that pos-
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C ttJve velocities are from the leading edge to the trail-

C ing edge.

VETA(1) = "VETA(1)*RROHGA

V'ZETA(1) = VZETA(i)*RROMGA

END IF

C Increment the Location along the blade and make another pass.

Z = Z + STEP

100 CONTINUE

RETURN

END

SUBR{XJTINEWINDVL ( NrTS , BLDANG )

C ** VrVrSP*.Jrdr***Vr*-*e, **-i_**** **-e* ,_t-,iIr_t**.* Vr_** *_r** ltrVrtlr*_kdrW_t*_*1_*'A'**'it'***

C * *

C * Subroutine WINDVL co_TxJtes the wind velocity components *

c * along the blade for a given time and azimuth position. *

c * Provision has been nmde to include a time dependent *

C * function for the hub velocity, but none is included *

C * now. Likewise, time dependent functions deltaX, defraY *

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 * *

C * External references in this routine: *

c * *

C * oor_e *

C * *

C * Named COMHONblocks 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 * catcutations. *

C * DELTV - Holds turbine inputs for possible future *

C * use. Not currently used. *

C * POSITN - Hotds parameters related to blade position *

C * such as PHI, PSI, etc. *

C * TURBN - Holds turbine paraAeters such as nuet)er of *

C * blades, rotor speed, etc. *

C * WIND - Holds wind shear arwdtower shadow paras- *

C * ters. *

C * WNDVEL - Holds values used in Wind shear and tower *

C * shadow c_mputations. *
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C * *

C * Local and dummy variabtes 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 Gew_eric index. *

C * J - Generic index. *

C * NPTS - Number of points along the blade used to *

C * perform Stmpsonls integration for catcutat- *

C " ing the moments and forces at the blade *

C * root, *

C * P - ColI$_icated term. *

C ' * R - Location of the current point along the *

C * blade. *

C * STEP - Distance between points along the btade, *

C * *

REAL BLDANG

REAL HH

REAL P

REAL R

REAL STEP

INTEGER I

INTEGER J

INTEGER NPTS

INCLUDE _C:INCLUDE\BLADE2.INC _

INCLUDE _C:INCLUDE\CONST2.1NC _

INCLUDE _C:JNCLUDE\DELTV.INC _

INCLUDE 'CIINCLUDE\POSITN,INC _

INCLUDE 'C:INCLUOE\TURBN.INC _

INCLUDE 'C:INCLUDE\WIND2.INC _

INCLUDE 'C:INCLUDE\WNDVEL.INC t

INCLUDE _C:INCLUDE\TRBINF,INC _

i

C Co_q_ute the wind velocity at the hub. A time depe_K_ent function

C n_y be added in the future.

HUBVEL = VHUB

C Conl)ute the wind shear co_F>onents.

R = HUBRAD

STEP = BLTIP/( NPTS - 1 )
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DO 110 [=I,NPTS

HH = R/HUBHT

WSHR(O,]) = 0.25*SHERXP*( SHERXP " 1.0 )*HH**2

WSHR(1,]) = SHERXP*HH

C WSHR(2,I) = O.

WSHR(2,1) = _SHR(O,I)

IgSHR(3,1) = 0.0

WSHR(4,1) = 0.0

WSHR(5,1) = 0.0

R = R + STEP

WSHF-AR(1) = MSHR(O,I)

DO 100 J=1,5

100 WSHE/LRCI) = WSHEARCI) + WSHRCJ,I)*COS( J*BLDANG )

110 CONTINUE

C Con_Jte tower shadow effects. When btade #1 is close to 360

C degrees azimuth, the second blade must know that it is tn the

C tower shadow.

1F ( ABS( BLDANG - PSISHD ) .LE. PSIZER ) THEN

P = KSHADI4*PI/PSIZER

TSHADW= TSUBO + TSUBP*COS( PW( BLDANG - PSISHD ) )

ELSE IF ( ABS( BLDANG - PSISHD - 2*Pl ) .LE. PSIZER ) THEN

P = KSHADW*PI/PSIZER

TSHADW = TSUBO + TSUBpwCOS(P*( BLDANG - PSISHD - 2*PI ) )

ELSE

TSIIADg = 0.0

END IF

DO 200 I=I,NPTS

200 VWIND(1) = HUBVEL*( 1.0 + WSHEAR(I) - TSHADW )

C * _r'_r*'A"m 'trl_ '*rl_"* *'**"Ct **"lk'_r_t *_'_'* * _ *gr *..** *..* ,t_ *--A.* W* *.A..**.* *,,, * WW*.,W _ _ _k, _

C * *

C * This place is reserved for future time dependent functions. *
C * *

C Input the time dependent windspeed fluctuations if

C working on a turloulent analysis: ITURB .EQ. 1

R = HUBRAJ)/(HUBRAD+BLTIP)

STEP = (1.-R)/CNPTS-1)
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C Flsg for deoldi_ if working on a turbulence analysis.

'IF( ITURB .EQ, 1 ) THEN

C Linearly it_terpotate along the blade span

C using the three vatues as interpolation points

C to get windspeed values along the entire 21

c set of blade points.

DO 600 I - 1,NPTS

IF(R ,I.E. 0._3"33333) THEN

DELTVY( I ) = (VYNOW1 (1)- VYNOWH)*3 ,*R+VYNOWH

ELSEIF(R .LE. O.666666&)THEN

DELTVY( I ) = (VYNOW1(2)- VYNO_I (1) )*3 .* (R-. 3333333)

& + W'NO_I(1)

ELSE

DELTVY( I ) = (VYNOW1(3)- VYNOW1(2))*3. *(R- .6666666)

& + VYNO_142)

ENDI F

R=R+STEP

600 CONT1NUE

ENDIF

RETURN

END

SUBROUTINE SERIES(M,N,A,B,NST,IPS, IPR)

REAL A(0:10,21)

REAL B(0:10,21)

REAL FACTOR

REAL FI

INTEGER IPS(360)

INTEGER H

INTEGER g

INTEGER NST

INTEGER IPR

INCLUDE _C:INCLUDE\RESLTS.INC e

FACTOR= FLOAT(lPR)/180.

DO 100 I = O,N

FI = FLOAT(1)

DO 80 J = 1,21

SUMA2 = O.

SUMB2 = O.

PO 75 IST = 2,NST-1

PSl = IPS(IST)* .017453293

SU_A2 = SUHA2 + COS(FI*PSI)*RESLTS(IST,J,M)

SLIMS2= SUHB2 + SIN(FI,PBI)*RESLTS(IST,J,M)

75 CONTINUE
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PSI1 = O.

PSIN = 360.0'.017453293

SUNA= 2.*SUMA2+ COSCFI*PSI1)*RESLTS(1,J,M) +
& COS(FI'PS I N)*RESLTS(NST,J,M)

SLR4B= 2.*SUNS2 + SIN(FI*PSI1)*RESLTS(1,J,M) +
& SIN(FI*PSI N)WRESLTS(NST,J,M)

IF( l ,EQ, 0) THEN

A(IsJ) = O,25*FACTOR*SUNA

B(leJ) = O.25*FACTOR*SUMB
ELSE

A(I,J) n 0.5*FACTOR*SUMA

B(I,J) = O.SWFACTORWSUNB
ENDZF

80 CONTI NUE

100CONTINUE

RETURN
END

SUBROUTINETRBCLC(NPTS )

C Subroutine for calculation of turbulenoe. Wewt l l assumethat

c turbulence is being modeled frm rotattonally sampled wind data
C as predtoted frownthe VEERSgind Simulation model,
c The file of data must contain 4 ootumns ( as evidenced in the
C read statement below.

C The first column is blade azimuth angle, the second column

c ts the wtndspeed for blade #1 at the 50_, rotor radius station,
C the third column is the wilxLspeed for blade #1 at the tip,

C and finally the fifth column is th_, wtndspeed at the
C center of the hub.

C Before this windspeed data is read in, the user is asked for the

C rtme of the file containing the turbulent windspeed data, is asked
C whether this data is in metric (meters/see) or english units
c (ft/s) end is asked for the nameof the file to contain the

C predicted turbulent Loads data. For the structure of this file,
C see the block of comrnentsnear the WRITEstatement toward the
C end of this subroutine.

C BE SURETO RUNTHE TRIM SOLUTIONCORRESPOND|HGWITFITRIS
C TURBULENCEANALYSISWITHA VALUEOF SHERXPEQUAL.TO ZERO
c IF THE VEERSGENERATEDI,/INDSPEEDDATAALREADYHASTHE

C EFFECTSOF WINDSHEAR, IF YOUDON_TTHENTHE PREDICTIONS

C WILL HAVETO MUCHCYCLICCONTENT,DUETo TgO TIMESTHE
C DES[REDWINDSHEARVALUES.

REALSTEMP (4, 0=1 , 0:2)
REALANGLE
REALAZIDAT

REALAZ[ lHC
REALAZIOLD
REALBLDANG

REALDELVY1(10)
REALPS[D[F

REALRESLT$(21,9)
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REALWT (10)

REALWHUB

REAL WSAVI (0=I,10)

REAL WSAVH (021)

%NTEOER%

INTEGERJ

1UTEGERHE_
]HTEOERNPTS
iNTEGERNSHP
INTEGEROLD

CHARACTER*50 k$1DFIL
CHARACTERv"SCLOOFIL

CHARACTER* 2 ANS

iNCLUDE *C:1NCLUDE\BLADE2.INC,
INCLUDE t c. I NCLUDE\LI Hl TC.!NCI

INCLUDE rC, liNCLUDE\POSI TN. I NOt
INCLUDE rC:I HCLUDE\SARAYS.I NCt
INCLUDE _C:_NCLUDE\TUREN,lHC q

INCLUDE tC: ]NCLUDE\TRBXNF,,INCt
| NCLUDE t C:INCLUDE\CONST2.! NCI
INCLUDE rC: INCLUDE\DELTV.INCt '
tNCLUDE tC:INCLUDE\WtND2.I NCr

SAVE _EU

SAVE OLD
SAVE STENP

DATA NEW 1 I /

DATA OLD / 0 1

PRINT*t i ,

PRINT * rTurbulence Analysis Run Set-UWt

PRINT *, I t

C Re_d in the nameof the file containing the VEERSgenerated

c uindspeed data.

PRINT *, tread in the name of the wind residual time series file r
READ* k'NDFILt

PRINT* WHDFILI

C See if the kflndspeeddata ts tn metric or engltsh units.

PRINT * _Is the ;,ltnd data tn metr|c untts (meters/sao)? _e

READ* I ANt
PRINT * /_lS

PRINT * t l#

C Give the nameof the file you _ant to _r'tte rotor' and blade
C teeter, loads, shaft-loads, etc. out to,

PRINT *, 'Read tn the nameof the ftte for toads output S
READ* LOOFIL

PRINT *_ LOOFIL

OPEN(15, FILE : k_NDFIL,STATUS= rUNKNOI_N_')
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OPEN(16+ FILE = LOOFIL, STATUS= IUNKNOWNJ)

NSCN= 1

AZIDAT= O.

C AZIDAT_s the aztff_Jth angle read fromdata,
C VY1CJ) ts the wtndspeed data

C for bladenumber I, and VYHUBIs the huboenterwlndspeed.

C currentlyMsTAT Is t4mltedto 2. We usuallyread in wlndspaed

C data at the 50_ and 100_ rotor radius Location, for the

C blade and then the hub=enter wtrw_speed.

C Set the shearexponentfrom the trimrun to

c zero,since the file generatedfromthe

C VEERSmodel already has the effects of wtndshear
C in it. Failure to do so will result in too much

c wtndshear, other parameters such as tower shadow
C _nputs are not set to zero unless the user
C reruns the trim solution w_th zero values

C for Tp, TO - the tower shadow parameters.

C Initialize values for SHEREXP,PSI(O),

C AZIOLD, ERRORIDELPSI(1),
C STENP,eta.

SHERXP= O,

PSI(O) = O.
AZIOLD= -0.0001
ERROR= O.

DELPSI(1) = STEPMN
AZIINC= TIMINC*OMEGA

c set the initial blade deflection, velocity,
c and acceleration values to what was calculated

c tn the trim solution at zero azimuth angle. This

c serves to start the solution process.

DO260 NSHP= 1, NSHAPS

DO250 I = O, 2
STEMP(NSHP,OLD,I) = SNEW(NSHP,I , 360)

250 CONTINUE

200 CONTINUE

C Set the left-harw_ erw:NootntwtncLspeedvalue
C needed in the linear interpolation process
C equal to VHUBsince we have not read in

C a windspeeddata linefrom the VEERS fileyet.

C The rlght-handendpolntvalue will be the
C new Lineof wlndspeeddata read in.

C The_e values are necessary in order to have

C endpotnts for tnterpoLattor,, since the blade
C azin_th Jn the numerical integration process
C will Lie between azin=Jth values read from

C the data (AZIDAT). getting this first Left-

C hand point to VHUBstarts the process. I=O
C stands for the left-hand endpotnt value,
C while I=I is the right-handendpoint.
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C VYSAVl is for blade 10

C arid VYSAVHts the hub-center. J ts equal
C to 1 or 2 deper_dtngon whether tris the 50_

C station or the blade tip,

DO300 J = 1,MSTAT
VYSAVI(O,J) = O.

300 CONTINUE

VYSAVH(O)= O.

1000 READ(15,*) P3,IDAT, (Wl(J)a J=I,MSTAT)I VYHUB

IF (( ANS .EQ. syf) ,OR. ( ANS .EQ. syl)) THEN
DO220 J = I_HSTAT

VYI(J) = 3,28*VYl(j)
220 CONTINUE

VYHUB = 3.28*VYHUB
ENDIF

C Convert AZIDAT to radians

AZIDAT= AZIDAT/PJ_D2/_G

C Be sure that the wtr_sne¢_:ldata producad by tho VEERSn_x_et
C contains the hubhetght or mean wtndspeed, If tt doesntt then
C the next 4 lines of cocteshould be comnentedout.

C The Ixlrpose of the next 4 ltr,_s of code is

C to subtract out the meanwindspeed from the data input.

DO230 J = 1,MSTAT
VYI(J) = VYI(J)-VHUB

?30 CONTINUE

VYHUB = VYHUB-VHUB

C We read tn one Line of windSl:_:_,cldata at a time.

C We interpolate the wtrK_sl:_,_cldata to get turbulent
C wtndspeeclfl_x:tuations when the blade aztmuth angle

C Lies between successive values in the tnput file.

C Set the right-hand endpotnt w_ndapeed in the

C interpolation process equal to the wtndspeeds
C just read in.

DO350 J = 1, MSTAT
VYSAVl(1,J) = VYI(J)

350, CONTINUE

VYSAVH(1)= VYHUB

C If we have passecl through 3(>0degrees
C then subtract out 360 degrees frown
c Psi. We are not able to deal with

c azinxJth angles greater than _#>0deg.
C Be sure to convert to radians.

IF( (AZIDAT - AZIOLD) .LT. 0.) THEN
PSI(O) = PSICO) - 360./RAD2DG

AZIOLD= AZIOLD - _O./RAD2DG
ENDIF
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.... diiiqJIInn,

C Find the next azimuth angle in the

C * code numerical solution process ( not

C the azimuth angle of the next Line

C of wind data. PSI(1) represents

C this ne_ azimuth angle (radians).

C PSIDIF represents the difference betvmen

C this new azimuth location and the Last

C azimuth angle read in from the data.

400 CALL NXTAZI (AZIDAT)

PSIDIF = PSI(l) - AZIOLD

C Interpolate in order to determine turbulent winosl>.,_,d

C data fop azimuth angles tying between the previously

C read in line of data and the ne_ Line of data.

C VYNOWI(J) is inter1_olated windsT>eed for blade I at

C this new azimuth angle. VYNOW2CJ) is the interpolated

C windspeed for blade 2. VYNOgH is the inter10otated

C hub center uindspeed for this aziasJth position.

C These windspeed values ave the ones that ultimately

C get passed into the WIMDVL subroutine.

C The wircispeedvalues for bla_e radial stations Lying

C bet_en the hub, 50_ radiat station and blade tip

C get formed in WINOVL by linear interpolation along

C the blade span. If the user =nts to read windspc,ed

C data at more than

C these stations then SUBROUTINE WINDVL wi It 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, NSTAT

DELV_I(J) = WSAV1C1,J) - VYSAV1CO,J)

VYNOUI(J) = (DELVY1CJ)/AZIINC)*PSIDIF + VYSAVI(O,J)
450 CONTINUE

DELV_FO- VYSAVH(1) - VYSAVH(O)

VYNOtJH= (DELVYO/AZIINC)*PSIDIF + V3'CAVH(O)

CALL EULER ( STENP, NSHAPS, NPTS)

IF(( ERROR .GT. EL/ERR) .AND. (DELPSI(1) .GT. STEI>MN))

& GO TO 400

DO 510 NSHP = 1_ NSHAPS

_0 500 I = 0,2

STEMP ( NSHP, OLD, I) = STEHP(NSHP, NEW, I)

500 CONTINUE

510 CONTINUE

DELPSI(O) : DELPSI(1)

DELTAT(O) = DELTAT(1)

PSI (0) = PSi(1)

IF(ABS(PSI(1)-AZIDAT) .GE. 0.1*STEPNN) THEN

GO TO 400

ELSE

ANGLE = AZIDATtRAD2DG
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512 IF( ANGLE .LT. 360) GO TO 515

ANGLE = ANGLE - 360.

GO TO 51Z

C Calculate blade loads and store

C Loads and response results in the

C array RESLTS

515 BLDANG= PSI(l)

CALL LCOCLC(BLDANG, STENP, RESLTS)

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, RESLTS(I,J) is the

C results matr{x for blade #1 at the isth station.

C J corresponds to the results item to printed out:

C J=l to 7.

C I corresponds to the number of the blade radial

C oration, from 1 to 21, with 1 at the root and

C 21 at the blade tip.
C

C J=l BLADE DEFI.ECTZOR (FT.)

C J=2 BLADE SLOPE (FT./FT.)

C J=3 BLADE FLAP+TEETER VELOCITY (FT/SEC)

C J-_ BLADE TENSION (LB.)

C J=5 BLADE EDGEWISE SHEAR FORCE (LB.)

C J=6 BLADE FLAPWISE SHEAR FORCE (LB.)

C J=7 BLADE F_]SE MOMENT(FT'LB)

C J=8 BLADE EDGEW|SEMOMENT(FT-LB)

C J--_ BLADE TORSIONALMOMENT(FT-LB)

C

C

C

C Here we are printing out azimuth,

C root flap-bending for blade 1 ,

C 65_ span flap-bending for blade 1,

C This statement Mill need to be

C changed by the user to write out items

C needed.

I_[TE(16,*) ANGLE, RESLTS(1,7),

& RESLTS(13,7)

C Set the Left-hand efldpoint 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

520 VYSAVI(0,J) = VYSAVI(I,J)

VYSAVH(O) = VYSAVH(1)

NSCN = NSCN + 1

AZIOLD = AZIDAT

IF( NSCN .LE. NUNSCN) GO TO 1000

ENDIF

.=
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RETURN

END

SUBROUTINENXTAZl ( AZI )

C e*w,_ e_www.w,,,_-*w,_wwww*w1_llr__, _**_k ./lwww_r_, ee_,,,,,

C * *

C * Subroutine NXTAZ! _omputes the next value of the azt- *

C * much angle, Ps4, based on the current value of the Eu- *

C * Let error and the previous delta-PM value, if the er- *

C * tor Js too Large, a smaller delta-Ps| will be used to *

c * compute the value of Psi+ unless the delta-Psi ts al- *

c * ready at the STEPNN Lo_er Lim{t. Ljke_tse, tf the Euo *

C * tev error is below a certain Limit+ the delta-Psi value *

c * is increased for the next Psi computation. *

c * *

C ww.w_wtvtHirt __ ___ ___'k-WwWWlk.W_ Wlk*_rwwW'k.W*-WW./_WtPWWllr_lrWlk_frWtPA'

C * w

C * External references in this rout|he: *

C * none *

C * *

C ***w,_.ew.w.ee.wew_w_t.ww.wwvvw._t _tw_t.w.ew.w.w.w**w ***w***w.

C * *

C * Nmed COI_ON blocks used _n this routine: *

C * *

C * CONST - Turbine and other constants used tn Load *

c * calculations. *

C * L:NITC - Holds values used _n the LINITS routine. *

C * POSITN - Holds parameters related ¢o blade position *

C * such as PHI, PSI, etc. *

C * TURBN - Holds turb_r|e parameters such as nun_er of *

C * blades, rotor speed, etc. *
C * *

C *_WW_W-WW'_;¢¢¢_;¢;_WWWW*'WWWW'W'W-*WW'WW*.WWWW.WWWW__W._it

C * *

C * Local and dummy variables used in th_s routine: *
C * *

C * AZ! - The next STEPHX station . *

C * NEW - Array index for ne_ data. *

C * OLD - Array index for old data. *

C * *

REAL AZI

INTEGER NE_

INTEGER OLD

INCLUDE _C:INCLIJOE\CONSTZ.INC _

INCLUDE _C:INCLUDE\LINITC,INC _
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iNCLUDE °C:INCLUDE\POS]TN,INCt

INCLUDE 'C_iNCLUDE\TURBN.INC_

• SAVE NEW
SAVE OLD

DATA NEW / 1 /
DATA OLD / 0 /

i

C Check the error, If it iS too large, decrease delta-Psi by

C 50%. If it is very matt, increase delta-Psi by 50%. The
C value of clelta-Pst must alMays be greater than STEPNN.

tF ( ERROR.GT. EUERR) THEN

DELPSI(NEW)= AMAXl(0,5*DELPS](NEW) , STEPMN)

ELSE iF ( ERROR.LT. O.I*EUERR) THEN

DELPSI(NEW)= 1.5*DELPSI(NEW)

ENDIF

C This section of code checks the position of the newPsi against
c the next STEPMJ(station, if the next Psi will go past the
C STEPt¢(station, the delta-Psi is adjusted to bring the next Psi

C directly onto the STEPMXpotnt. [f the next Psi wilt fatt Just
C short of a STEPflXstation, the delta-Psi is adjusted to assure
c that it will not be necessary to use a delta-Psi smaller than
c STEPNNto reach the next STEPMXstation on the next iteration.

c Progracmer note:

C The following logic can produce a delta-Psi that is Less
C thanSTEPNN for two steps, lt wouldthen move backwithin

C tolerances. This case comesup whenwe are withinslightly
C less than two STEPMNsof the next STEPMXstation. This

C algorithm carc_t produce a deltm-Pst that is less than
c STEPMN/2. MLB

iF (PS|(OLD)+DELPS|(NEW) .GT. AZ! ) THEN

DELPSI(NEW)= AZ! " PSI(OLD)

ELSE IF ( PSI(OLD)+CELPSI(NEW).STEPMN.GT. AZ! ) THEN

iF ((DELPS[(NEW) .ME. STEPMN).OR. (ERROR.LE. EUERR)) THEN

DELPSZ(NEW)= 0.5*( AZ! - PSI(OLD) )

END IF

+ ENDIF
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C Set nem Psi and delta-Time.

PSI(NEW) = PSI(OLD) + DELPSI(NEW)

DELTAT(NEW) = DELPSICNEW)/OHEGA

C Get time values if we're working on a yawing solution.

IF ( ITRIN .EQ, 0 ) TIME(NEW) = TIME(OLD) + DELTATEHEW)

RETURN

END

SUBROUTINE LOOCLC( BLDANG, STERP, RESLTS)

C *_r*_t_*_r*_t-_*_k_*-_r*d,**_;_;_;;_r*_I_w_t*_-**_r*_t_*vPdr_*1_dr*_**

C * *

C * Subroutine LODCLC is used to compute btede flap toads. *

C * *

C * *

C * External references in this routine: *

C * *

C * TRPZO0 - Composite trapezoidal integration. *
C * *

C , *, *.¢,'W.*,*w,_*W-*,_*_k.**._*.* ** WW.W,¢_.WW_.¢pW **,W.** **,W*,W,*W_tW**__** * *_ * *

C * *

C * Named COMMONblocks used in this routine= *

C *

C * AER01 - Holds coefficients related to aerochmamic *

C * loads calculations such as ClAtpha, CdZero, *

C * etc. *

C * AIRFRC - Holds values used in aerody_ic catcuta- *

C * ttons. *

C * BLADE - Holds bta¢le property values such as stiff- *

C * hess and mass distributions. *

C * CONST Turbine and other constants used in load *

C * calculations. *

C * LIMITC - Holds values used in the I.IM[TS routine. *

C * LODVAL - HoLds values used to compute btede Loads. *

C * POSITN - Holds parameters related to blade position *

C * such as PHI, PSI, etc. *

C * SHAPE - Holds blade coordinate shape functions. *

C * TENSIN - 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 * ¢ers. *

C _ *

C *_*'*w'crw*w'w***-wt'w'**-ww_*'ww.w_'*-w*.*w'w***_tw'*Ww.wwww_*_*_*

C * *

D-120



C * Local and dumTp/ variables _ed tn this routine: *

C * *

C * BLDANG - Bla¢le aztn_Jth position. *

C * COEF1 - Coa_licatecl term. *

C * COEF2 - C_[icated ten_. *

C * COEF4 - Cc_r_pltcatc_d term. *

C * COEF7 - C_licated term. *

C * CPSI - Cosine of the blade angle. *

C * FACTR1 - Co_1olicate<J term. *

C * FINTGR - Integral of FLAPFN, *

C * FLAPFN - Fla_ise shear force distr'ibcltion. *

C * I - Generic index. *

C * IPT - Data point irK_ex. *

C * J - Ger_ric irK_ex. *

C * LL - Generic in<tex, *

C * M Generic i r_dex. *

C * NPTS - Number of points along the blade used to *

C * perform $impson's integration for calculat- *

C * ing the m_nts and forces at the blade *

C * root. (passed from FLAP1) *

C * NSHP - Co=_ter on DO loops for the coordinate *

C * shape fu_t ic_. *

C * OM6ASQ _ Oe_ga^2. *

C * PI_J_CTO- TEmlporary storage. *

C * PRDCT1 - Temporary storage. *

C * PRDCT2 - Temporary storage. *

C * PRODCT - Temporary storage. *

C * PYAERO - Aerodynamic loads in the flapwise direc- *

C * lion. *

C * RESLTS - Te_nporary storage. *

C * SPSI - Sine of the blade angle. *

C * TINTGR -' Integral of TSNFCN. *

C * TSNFCN - Prcxduct of the tension force arv_ the slope *

C * at a blacie station. *

c * *

REAL BLDANG

REAL COEF1

REAL COEF2

REAL C_EF4

REAL COEF7

REAL CPSI

REAL FACTR1

REAL FINTGR

REAL FLAPFN (21)

REAL EDGEFN (21)

R_L TSNFCN (21)

REAL VXFCN (21)

REAL OMGASQ

REAL PROD

REAL PRJ_CTO

REAL PRDCT1

REAL P_J_CT2

REAL PROOCT (21)

REAL PYAERO (21)

REAL P)C_,ERO(21)

REAL QZFCN (21)

REAL RESLTS (21,9)
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REAL SPS1

REAL STEHP (4, 0=1, 0:2)

REAL TINTGR

REAL TRPZO0

INTEGER ]PT

INTEGER NPTS

INTEGER NSHP

INCLUDE IC:INCLUDE\AEROI.INC'

INCLUDE IC:INCLUDE_AIRFRC.INCr

t '
INCLUDE IC:IPCLUDE\BLADE2. INC I

INCLUDE IC:INCLUDE\CONST2. INC I

INCLUDE 'C:INCLUDE\L]HITC_INC' ,

INCLUDE lC:INCLUDE\Lt;OVAL.INEl

INCLUDE IC:INCLUDE\POSITN.INCJ

INCLUDE tC:]NCLUDE\SHAPE.INCt

INCLUDE IC:INCLUDE\TEN$IN2.INC_

INCLUDE IC:INCLUDE\TURBN.INC'

I_CLUDE rC:I_gLUDE\WIHD2.1_G _

SAVE NPTS

SAVE NEW

DATA NPTS / 21 /

DATA HEW / 1 /

C Initialize some constants

OHGASQ = OREGA**2

COEF1 = 2.0*OHEGA*STHP

COEF4 = OHGASQ*STHP*CTHP

COEF6 = OHGASQ'CTHP*CTHP

COEF7 = ONGASQ*STHP*STHP

CPS! = COS( BLDANG )

SPS] = SIN( BLDANG )

FACTRI = OMGASQ*BETAO+ Z*OHEGA*CPSI*PHI(1) + SPSI*PH](2)

COEF2 = GRAV*( "CH[*CTHP + STHP'*$P$! + BETAO*CTHP*CPS! )

COEF3 = GRAV'*( CHI*STHP + CTHP*SPSI'BETAO*STHP*CPSI)

COEF5 = GRAV*CPS!

COEF8 = GRAV'*SPS]WSTHP

PRO00 = O.5*RHOAiR*CSUBHA

DO ]50 IPT = 1, NPTS

RESLTS(IPT,1) = O,

=
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RESLTS(IPT,2_ = O.

RESLTSEIPT,3) = O.

DO 300 NSHP = 1, HSHAPS

RESLTS(IPT,1) = RESLTS(IPT,1)+

& SFLAPECNSHP,O,IPT)*STEMP(NSHP,NEW,O)

RESLTS(IPT,2) = RESLTS(IPT,2)+

& SHAPE(NSHP,I,IPT)*STEHP(NSNP, NE_, O)

RESLTS(IPT,3) = RESLTS(IPT,3)+

& $1LCPE(NSHPeO,IPT)_STEMP(NSHP, NE_, 1)

300 CONTINUE

PYAERO(IPT) = TRPZO0( IPT, BLTIP, DAZETA, NPT$)

PXAERO(IPT) = TRPZO0( IP?, BLTIPa DAETA, NPTS)

DMSBAC = PROOD*CNORD(]PT)*tv_f(IPT)**2

QZFCN(IPT) = DMSBAC+ ESUBAC(IPT)*DAZETA(IPT)

PRDCTO= O.

PRDCT1 = O.

PRDCT2 = O.

PROOCT(IPT) = O.

DO 340 NSHP = 1, NSHAP$

PRDCTO= PRDCTO+STEHPENSHP,NEW,O)wTCORLS(NSHP,IPT)

PRDCT1 = PRDCT1 +STEHP(NSHP_NEW,1)_TCORLS(NSHP,IPT)

PRDCT2 = PRDCT2 .STEMP(NSHP,NE_,2)*TCORLS(NSHP,IPT)

PROOCT(IPT) = PRODCT(IPT) + STENP(NSHP, NEW, O)

& * CIFNOM(NSHP I IPT)

340 CONTINUE

RESLTS(IPT,&) = OttGASQ* TOMGA(IPT) + COEF1 * PRDCT1

& " COEF5 * TGRAV(IPT)

RESLTS(IPT,5) = PXAERO(]PT) " FACTR1 * STItP * TOMGA(IPT)

& + COEF4 * PRDCTO+ COEF3 * TGRAV(IPT)

& + COEF6 * OFFHAS(IPT)

RESLTS(IPT,6) = PYAERO(IPT) " FACTR1 * CTHP * TOF1GA(IPT)

& + COEF7 * PRDCTO " PRDCT2 + COEF2 * TGRAV(IPT)

& + COEF4 * OFFNAS(IPT)

EDGEFN(IPT) = RESLTS(IPT,5)

VXFCN (IPT) = EDGEFN(IPT)*RESLTS(IPT,2)

TSNFCN(IPT) = RESLTS(IPT,4) * RESLTS(IPT,2)

FLAPFN(IPT) = RESLTS(IPT,6)

350 CONTINUE

DO 360 IPT = 1,NPTS

EINTGR = TRPZOD(IPT, BLTIP, EDGEFH, NPT$)

SINTGR = TRPZOO(IPT, BLTIP, VXFCN , NPTS)

TINTGR = TRPZOO(IPT, BLTIPe TSNFCN, NPT$)

OZ.AERO= TRPZOO(IPT, BLTIP, QZFCN , NPTS)

FINTGR = TRPZOD(IPT, BLT;P, FLAPFfl, NPTS)

ECENGR= TRPZOD(IPT, BLTIP, ECNTFN, NPTS)



RESLT$(IPT,7) = TINTGR - FINTGR+ COEFT*PROr,CT(IPT)

RESLTS(IPT,8) = EINTGR- OMGASQ*ECENGR
& - COEF4WPROOCT(IPT)+ COEFS*OFFMAS(IPT)

RESLTS(IPT,9) = QZAERO- SINTGR+ COEF4*DELTIMCIPT)
& + COEFS*OFFMAS(IPT)

360 CONTINUE

RETURN

END

SUBROUTINESHAFT2(IPS,IPR#NSTN)

[_CLUOE tC:INCLUDE\CONST2.1_Ct
INCLUDE tC=INCLUDE\TURBN.INCS

INCLUDE tC=INCLUDE\RESLTS.INC'
INCLUDE tC:INCLUDE\SHFLOO.INC'
INCLUDE IC:INCLUDE\BLADE2.INC'

CHARACTER* 50 SHFOUT
CHARACTER, 15LABEL1

CHARACTER* 10 LABEL2(6)
CHARACTER* 12 LABEL3(0:5)
CHARACTER* 12 LABEL4(0:5)
CHARACTER* 10 LABELS(6)

INTEGERIPS(360)
INTEGERIPR
INTEGERNSTN
INTEGERNSTN1

INTEGERNST1
INTEGERIgT
INTEGERIgT2

REALA(0=10,6)
REALB(O:IO,6)
REAL3(0:10,6)

REALD(0:I0,6)
REALSBETAO

REALCBETAO

REALFACTOR
. REALFI
REALPSI1

REALPSIN

SAVELABEL1
SAVELABEL2

SAVELABEL3
SAVELABEL4

SAVELABEL5

DATA LABEL1

& / 'AzimuthAngLe'/

DATA LABEL2

& / 'Fxr',tFyr',

& ,Fzrl,eMxrl,,Myr,,,IMzr,/
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DATA LABEL3

& / Ioos(O*PSl)l, Joos(PSi)Si

& IOOS(2.*PSI)IsIOOS(3.*PSI)I,
& laos(4.*PSi)ltloos(5.*P$I)l/

DATA LABEL4

& / Ss4n(O._PSl)l,Satn(PSl)lsIstn(2.*PSl)t,
& Isin(3.*PSl)lelSin(4.*PSl)S,Is4n(5.*PSI)l/

DATA LABEL5

& / eFXhtt t Fyhl,IFzht I
& IMxhl I eMyhltSMzhl/

4000 FORMAT(/I IX, At 6( IX, A))

4200 FORMAT(/, 2X, F10.3, 6(1X, F10.3))

4300 FORMAT(//)

4400 FORMAT(/, 17)(, 6(IX, A))

4500 FORMAT(/i IX, A _ 6(IX, F10.3))

SBETAO= SIN(BETAO)
CBETAO= COS(BETAO)

PSZl = O.
PSIN = 360.*.017453295

FACTOR= FLOAT(ZPR)/180.

PRINT *, _Read tn name of shaft Loads output file < t
READwt SHFOUT

PRINT "1SflFOUT
OPEN(101 FILE = SHFOUTISTATUS= IUNKNO_S)

NSTN1: NSTN - 1

DO360 IST = 1,NSTN1

F(1,1,1ST) = RESLTS(ISTI1,5)*CTHP + RESLTS(IST,1,6)*STHP

F(2,1,]ST) = RESLTS(IST,1,6)*CBETAO*CTHP+

& RESLTS(IST,lt4)*SBETAO " RESLTS(IST,I,5)*CBETAO*STHP

F(3,1,IST) = RESLTS(IST,1,5)*SBETAO*STHP"

& RESLTS(IST,I,6)WSBETAO*CTHP+ RESLTS(iSTel,&)*CBETAO

F(4,1,IST) = RESLTS(IST,1,7)WCTHP+ RESLTS(ISTel,8)*STHP

F(5,1,1ST) = RESLTS(IST,1,8)wCBETAOWCTHP

& + RESLTS(IST,1,9)*SBETAO
& -RESLTS(IST,1,7)*CBETAO*STHP

F(6,1,IST) = RESLTS(IST,1,7)WSBETAOWSTHP-

& RESLTS(IST,1,8)*SBETAO*CTHP+ RESLTS(]ST,1,9)*CBETAO

360 CONTINUE

DO370 i = 1,6
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F(I,I_NSTN) = F(ltl,1)
370 CONTINUE

NST1 = INT(NSTN1/2. . .0001)

DO390 IST = 1, NSTN1

IST2 = IST + NST1

IF( IST2 .GE. NSTN)THEN
IST2 = IST " NST1

ENDIF

DO385 I = 1,6

F(I,2,1ST2) = F(I,I,IST)

, 385 CONTINUE

]90 CONTINUE

DO400 I = 1,6

F(I,2,NSTN) : FCI,2,1)

400 CONTINUE

DO500 IST = 1,NSTN

PSI = IPS(IST) * .017453293

SitFLOD(1,1ST)= F(1,1,IST) -F(1,2,1ST)

SHFLOD(2,1ST)= F(2,1,1ST) + F(2,2,IST)

SHFLOD(3,IST)= F(3,1,IST) - F(3,2, IST)

SHFLOO(4,1ST)= F(4,1,IST) - F(4,2,IST)
& " HUBRA_*(F(2,1eIST) " F(2,2, IST))

SHFLOD(5,IST) = F(5,1,IST) + F(5,2,IST)

& + HUBRAD*(F(ltl,IST) + F(lt2,IST))

SHFLOO(6,IST) = F(6,1,1ST) - F(6,2,IST)

HUBLOO(1,IST)= SHFLOD(1,IST)_COS(PSI)+ SflFLOD(3,1ST)
& _ SIN(PSI)

HUBLOD(2,1ST)= SHFLOD(2,1ST)

HUBLOD(3,IST)= SHFLOD(3,1ST)*COS(PSI) - SHFLOO(1,IST)
& * SIN(PSI)

HUBLOO(4,1ST)= SHFLOD(4,1ST)*COS(PSI)+ StlFLOD(6,IST)
& * SIN(PSI)
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HUBLOO(5,IBT)= SHFLOO(5#IST)

HUBLO0(6,IBT) = BHFLOD(6,IST)*COS(PSl) "

& SlIFLO0(4s18T)*BIN(PSI)

500 CONT1HUE

gRIT6(IO_*) SLow'SpeedShaft Loads tn Rotor ooord4natest

.WRITE(lO,4000) LABEL1, (LABEL2(J), J=1,6)

DO420 IST = 1s NSTN

MRITE(lO,4200) IPS(IST)_ (SHFLOO(J,IST)s d=lt6)
/,20 ,CONTINUE

WRITE(IO,4]O0)

WRITE(lO,*) IHub Loads tn f|xed frame hub ooordtnates _

WRITE(lO,4000)LABELI,( LAB_-LS(J)_J=I,6)

DO450 iST = 1, NSTN

WRITE(lO,4200)IPS(IBT),(HUBLOD(J,IST)tJmlr6)
430 CONTINUE

C Computeharmonics of rotor shaft Loads: Fourier Series expansion.

C Also o_pute harmon]os of f_xed frame hub loa_la, tn hub ooordtnates.

00 800 II = 1_6
DO700 I = 0,5

SUMA2= O.
.1JMB2= O.

SUMC2= O.

SUMO2= O.

FI = FLOAT(1)

00 650 IST = 2, NSTN1
PSI = IPS(IST)* .017453293
SUMA2= SUHA2+ COS(FI*PSI)WSHFLOO(II,IST)
SIJI4B2= SUHB2+ SIN(FIWpSl)WSHFLOO(II,IST)

SUMC2= SUMC2+ COS(FIWPSI)*HUBLOD(IIsIST)
SUMD2= SUHD2+ SIN(FIWPBI)WHUBLOO(II,15T)

650 CONTl NUE

SUMA= 2.*SUMA2+ COS(FIwPSI1)*SHFLO0(II,1) +

& COS(FI *PSIN)WSHFLO0(I I, NS_'N)
SUHB= 2.*SUMB2+ SIN(FI*PSII)*SiiFLOD(II,I)+

& SIN(FIWpSIN)*SHFLOO(II,NSTN)

SUMC= 2.*SUMC2+ COS(FIwpSI1)*HUBLOD(II,1) +
& COS(FI*PSIN)wHUBLO0(I I, NBTN)

SUMD= 2.*SUHO2+ SIN(FIWpSI1)WHUBLO0(II,1) +

& SIN(FIWpBIN)*HUBLO0(II,NSTN)

IF( L .EQ.O) THEN

A(I,II)= 0,,25 _' FACTORWSUHA

B(I t I I ) = 0.25 * FACTORWSUMB
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C(Isl]) = 0.25 * FACTOR*SLIMC
D(Itll) = 0o2_ * FACTORWSLR4D

ELSE

A(I,II) = 0.50 * FACTOR*SUNA
S(Isll) = 0.50 * FACTDR*SL_B
C(Isll) = 0,50 * FACTOR*SUMC

D(irll) _' 0.50 * FACTORwSUHD

BNDIF
700 COflTI NUE
800 CONTINUE

,_/RITE(IO,4300)

WRITE(lOs") tHarmonlcs of Rotor shaft: Loadsi

WRITE(IOs{_00) ( LABEL2(J)t J=li6)
DO 900 [ = 0,5

WRITE(lO,4500) LABEL3(1),(A(ItII)._ ii=I,6)

k_iTE(10t4500) LABEL4(1)t(B(isII) t II=Ia6)
900 CONTINUE

I_RITE(10s4300)

I_TE(10_*) IHarmonios of Hub loads In Fixed Coordinates S
_|TE(IOe_O0) ( LABELS(J)_J=_,6)

DO920 I " 0,5
_ITE(10,4500) LABEL3(1), (C(ItII), II=I,6)
k_ITE(10,4500) LABEL4(1)f ( D(I_II)t II=Is6)

920 CONTINUE
RETURN

END

SUBROUTINESHAFT3(IPS,IPR,NSTN)

INCLUDE tC_INCLUOE\CONST2,INC_

INCLUDE _C=INCLUDE\TURBN.INC_
INCLUDE tC:INCLUDE\RESLTS.INC_
INCLUDE tC=INCLL_E\SHFLOO.INC_

INCLUDE rC:INCLUOE\BLADE2.1NCt

CHARAC1ER* 50 $HFOUT

CHARACTER* 15 LABEL1

CHARACTER* 10 LABEL2(6)

'CHARACTER* 12 LABEL3(O=5)
CHARACTER* 12 LABEL4(0:5)

CHARACTER* 10 LABELS(6)

INTEGERIPS(360)
INTEGERIPR

INTEGERNSTN

REALA(O:10,6)

REALB(0:10,6)
REALC(0:I0,6)
REAL b(0:10,6)

REALFACTOR
REALFI
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SAVELABEL1
SAVELABEL2
SAVELABEL3
SAVELABEL4

SAVELABEL5

DATA LABEL1

& / 'Azfmuth AngLel/

DATA LABEL2

& / _FxrseIFyrll
& ,lFzPl+IHxPstlHyrlilHzrl/

DATA LABEL3

& / Ioos(O*PSI)t_ teos(PSZ)'e
& ioos(E,*PSl)Ssecos(3,*PS1)s ,

& Soos(4.*PSl)tseoos(5,*PSI)S/

DATA LABEL4

& / 'sin(O._PSI)'tlslr_(PSI)t,Ss_n(20*PSI) I,
& Ss|n(3.*PSi)S,lstn(4.*PS1)SsIs|n(5.*PSl)t/

DATA LABEL5

& / IFxhl t IFyhl,IFzh0,
& IHXhl, INy'hlt_Hzht/

4000 FORHAT(/l IX, Ai 6( IXi A))

4200 FORHAT(/, ?..X_F11.2, 6(IXt F11.2))

4300 FORMAT(//)

4400 FORMAT(/, 17)(, 6(IX, A))

4500 FORHAT(/, IXi A , 6(IX, F11.2))

SBETAO= SIN(BETAO)

CBETAD= COS(BETAO)

PSI1 = O,

PSlN = ]60.*.017453293

FACTOR= FL.OAT(IPR)/180.

PRINT *, I s
PRINT*_ t I

PRINT*, SReadin nam of shaft loads output ftle I
READ*, SHFOUT
OPEN(10, FILE = SHFOUT,STATUS= 0UNKNOWNt)

NSTN1= NSTN- 1

DO360 IST = 1,NSTN1

F(1,1,IST) = RESLTS(IST,1,5)WCTHP+ RESLTS(IST,1,6)WSTHP

F(Z,I,IST) = RESLTSCIST,1,6)*CBETAO*CTHP+ RESLTS(IST,1,4)*SBETAO
& " RESLTS(IST,1,5)WCBETAO*STHP

F(3,1,1ST) = RESLTS(IST,1,5)*SBETAO*STHP" RESLTS(IST,1,6)*SBETAO

D-129



& *CTHP . RESLTS(IST,1,4)*CBETAO

F(6,1,IST) = RESLTS(IST,1,7)*CTKP + RESLTS(]ST,1,8)*STHP

F(5,1,IST) = RESLTS(IST,1,8)*CBETAO*CI'HP + RESLTSCIST,1,9)eSBETAO

& "RESLTS(IST,I,7)*CBETAO*STHP

F(6,1,IST) = RESLTS(IST,1,7)tSBETAO*STHP - RESLTS(IST,1,8)WSBETAO

& *CTHP + RESLTS(IST,1,9)*CBETAO

360 CONT[NUE

DO 370 ] = 1,6

FCI,1,NSTN) = F(1,1,1)

370 CONTINUE

NST1 = ]NT(NSTN1/_. . .0001)

NST2 = ]NT(2.WNSTN1/3. + .0001)

DO 390 ;ST = 1, NSTN1

[ST2 = ]ST . MST2

]ST3 = ]ST + NST1

IF( ]ST'3 .GE. NSTN) THEN

IST3 = IST - N$T2

EI_DIF

ZF( IST2 .GE. NSTN) THEN

[ST2 = IST " NST1

END]F

DO 385 ! = 1,6

F(Z,2,1ST2) = F(;,1,IST)

F(Z,3,]ST3) = F(],I,IST)

• B5 CONTINUE

390 CONTZNUE

DO 400 ! = 1,6

FCZ,Z,NSTN) = F(],2,1_

F(I,3,NSTN) = F(1,3,1)

400 CONT]NUE

FACTR = .86603

DO 500 IST = 1,NSTN

PS] = [PS(ZST) * .017453293

SHFLOO(1,IST) = F(1,1,IST) " 0.5*(FC1,2, XSTP+F(1,3,ZSTP)

& . FACTR*(FC3,Z,]ST)-F(3,3,IST))

=
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SHFLOO(2, IST) = F(Z,I,IST) + F(2,2, IST) + F(E,3,IST)

SIIFLOO(3,IST) = F(3,1,IST) " 0.5*(F(3,2,IST)+F(3,3,IST))

& - FACTR*(F(1,2, IST)-F(1,3, IST))

SHFLOO(4,iST) = F(4,1eiST) * 0.5*(F(4,2, IST)+F(4,3, iST))

& + FACTR*(F(6,2,IST)'F(6,3, IST))'HUBRAD*F(Z,I,IST)

& + 0.5*HUBRADe(F(E,3,IST)+F(2,Z,IST))

SHFLOO(5,iST) = F(5,I,ZST) + F(5,Z,IST) + F(5,3,iST)

& + HUBRAD*(F(1,1,IST)+F(1,2,1ST)+F(1,3,iST))

SHFLOO(6,1ST) = F(6,I,IST) - 0.5*(F(6,Z,IST)+F(6,3,IST))

& - FACTR*(F(4,Z,IST)-F(4,3,1ST))

& + FACTRWHUBRAD*(F(Z,Z, IST)-F(2,3,IST))

HUBLOO(1,IST) = SHFLOO(1,IST)*COS(PSI) + SHFLOD(3,1ST)

& * SIN(PSI)

HUBLOD(Z,IST) = SflFLOD(Z,IST)

HUBLOD(3,IST) = SHFLOO(3,IST)*COS(PSI) - SHFLOO(1,iST)

& * SIN(PSI)

HUBLOD(4,IST) = SHFLOD(4,IST)*COS(PSI) + SHFLOO(6,IST)
& * SiN(PSi)

HUBLOO(5,IST) = SHFLOO(5,IST)

HUBLOD(6,IST) = SHFLOO(6,IST) w COS(PSI) - SHFLODC4,iST)

& * SiN(PSI)

500 CONTINUE

MRZTE(IO,*) _Low-Speed Shaft Loads in Rotor coordinates t

'k_ZTE(IO,4000) LABEL1, (LABEL2(J), J=1,6)

DO 420 IST = 1, NSTN

WRITE(lO,4200) IPS(IST), (SHFLI_)(J,iST)o J=1,6)

420 CONTINUE

I_R%TE(IO,4300)

_RITE(IO,*) iHUb loads in fix_ fr_ hub coordinates'

WRITE(lO,4000) _ELI, (LUELS(J), J=I,6)

DO 430 iST : I, NSTN

MRITE(10,4200) %PS(IST), (ULOD(J,XST), J:I,6)

430 CONTINUE

C Compute han_mnics of rotor shaft toads: Fourier Series expansion.

C ALso compute harm_ios of fixed frame hub loads, in hub coordinates.

DO 800 II = 1,6

DO 700 % = 0,5

SUR_=O.

SI_2 = O.
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SUHC2= O.
SUKO2=O.

FI = FLOAT(1)

DO 650 %ST= 2, HSTH1
PSI = IPS(IST) * .017453293

SUHA2= SUHA2+ COS(FI*PSI)*SHFLOO(II,IST)
SUHB2= SUHB2+ SIN(FI*PSI)*SHFLOD(II,IST)
SL94C2= SUHC2+ COS(FI*PSZ)*HUBLOO(II,IST)
SU14D2= SUI_2 + SIN(FI*PSIP*HUBLOO(II,IST)

650 CONTINUE

SUHA= 2.*SUHA2 + COS(FI*PSIlpWSHFLO0(II,I) +
& COS(FI*PSIN)*SHFLOO(I1,NSTN)

SUHB= 2.*SUHB2+ SIN(FI*PSI1)*SHFLO0(II,1) +

& SIN(FI*PSIN)*SHFLOO(II,NSTN)
SUMC= 2.*SUNC2+ COS(FI*PSI1)*HUBLOO(II,1) +

& COS(FI*PSIN)WHUBLOOEII,NSTN)

SU_ = 2.*SUHD2+ SIN(FI*PSI1)*HUBLOD(II,1) +
& SIN(FI*PSIN)*HUBLOD(II,NSTN)

IF( l .EQ. O) THEN

A(I,II) = 0.25 * FACTOR*_HA
6(I,11) = 0.25 * FACTOR*SUHB
C(],II) = 0.25 * FACTORWSUHC
D(I,II) = 0.25 * FACTORWSUI4D

ELSE

A(I,II) = 0.50 * FACTOR*BUI4A

B(I,ll)= 0.50 * FACTOR*SL/HB
C(I,II)= 0.50 * FACTORWSUHC

D(I,II) = 0.50 * FACTORWSUHD

v

ENDIF
700 CONTINUE
800 CONTINUE

WRITE(lO,4300)

WRITE(lO,*) 'Harmonics of Rotor Shaft Loadst
WRITE(IO,_O0) (LABEL2(J), J=1,6)
DO900 1 = 0,5

tgRITE(lO,4500) LABEL3(I),(AfI,II), 11=1,6)
_JRITE(lO,4500) LABEL4(I),(B(I,II),I1=I,6)

900 CONTINUE

fgRITE(IO,4300)

IJRITE(10,*) 'Harmonics of Hub loads in Fixed Coordinates'

I_RITE(10,6400) (LABEL5(J), J=1,6)

DO920 Z = 0,5
IgRITE(10,4500) LABEL3(I), (C(I,XI), II=I,6)

IgRITE(IO,4500)LABEL4(I),(D(I,II), I1=1,6)
920 CONTINUE

RETURN

END
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Appendix E

Modules 1 and 2 Flowcharts
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