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Summary

The following report gives the reader an overview of and instructions on the proper use of the National
Renewable Energy Laboratory Force and Loads Analysis 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) Force and Loads Analysis 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. Then, 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 and input of turbulence to FLAP are explained. Finally, an interactive
run session for both modules is illustrated. Code listings and output results are contained in the
appendices.



2.0 Code Overview

FLAP (Force and Loads Analysis Program) analyzes two- or three-bladed rigid hub rotors. It predicts
blade loads that result from such effects as gravity, windshear, tower shadow, and turbulent wind
fluctuations. It 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 Force and Loads Analysis Program (FLAP, Version 2.01) (Wright,
Buhl, and Thresher, 1988).

This 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. It 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 modeshapes.

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 initial values for the blade deflection and velocity, Once the blade reaches a steady-state trim
solution, tlie 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 vatues 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 azimuth (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, All 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. These stations correspond to the 50% and 100% biade
radial stations. It 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.



4.0 Example Turbine Description

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

The example wind turbine, shown in Figure 4-1, is a two-bladed, fixed-pitch, free-yaw, downwind, stall-
controlled rotor turbine. It has a rotor diameter of 24 m (80 ft) and features wood epoxy composite rotor
blades. These blades use LS(1)-04XX airfoils with thickness distribution and planform shown in
Figure 4-2. This blade has a chord taper ratio of 2.2 beginning at the 30% blade radial station. Figure 4-2
also describes the linear trailing-edge-drop twist distribution of 4.0 deg. Blade stiffness and mass
distributions are shown in Figures 4-3 and 4-4. The lift and drag profiles for the LS(1) are shown in
Figure 4-5. The blade pitch is set to zero degrees measured at the 75% blade span. The rotor has a
solidity of 0.035 and a coning angle of 7.0 deg angled away from the tower. The teetered rotor has a
delta-3 angle of zero degrees and rotates at a constant rotational speed of 60 RPM. Aerodynamically
shaped tip vanes wiounted at the blade tip perpendicular to the spanwise axis provide overspeed protection
and assist in high-wind stops. Table 4-1 summarizes the major turbine specifications for the test turbine.

The distance from the yaw axis to the center of the hub is 6.79 ft.
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Figure 4-1. lllustration of example turbine
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Table 4-1. Example Turbine Specifications.

Rated Power
Rated Windspeed
Diameter

Rotor Type

Rotor Orientation
Blade Construction
Rotor Airfoil

Tip Speed

Cut-in Windspeed
Rotor RPM
Generator RPM
Generator Type
Gearbox

Hub Height
Tower

Pitch Control
Yaw

Overspeed Control

Total Systern Weight

Coning

250 kW -

20.3 m/s (45 mph) Rotor
24.5 m (80 ft)
Two-Bladed Rigid Hub
Downwind

Wood Epoxy Composite
NASA LS(1) 0417

77.9 m/s (173 mph)

5.9 mv/s (13 mph)

60 RPM

1,800 RPM

300-kW Induction, 3 Phase
Planetary

249 m (81.5 ft)

Open - Truss

None

Passive

Tip Vanes

9,750 Kg (21,500 1bs)

7 deg

Rotating Natural Frequencies

First Flapwise
Second Flapwise

2 Hz
7.8 Hz
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5.0 Preparation of Input Data

Appendix A, page A-Z, 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 the tower centerline or yaw axis to the center of the hub (point where the two blades
intersect) is 6,79 ft.

ALPHAG¢ (deg)

This variable represents the angle from the chord line to the zero lift line. This angle can be found from
examination of the lift curve for the LS(1) airfoil shown in Figure 4-5 and represents the angle of attack
at which C|_is equal to zero. It is equal to -4 deg for this airfoil. We assume a constaut ALPH¢ for the
entire blade span. Provisions for changing ALPH¢ with blade span are not provided in this version of
FLAP.

CHI (deg)

The angle CHI is the rotor shaft tilt, 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
calculation of flap-bending moments,

DRGFRM

This input variable is used in the calculation of airfoil drag coefficient, as given in Wright, Buhl, and
Thresher (1988), equation 4-7, page 85. It can be found by fitting a second-order equation of the form
given in Wright, Buhl, and Thresher (1988) to the airfoil Cpy versus C; curve. For this airfoil, the value
for DRGFRM was calculated as 0.0032.

HUBHT (ft)

The hub height of this turbine is 80 ft.

BETA¢ (deg)

The precone angle for this rotor is 7 deg.

BLSHNK (ft)

BLSHNK is defined as the length of blade shank measured from the blade root to the point where the air-
foil section begins. A nonzero value for BLSHNK must always be input to this code. If the particular

rotor being analyzed has a zero blade shank, set BLSNK to some small number (.01). Figure 5-1 clarifies
the definition of this variable. The main purpose of this variable is to identify the portion of the blade
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Figure 5-1. lllustration of rotor geometry

not producing aerodynamic lift. For this case, BLSHNK = 0.8 ft. Input 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. This value will not, in
general, be equal to the rotor radius (see Figure 5-1). For this turbine, BLTIP is set equal to 38 ft because
we have a hub radius of 2 ft. The hub is not considered as part of the blade.

HUBRAD (ft)

HUBRAD is the distance from the axis of rotation to the blade root. For this rotor, HUBRAD is set equal
to 2 ft. Figure 5-1 clarifies this input variable.

KSHADW

This variable is used in the tower shadow model (see Wright, Buhl, and Thresher, 1988, pages 7, 88).
It 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 yéw motion solution. See Ref. 2 for more
details. This variable defines the yaw-motion amplitude in the time-dependent yaw solution,

PHIOMG (deg/sec)

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

PHIo (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).

THETAP

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

For a single code run, the orientation 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. All load and deflection results are referenced to this one
axis system (the X, Y, Z, axes [Wright, Buhl, and Thresher, 1988]). For this case, we set THETAP to
2 deg to reflect 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 TSUB¢

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,

ok
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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 TSUB¢ = 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 (ft/s)
The hub height free-stream windspeed for this case was 33.64 ft/sec.

XLEFT

We used 11 points to input distributed property data. The first point XLEFT(1) is located at the blade
root. ‘The last point XLEFT(11) 1s located at the blade tip. The other points are chosen to help
approximate the blade’s mass, stiffneys, twist, and chord distributions.

WEIGHT

We wanted to include the 42-1b tip weight in the blade’s distributed weight input (provisions for inputting
a concentrated tip weight are not included). We placed points at 36.0, 36.2, and 38.0 ft.

Distributed property data are interpolated in Module 1 to form a set of evenly spaced 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° 1b-ft?)

Figure 4-3 shows the stiffness distributions for this airfoil. Input of values from this plot result in
overprediction of the blade’s flapwise bending frequencies. We deliberately reduced these values uni-
formly along the blade so that the predicted flapwise frequencies will agree with test data. It is known
that the first symmetric flapwise frequency is approximately 2 Hz. Values taken directly from Figure 4-3
result in oveirprediction of the frequencies. The user can now try different mass and stiffness distributions,
run Module 1, and see what effect these changes have on predicted frequencies. We deliberately reduced
the blade’s stiffness distribution.

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

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



ATWIST

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

ACLALF, ACDZER

ACLALF is the lift curve slope. It 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. It is used in the calculation of drag coefficient (Wright, Buhl,
and Thresher, 1988). It is also allowed to vary along the span.

NUMSCN, TIMINC, 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. Note: The hub center windspeed data will be read in also. MSTAT
represents the number of blade stations outboard of the hub center at which turbulent wind input are to
be read. STA gives the positions (as measured from the center of rotor rotation) of these points, here set
to 20 and 40 ft., which is 50% and 100% of the rotor radius. These inputs are seen in the input file 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 after
the trim solution.

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

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 rotationally 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 diciate 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. The file contains 8,192 lines of data sampled at 24 Hz. This file represents
341 seconds 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 (2'? in 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 FLLAP and how they are
used.

In order to run a turbulent windspeed 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, it enters this subroutine, if
so chosen by the user. It is in this subroutine that the turbulent windspeed data generated by VEERS is
read into FLAP.,

We must 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 wizdspeed
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. These predictions are pot written ir: the RESULTS.DAT file
formed previously.

The code then reads one line of wind input data at a time, For the first pass through this subroutine,
before the first line of windspeed data is read, the initial azimuth angle is set to zero degrees, and the
initial values for the two windspeeds on each blade and the hub center windspeed are set equal to VHUB.
The first line of data is then read. The azimuth angle is then incremented, and wind input are then
determined by linear interpolation for this intermediate azimuth angle. The values calculated at this
intermediate azimuth are stored in the variables VYNOW1(1), VYNOW 1(2), and VYNOWH. These vari-
ables represent 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 VYSAV1(1,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(I) 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 TRBCL.C and cz1culate 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 uf 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 windspeed
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 all 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
tile produced by the VEERS model contains windspeed data derived from three parts: (1) the mean hub
height windspeed, (2) the variation of windspeed as a result of windshear, and (3) the variation as a result
of stochastic effects, The second part may be zero if the VEERS model is run with a zero windshear
exponent,

Care must be taken to run the trim solution in 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 WITH 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 TURBN.DAT. Upon typing in the input file name,
the user is prompted for the name of the run-data file name. This file is written by FLAP1 and contains
the data to be read by FLAP2.

All 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 rhanges must be made to the input file and then
rerun, '

After all the input data have been echoed out, the user is prompted for the name of a file for writing the
blade’s modeshape and natural frequency data. This file is different than the run-data file. The purpose
of this modeshape file is to allow the user to examine resulting flapwise natural frequencies and mode-
shapes. It is not read by FLAP2, and its only purpose is to examine frequency results.

Finally, the user is asked if he or she wants to process another data file; in which case, he or she
answers yes or no. The code then responds by repeating the previous steps or stating "FLLAP 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 run the model, (D)iagnostic run,
(Thurbulence run, and (Q)uit,

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 Butterfield, 1992),

After changing any of the free variables, the user is given the option of changing the run parameters.
We suggest changing the variables STEPMX and EUERR under certain conditions, See 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 windspeeds 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 shadow.

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 allows printout of
blade deflection, velocity, acceleration, and other items in the RESULTS.DAT file. From this information,
the user can monitor problems that may be occurring during code execution.

Another variable in this list of parameters is NYAW. If the user wants to run a time-dependent yaw
sulution, 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 halt 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 this turbine were shown. Code and
interactive run listings are given in the appendices.
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Appendix A

Module 1 Input File, Interactive
Run Listing, and Output Files
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THIS 1S THE INTERACTIVE RUN LISTING FOR MODULE 1:
Program For Analysis Of Horizontal Axis Wind Turbine
Response Yo Dynamic Loads

* MODULE 1

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

Enter name of input data file >

Enter name of output data file »

TURBN . DAT

DATA INPUT FOR THE EXAMPLE TWO BLADED, DOWNWIND

80 FT DIAM. RIGID HUB ROTOR |

Parameter values:

ALENTH = 6,79000 NPANEL = "
ALPHAQ = -4,00000 OMEGA = 60.00000
BETAD = 7.00000 PHIO = 13.00000
BLSHNK = 0.80000 PHIAMP = 0.00000
BLTIP = 38.00000 PHIOMG = 0.00000
CHI = 0.00000 PSIZER = 20.00000
CSUBMA = 0.01500 SHERXP = 0.16400
DRGFRM = 0.00320 THETAP = 2.00000
HUBHT = 80.00000 THETAT = 4.00000
HUBRAD = 2.00000 TSUBO = 0.05000
KSHADW = 1 TSUBP = 0.05000
NBLADS = . 2 VHUB = 33.64000
NUMSCN = 100

TIMINC = 0.04166

MSTAT = 2

Hit <Enter> to continue...

XLEFT WEIGHT AELARE 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
%.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
38,00000 28.20000 0.13500 0.00000 0.00000 0.00000
tiit <Enter> ‘to continue...
ACHORD ATWIST ALCALF ACLMAX " ACDZER AESBAC



1.00000 0.00000 0.00000 0.00000
1.00000 0.00000 0.00000 0.00000
2.08300 4.00000 4.55000 1.00000
2.33300 3.90000 4.75000 1.10000
2.91600 3.80000 4,85000 1.20000
2.46400 3.20000 4.,95000 1.30000
2.23800 2.80000 4.95000 1.50000
2,01200 2.10000 3.20000 1.60000
1.56000 0.20000 5.18000 1.60000
1.54900 0.10000 5.18000 1.60000
1,33300 0.00000 5.24000 1.60000

Hit <Enter> to continue...
STA-

20.000
40.000

Hit <Enter> to continue...
Enter name of modeshape and frequency output filedone.

Data for MODULE 2 have been written to RUNB.DAT.

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

FLAP terminated normally,

0.00000
0.00000
0.00830
0.00830
0.00830
0.00830
0.00830
0.00830
0.00830
0.00830
0.00830

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
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THIS 1S THE MODESHAPE AND FREQUENCY FILE

FREQUENCIES =
15.4516
Modeshapes:

201

50.6140

.000000
A479990E-03
.226373E-02
.560398E-02
. 105679E-01
. 171897E-01
.255666E 01
.359055E-01
0.485312€-01
0.638611E-01
.823587E-01
1046471
. 130561
.160841
195319
233762
275687
.320391
367023
414711
0.462746

OCCOOCOCO

OO0 O0OO0OO0ODODO0O0O

147,366

0.000000
-0.470760E+03
-0.172893E-02
-0.376290E-02
-0.668386E-02
-0.105695E-01
-0.153675€-01
-0.208500E-01
-0.266104E-01
-0.320938E-01
-0.366515E-01
~0.396127E-01
-0.403623E-01
~0.384173E-01
-0.334936E-01
-0.255528E-01
-0.148218€-01
~0.177524€-02
. 0,129271€-04

0.285568E-01

0.444972-01

473.919

0.000000
0.152273E-03
0.811213E-03
0.195616E-02
0.330836E-02
0.450120E-02
0.519992€-02
0.5177106-02
0.435051E-02
0.278973E-02
0.698037E-03
-0.162388E-02
~0.382617E-02
-0.556326€-02
-0.654618€-02
-0.658726E-02
-0.563072E-02
~0.3762T9E-02
-0.119463E-02
0.178793E-02
0.491525€-02

0.000000
-0.453987€-03
-0.116018€-02
-0.155346€-02
~0.146922€-02
-0.981423€-03
-0.279214E-03

0.422401E-03

0.942064E-03
0.116603€-02
0.106098E-02
0.669985E-03
0.957751E-04
-0.524056E-03
-0.104599€-02
-0.134900€-02
-0.135829€-02
-0.106016E-02
-0.503351E-03
0.216767E-03
0.996658E-03
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THIS IS THE RUN DATA FILE PRODUCED BY MODULE 1 AND READ

BY MODULE 2:
TURBN.DAT

DATA INPUT FOR THE EXAMPLE TWO BLADED, DOWNWIND
80 FT DIAM. RIGID KUB ROTOR

ALENTH
6. 7900000000E+00

BLSHNK
8.0000000000E-01

CSUBMA
1.5000000000¢& -02

HUBRAD
2.0000000000E+00

PHIAMP
0.0000000000E+00

SHERXP
1.6400000000€~01

ALPHAO
-4.0000000000E+00

BLTIP
5.8000000000€401

DRGFRM
3.2000000000E-03

OMEGA
6.0000000000E+01

PHIOMG
0.0000000000E+00

THETAP
2.0000000000E+00

TSUBO TSUBP
5.0000000000E ~02 5.0000000000E-02
KSHADW NBLADS NSHAPS
1 2
NUMSCN= 100
TIMINC=  0.04166
MSTAT = 2
STACI)-
2.000E+01 4.000E+01
CLALFA-
0.0000000E+00 4.6100000E+00 4.T366670E+00
4.8100000€+00 4.8416670E+00 4 .8675000E+00
4.9150000E+00 4.9387500E+00 4.9500000E+00
5.0000000E+00 5.1187500E+00 5.1988000E+00
5.1912000€+00 5.1874000E+00 5.1836000E+00
5.2400000E+00
CLMAX -
0.0000000E+00 1.0300000E+00 1.0933330E+00
1.1600000£+00 1.1916670E+00 1.2175000£+00
1.2650000€+00 1.2887500E+00 1.3500000E+00
1.5200000E+00 1.5675000E+00 1.6000000E+00
1.6000000€+00 1.6000000E+00 1.6000000£+00
1.6000000£+00
CDZERO-
0.0000000E+00 8.3000000E-03 8.3000000E-03
8.3000000E-03 8.3000000&-03 8.3000000€-03
8.3000000€-03 8.3000000€-03 8.3000000€-03

8.3000000€-03
8.3000000€-03
8.3000000E-03

CHORD -
1.0000000€+00
2.6828000E+00
2.6222010E+00
2.1928000E+00
1.8131190€+00
1.3330000€+00

ECNTFN-
0.0000000E+00
0.0000000E+00
0.0000000€+00

8.3000000E-03
8.3000000E-03

2.1580000E+00
2.8674160E+00
2.5148510E+00
2.0854490E+00
1.7272390E+00

0.0000000&+00
0.0000000E+00
0.0000000E+00

8.3000000E-03
8.30N000OE -03

2.3163330€+00
2,8369000E+00
2.4075010E+00
1.9848790E+00
1.6413590E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00

BETAD
7.0000000000E+00

CH1
0.0000000000E+00

HUBHT
8.0000000000E+01

PHIO
1.3000000000E+01

PSIZER
2.0000000000E+01

THETAT
4.0000000000€+00

VHUB
3.3640000000E+01

NPTS
21

4.7783330E+00
4.8912500E+00
4 .9500000E+00
5.1950000E+00
5.1800000E+00

1.1283330E+00
1.2412500E+00
1.4450000E+00
1.6000000E+00
1.6000000E+00

8.3000000€-03
8.3000000E-03
8.3000000€-03
8.3000000E-03
8.3000000€-03

2.4981B30E+00
2.7295500€+00
2.3001500E+00
1.8989990E+00
1.5545000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+Q0
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0.0000000€+00
C.00000006+00
0.0000000E+00

ESUBAC-

0.0000000E+00
0.0000000E+00
0.0000000E+02
0.0000000E+00
0.0000000E+0Q
0.0000000E+00

THETAD-

1.3962630E-01
7.2605690€-02
8.0110590E-02
9.3200590€E-02
1.1756550E-01
1.3962630E-01

CKBEND-

1.0083390E+02
-4 ,0322250E+00
9.9915050E-02
-4.0335320€-02

CKTOMG-

9.4809340E-01
1.0213810E-01
-2.5309020E-03
1.0220290€-03

CKTGRV-

2.7604020E-02
1.9881190E-03
-1.24461410E-04
4.4409070E-05

" cKaLoD-

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

CMMASS-

5.7911190&- 01
4.1807690E-07
5.0681800E-07
6.3668550E-07

CKTCRL( 1,K,L)-

9.3012170E-03
1.3157830E-03
1.3310280€-05
7.8709800E-06

CKTCRLC 2,K,L)-

2.8308130E-04
1.4827730E-04
1.9014220E-05
6.6901930E-07

CKTCRL( 3,K,L)-

3.3599220E-06
6.4080110E-06
3.0212620E~06
6.1850270€-07

CKTCRL( 4,K,L)-

5.6055080¢&-07
4.5585320E-07
2.9808030€-07
1.4599310€-07

CMRIGD-

6.4966190E+01

CMBLNC-

0.0000000E+00
0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

7.0336770E-02
7.3158380€-02
8.2597690E-02
9.9003830E-02
1.2386610E-01

-4.0322250E+00
2.8433650E+01
~2.5780500&-01
3.1327550€-02

1.0213810E-01
7.1425090E-02
6.53023608-03
-7.9456660E - 04

1.9881190E-03
2.2382840E-03
1.3956390E-04
~64,0216200E-05

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

4.1807690E-07
1.2199980€-02
2.1859380E-07
2.5996100E-07

1.3157830€-03
6.7067570E - 04
7.5045650€-05
-1.5799920€ - 06

1.4827730E-04
1.5741480E-05
5.2289370E-06
2.0837360E-06

6.4080110E-06
2.3025510F-06
4.3411470E-08
7.3307340E-08

4,5585320€-07
4. 1657040E-07
8,5431540E-08
~8,5354640€E-09

~4.2173530E+00

0.0000000E+00
0.0000000E+00

0.0000000£+00
0,0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

7.1442140E-02
7.5136420€-02
8.5521120€-02
1.0496420E-01
1.3016670E-01

9.9915050€~02
~2.5780500E-01
6.71125506+00
-1.9452040E-02

-2.5309020E-03
6.53023606-03
4.4022620E-03
4.914746206-04

-1.2441410E-04
1.3956390E-04
1.5335550E-04
1,1202700€ - 05

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

5.0681800E-07
2.1859380E-07
3.1734160E-04
3.0884490E-07

1.3310280E-05
7.5045650€-05
3.7128080€-05
5.1852320€-06

1.9014220€-05
5.2289370E-06
-5.9275360E-07
2.0192700€-07

3.0212620€-06
4.3411470E-08
2.3791120E-08
+1.0719060€ - 08

2.9808030E-07
8.5431540E-08
-2.9392540E-09
3.6502860E-09

3.2205240€-01

~l

0.0000000E+00
0.0000000E+00

0.0000000E+00
0.0000000€+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

7.2053010€-02
7.7623500E-02
8.8837260E-02
1.11264806-01
-1.3700830E-01

-4 .0335320€-02
3.1327550€-02
-1.94520408-02
5.5040870E+00

1.022025'0E - 03
-7.9456660E - 04
4,9147420E-04
6.0389170E-04

4.4409070E-05
~4.,0216200€-05
1.1202700E-05
2.5997140€-05

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

6.3668550€-07
2.5996100E-07
3.0884490E-07
2.4889670E-05

7.8709800E-06
~1.5799920E-06
5.1852320€-06
4.2657200E-06

6.6901930E-07
2.0837360€-06
2.0192700€-07
-2.7655570E-07

6.1850270€-07
7.3307340£-08
-1.0719060€-08
2.2584170E-08

1.4599310E-07
-8.5354440E-09
3.6502860E-09
-2.2649680E-09

-5.5928610€-02



0.0000000£+00

CMGRAV-
2.1128080£+00

TCORLS(1,1)-
2.1128270E+00
2.0819000E+00
1.9030¥50E+00
1.5577070E+00
1.1222820E+00
0.0000000€+00

TCORLS(2,1)-
~2,8395640€E-01
-2.6258720E~01
-1.5697290E-01
-7.8960160E-03

6.6237290&-02
0.0000000E+00

TCORLS(3,1)-
3679599002
2.62854706-02

-6.4783800E-03
-1.0585390E-02
2.6483120E-03
0.0000000&+00

TCORLS(4,1)-
-1.0031950-02
«4.1554330€ - 04

2.16179706-03
~1.76385208-03
1.1922440E - 04
0.0000000E+00

TGRAV~ '
2.67131208+01
1.63573506+01
9.3644120E+00
5.0908870E+00
2.8163650E+00
0.0000000E+00

TOMGA-
4.0749440E+02
3.4970350E+02
2.5785960E+02
1.6969250E+02
1.0542580E+02
0.0000000E+00

CIFMOM(1,1)-
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000F+00
0.0000000E+00
0.0000000E+00

CLIFMOM(2,1)-
(.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000&+00
0.0000000&+00
0.000000GE+00

CIFMOM(3,1)-
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

CIFMOMC4, 1)~

0.0000000E+00

-2.8395860E-01

2,11239008+00
2.0540900E+00
1.83012808+00
1,45533506+00
9.9525940E-01

-2.8348530E-01
~2.4528320E-01
~1.1860560E-01
2.0126780E-02
6.9901270E-02

3.6668530€-02
1.8311840€-02
-1.1240590€-02
-7.2509280€-03
4.6901670E-03

-9.5433580E-03
2.1385500€-03
7.5138850E - 04
-1.6178210E-03
6,4708220E-04

2.3788780E+01
1.4324270E+01
8.0567000€+00
4.3842720E+00
2.3893230€+00

3.9888640€+02
3.2828990E+02
2.3415240E+02
1.5151820E+02
2.1191170E+01

0.0000000&+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.,0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000&+00
0.0000000E+00

0.00000008+00

3.6795370E-02

2.10904306+00
2.01544006+00
1. 74746008+00
1.35247306+00
8.6397670E-01

-2.8069860E-01
-2.21790106-01
-7.9414780E-02
4.1191160E-02
6.7864180E+02

3.5503340€-02
9.3658650E-03
-1.3291510€E-02
-3.7034940E-03
5.6660960E-03

-7.34541208-03
3.3167530E-03
~5.,4787870E-04
~1.1591070E-03
9.5514920E-04

2.10800806+01
1.2497370E+01
6.9181700E+00
3.8037450E+00
2.0067140E+00

3,85789606+02
3.0557420E+02
2.1135070E+02
1.3548440E+02
7.7711350E+01

0.0000000E+00
0.0000000E+00
0.0000000€E+00
0.0000000E+00
0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.0000000E+CO
0,0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

N
,X>
e

0.,0000000E+00

-1.0032110e-02

2.09971308+00
1,9650790E+00
1.6358360E+00
1.24209608+00
7.17917408-01

-2.74120106-01
-1.92011408-01
~4,1653340E-02
5 .6578030E-02
5.9955730€-02

3.2182650€-02
6.8247090E-04
-1.2868800E-02
-2.T365720E-04
5.5238120€-03

-3.9081030&-03
3.1949230€-03
~1.4270480E-03
=5.3110440E-04
1.0020020€-03

1.8609220€+01
1.0844640E+01
5.9310100E+00
3.2878390E+00
1.6345970E+00

3.6914690E+02
2.8188530€+02
1.8970650E+02
1.2024650E+02
6.38621308+01

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.0000000E+00
0.0000000E+Q0
0.0000000&+00
0.0000000&+00
0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000€+00
0.0000000E+00



0.,0000000€+00 0.00000008+00 0.00000008+00 0.00000008+00
0,00000008+00 0.0000000&+00 0.0000000E+00 0.00000008+00
0.00000008+60 0.00000008+00 0.0000000€+00 0.00000008+00
0,0000000€+00 0.00000008+00 0.0000000E+00 0.00000008+00
0.00000008+00 0.00000008+00 0.0000000E+00 0.00000008+00
0.0000000E+00
DELTIM-
0.00000008+00 0.0000000E+00 0.0000000E+00 0.00000008+00
0.9000000E+00 0.0000000€+00 0.00000008+00 0,0000000€+00
0.,00000008+00 0.0000000E+00 0.00000008+00 0,0000000E+00
0.00000006+00 0.0000000E+00 0.00000008+00 0.0000000E+00
0.00000008+00 0.00000008+00 0.0000000E+00 0.0000000£+00
0.00000008+00
OF FMAS-

0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.00000008E+00 0,00000008+00 0.0000000€+00
0.0000000E+00 0,0000000E+00 0.0000000€+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00 0,00000008+00
0.0000000E+00 0.0000000¢+00 0.0000000E+00 0.0000000E+00
0.0000000&+00

0.704375€-01 -0,109351 0.1057636-01 -0.13515¢

0.396756 0,195642 0.313000 0.557743

-0.649376 -0.709698 -0,811690 -0.750139

0.644929 0.667904 0.493030 0.328551
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Appendix B

Module 2 Interactive Run Listing
and Output Files
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THIS 18 THE INTERAGTIVE RUN LISTING FOR MODULE 21

Program For Analysis Of Horizontal Axis Wind Turbine
Response To Dynamic Loads

~  MODULE 2

Operations Menu

(RYead in & data file
(S)et uUp and run the model
(Dyfagnostic run
(Tiurbulence analysis
(Qiuit

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

Enter. the name of the file that contains run-data >
Reading in new data...done.

Operations Meru

LR T “esusun

(RYead in a data file
(S)et up and run the model
(D)iagnostic run
(Tiurbulence analysis
(Wit

Enter Option (R,$,P,T,Q) >

Current values for the ffree! variables:

1 ALENTH = 6.7900 feet 12 PHIAMP = 0.0000 degrees

2 ALPHAQ = -4.0000 degrees 13 PHIOMG = 0.0000 degrees/sec
3 BETAO = 7.0000 degrees 14 PSISHD =  180.0000 degrees

4 CHI = 0.0000 degrees 15 PSIZ2ER = 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 KSHADW = 1 18 THETAP = 2.0000 degrees

8 NBLADS = 2 19 THETAT = 4.0000 degrees

9 NSHAPS = 2 20 TSUBO = 0.0500

10 OMEGA = 60.0000 RPM 21 TSuBP = 0.0500

11 PHIO = 13,0000 degrees 22 VHUB = 33,6400 feet/second
23 TIMINC = 0.041660 secornds 24 NUMSCH = 100

Would you like to charge any values? (Y,=N) >

The current values of the run parameters are:

it

STEPMX 10,000 degrees Maximum Step Size

STEPMN = 0.001 degrees Minimum Step Size

PRINT1 =  10.000 degrees Printout Interval in Region 1

PRINT2 = 10,000 degrees Printout Interval in Region 2

BEGIN2 = 180.000 degrees Beginning of Print Region 2

END2 = 270.000 degrees End of Print Region 2

EUERR = 10.000 percent Max value of Euler error function
TRMERR = 10,000 percent Convergence Criterion for Trim Solution

O ~N U N o

B-2



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 number of variable you wish to change >
Enter new REAL value for STEPMX >

The current values of the run parameters are:

1 STEPMX = 5.000 degrees Maximum Step Size

2 STEPMN = 0.007 degrees Minimum Step Size

3 PRINT1 =  10.000 degrees Printout Interval in Region 1

4 PRINT2 = 10.000 degrees Printout Interval in Region 2

S BEGIN2 = 180.000 degrees Beginning of Print Region 2

& ENDZ2 = 270.uUvv degrees End of Print Region 2

7 EUERR = 10.000 percent Max value of Euler error function

8 TRMERR =  10.000 percent Cohwergence Criterion for Trim Solution
9 NYAW = 0 No. of Disk Revolutions for Yawing Soln.
10 TRACEF = .FALSE. Trace Flag

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

Enter nuwber of variable 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 STEPMN = 0.001 degrees Minimum Step Size

3 PRINTY = 10.000 degrees Printout Interval in Region 1

4 PRINT2 = 10.000 degrees Printout Interval in Region 2

S BEGIW2 = 180.000 degrees Beginning of Print Region 2

6 END2 = 270.000 cegrees End of Print Region 2

7 EUERR = 5.000 percent Max value of Euler error function

8 TRMERR = 10.000 percent Convergence Criterion for Trim Solution
9 NYAW = 0 No. of Disk Revolutions for Yawing Soln.
10 TRACEF = .FALSE. Trace Flag

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

Enter mumber of variable you wish to change >
Enter new REAL value for TRMERR >

The current values of the run parameters are:

1 STEPMX = 5.000 degrees Maximm Step Size

2 STEPMN = 0.001 degrees Minimm Step Size

3 PRINT1 = 10.0CO degrees Printout Interval in Region 1

4 PRINTZ = 10.000 degrees Printout Interval in Region 2

5 BEGINZ = 180.000 degrees Beginning of Print Region 2

& END2 = 270.000 degrees End of Print Region 2

7 EUERR = 5.000 percent Max value of Euler error function

8 TYRMERR = 5.000 percent Convergence Criterion for Trim Solution
9 NYAW = 0 No. of Disk Revolutions for Yawing Soln.
10 TRACEF = .FALSE. Trace Flag

g
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I

Do you want to change any of these values? (Y,=N) >
Product of CMMASS premultiplied by its inverse:

1.0000000  0.0000000
0.0000000  1.0000000

Are you ready to run the model? (=Y,N) >
Enter name of results file [=RESULTS.DAT] >
>>> File already exists <<<
Do you want to overwrite the 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 perform fourier analysis of
any of the results data?

note: shaft loads harmonics will appear in
the shaft loads file.

Read in the result data item #
that you want analyzed

flapwise displacement
flapwise siope

flapwise segment velocity
btade tension

blade edgewise shear
blade flapWise shear
blade flapwise moment

= blade edgewise moment

= blade torsional moment

"

it

7
2
3
4
5
6
7
8
9

Read in thce highest order harmonic desired
Do you want to perform fourier analysis of
any of the results data?

note: shaft Loads harmonics will appear in
the shaft loads file.

Read in name of shaft loads output file <
SHAFTB.DAT

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

Operations Menu

(R)ead in a data file
(S)et up and run the model
(D)iagnostic run
(T)urbulence analysis
(RDuit

Enter Option (R,S,D,T,Q) >
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Turbulence Analysis Run Set-up

Read in the name of the wind residual time series file

WIND-2B.DAT
Is the Wind data in metric units (meters/sec)?
Y -

Read in the name of the file for loads output
turblodb.dat

Operations Menu

PR T T TR P P ey

(R)ead in a data file

(S)et up and run the model
(DYiagnostic run

(T)urbulence analysis

(@uit

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

Invalid response. Please try again.

Enter Option (R,S,0,T,Q) >

FLAP terminated normally.

ny



TURBN.DAT

Analysis of Wind Turbine Blade Loads
National Renewable Energy Lab

DATA INPUT FOR THE EXAMPLE TWO BLADED, DOWNWIND

80 FT DIAM. RIGID HUB ROTOR

ALENTH =
ALPHAQ =
BETAO =
BLSHNK =
BLTIP =
CHI =
CSUBMA =
DRGFRM =
EUERR =

KSHADW

6.790 feet
-4.000 degrees
7.000 degrees
0.800 feet
38.000 feet
0.000 degrees
0.015

0.003

5.000 percent

NBLADS =

HUBHT
HUBRAD
OMEGA
PHIAMP
PHIOHG
PHIO
PSIZER
RHOAIR
SHERXP

2

80.000 feet

2.000 feet

60.000 RPM

0.000 degrees
0.000 deyrees/sec
13.000 degrees
20.000 degrees
0.002 slugs/ft 3
0.164

NSHAPS =

2

STEPMX
STEPMN
TSUBP
TSUBO
THETAP
THETAT
TRMERR
viiue

®

"

5.000 degrees
0.001 degrees
0.050

0.050

2.000 degrees
4.000 degrees
5.000 percent
33.640 feet/second

NYAHW = 0



Blade section flap displacement ( feet ) Trim Solution

Psi Time Phi  Ph1-D Phi-DD X / R

¢ 0.00 13.0 0.00 0.00 0.00 1.86E-3 B8.52E-3 2.056-2 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.'BE-2 6.93E-2 0.1 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 0.1 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 4.28E-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 2.01€-3 9.25E-3 2.23E-2 4.21E-2 7.06E-2 0.11 0.16 0,23 0.30 0.37
60 0.00 13.0 0.00 0.00 0.00 2.126-3 9.71E-3 2.34E-2 4.40E-2 7.336-2 0.11 0.17 0.23 0.30 0.37
70 0.00 13.0 0.00 0.00 0.00 2.236-3 1.01E-2 2.43E-2 4.56E-2 7.556-2 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 7.328-2 0,11 0.16 0.23 0.30 0.37
90 0.00 13.0 0.00 0.00 0.00 1.97€-3 9.056-3 2.,18E-2 4.11E-2 6.88E-2 0.1 0.16 0.22 0.29 0.36

100 0.00 13.0 0.00 0.00 0.00 1.926-3 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 1.936-3 8.77€-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 B8.68E-2 0.13 0.18 0.23 0.29
140 0.00 13.0 0.00 0.00 0.00 1.49€-3 6.B4E-3 1.65E-2 3.10E-2 5.19E-2 B8.07E-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 3.056-2 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 0.1 0.15 0.19 0.24
170 0.00 13.0 0.00 0.00 0.00 1.336-3 6.05€-3 1.45-2 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 4.956-3 1.20E-2 2.27E-2 3.85E-2 6.10E-2 9.126-2 0,13 0.17 0.22
190 0.00 13.0 0.00 0.00 0.00 8.536-4 4.036-3 9.79E-3 1.87E-2 3.20E-2 5.13E-2 7.78£-2 0.1 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 7.19€E-2 9.81€-2 0.13 0.16
210 0.00 13.0 0.00 0.00 0.00 1.17-3 5.14E-3 1,22E-2 2.26E-2 3.63E-2 5.33(-2 7.32E-2 9.54E-2 0.12 0.14
220 0.00 13.0 0.00 0.00 0.00 1.086-3 4.82E-3 1.156-2 2.15€-2 3.51E-2 5.286-2 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 5.426-2 B.09E-2 0.1 0.15 0.19
240 0.00 13.0 0.00 0.00 0.00 1.20E-3 5.52E-3 1.33g-2 2.52E-2 4.236-2 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 B8.51E-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.B4E-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 1.80E-3 8.75E-3 2.11E-2 4.00E-2 6.758-2 0.11 0.16 0.22 0.29 0.37
290 0.00 13.0 0.00 0.00 0.00 2.15€-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 7.77E-2 0.12 0.17 0.24 0.31 0.38
310 0.00 13.0 ©0.00 0.00 0.00 2.156-3 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 1.956-3 9.01E-3 2.17E-2 4.11E-2 6.926-2 0.1 0.16 0.22 0.30 0.37
330 0.00 13.0 0.00 0.00 0.00 1.986-3 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 9.50€-3 2.28E-2 4.28E-2 7.07E-2 0.1 0.16 0.21 0.28 0.34
350 0,00 13,0 0.00 0.00 0.00 2.03e-3 9.226-3 2.21€-2 4.15E-2 6.B8E-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 B8.52E-3 2.05E-2 3.87E-2 6.48E-2 0.10 0.15 0.21 0.27 0.34
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Blade section flapwise stope ( feet/foot ) Trim Solution

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

0 o0.00 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 1.086-3 2.44E-3 3,92E-3 5.75E-3 8.14E-3 1.10E-2 1.40E-2 1.656-2 1.78E-2 1.B1E-2
20 0.00 13.0 0.00 0.00 0.00 1.176-3 2.64E-3 4.23E-3 6.11E-3 B.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 1.238-3 2.76E-3 4.41E-3 6.35E-3 8.73E-3 1.156-2 1.42E-2 1.64E-2 1.76E-2 1.79E-2
40 0,00 13.0 0.00 0.00 0.00 1.19E-3 2.69E-3 4.31E-3 6.28E-3 8.80E-3 1.18E-2 1.4BE-2 1.73E-2 1.87E-2 1.90E-2
50 0.00 13.0 0.00 0.00 0.00 1.17€-3 2.65E-3 4,26E-3 6.256-3 8.87E-3 1.21E-2 1.53E-2 1.80E-2 1.95€-2 1.98E-2
60 0.00 13.0 0.00 0.00 0.00 1.236-3 2.7BE-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 1.286-3 2.88E-3 4.61€-3 6.66E-3 9.19E-3 1.21€-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 1.8BE-2 1.90E-2
90 0.00 13.0 0.00 0.00 0.00 1.156<3 2.59E-3 4,16E-3 6.09E-3 B.616-3 1.16E-2 1.48E-2 1.73E-2 1.87E-2 1.90E-2

100 0.00 13.0 0.00 0.00 0.00 1.11€-3 2.51€-3 4.036-3 5.89€-3 B8.296-3 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 1.11€-3 2.50E-3 4.00E-3 5.78E-3 8.00E-3 1.06E-2 1.326-2 1.52E-2 1.64E-2 1.66E-2
120 0.00 13.0 0.00 o0.00 0.00 1.05e-3 2.37E-3 3.79E-3 5.46E-3 7.53E-3 9.93E-3 1.236-2 1.43E-2 1.53E-2 1.55E-2
130 0.00 13.0 0.00 0.00 0.00 9.39€-4 2.12E-3 3.40E-3 4.95E-3 6.94E-3 9.31E-3 1.17E-2 1.37E-2 1.4BE-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 B.72E-3 1.70E-2 1.29E-2 1.40E-2 1.42E-2
150 0.00 13.0 0.00 0.00 0.00 8.58E-4 1.93E-3 3.09E-3 4.47E-3 6.18E-3 8,186-3 1.02E-2 1.1BE-2 1.27€-2 1.29€-2
160 0.00 13.0 0.00 0.00 0.00 8.41€-4 1.89€-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 7.426-3 9.30E-3 1,08E-2 1.16E-2 1.18E-2
180 0.00 13.0 0.00 0.00 0.00 6.27E-6 1.43E-3 2.30E-3 3.42E-3 4.97E-3 6.91E-3 8.956-3 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.B5E-3 4.23E-3 6.00E-3 7.8B9E-3 9.47E-3 1.04E-2 1.05E-2
200 0,00 13.0 0.00 0.00 0.00 5.58e-4 1.256-3 2.00E-3 2.88E-3 3.94E-3 5.16E-3 &6.37€-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 2.1BE-3 3.08E-3 4.11€-3 5.236-3 6.31E-3 7.156-3 7.60E-3 7.6BE-3
230 0.00 13.0 0.00 0.00 0.00 5.59E-4 1.27€-3 2.04E-3 3.04E-3 4.41E-3 6.12E-3 7.92E-3 9.40E-3 1.026-2 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 5.356-3 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.B7E-3 6.62E-3 B8.60E-3 1.06E-2 1.21E-2 1.29E-2 1.31E-2
260 0.00 13.0 0.00 0.00 0.00 1.086-3 2.42E-3 3.87E-3 5.556-3 7.58E-3 9.906-3 1.226-2 1.40E-2 1.50E-2 1.52€-2
270 0.00 13.0 0.00 0.00 0.00 1.07e-3 2.42E-3 3.89E-3 5.71E-3 8.126-3 1.10E-2 1.41E-2 1.65€-2 1.798-2 1.82E-2
280 0.00 13.0 0.00 0.00 0.00 1.11€-3 2.51E-3 4.04E-3 5.996-3 B8.62E-3 1.19E-2 1.53E-2 1.B1E-2 1.96E-2 1.99E-2
290 0,00 13.0 0.00 0.00 0.00 1.25E-3 2.B1E-3 4.S0E-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 1.326-3 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 1.24g-3 2.81E-3 4.50E-3 6.556-3 9.18E-3 1.23E-2 1.556-2 1.81E-2 1.95E-2 1.98E-2
320 0.00 13.0 0.00 0.00 0.00 1.146-3 2.59E-3 4.15E-3 6.13E-3 8.78E-3 1.20E-2 1.54E-2 1.826-2 1.97E-2 2.00E-2
330 0.00 13.0 0.00 0.00 0.00 1.156-3 2.60E-3 4.17E-3 6.10E-3 8.61E-3 1.16E-2 1.47E-2 1.73E-2 1.B7E-2 1.89E-2
340 0.00 13.0 0.00 0.00 0.00 1.21€-3 2.71E-3 4.33E-3 6,23E-3 8.57E-3 1.13E-2 1.39%E-2 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 1.376-2 1.58E-2 1.70E-2 1.72E-2
360 0.00 13.0 0.00 0.00 0,00 1.086-3 2.44E-3 3.91€-3 5.73E-3 8.106-3 1.10E-2 1.39E-2 1.63E-2 1.76E-2 1.79E-2



Blade section flap velocity ( feet/second )
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100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
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280
290
300
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340
350
360

sec

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
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0.00
0.00
0.00
0.00
0.00
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

deg

13.0
13.0
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13.0
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13.0
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13.0
13.0
13.0
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00

0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.0

0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

A

-4.54E-3
4 45E-3
6.69E~3
~2.04E-4
-3.86E-3
1.38E-3
5.526-3
5.85€-4
-6.01E-3
-4.68E-3
3.94E-4
-6.87E-4
~6.58E-3
-7.126-3
-1.83E-3
5.66E-4
-2.84E-3
-7.40E-3
-1.06E-2
~2.17€-3
9.03e-3
2.326-3
-7.17€-3
1.11€-3
1.57€-2
1.45€-2
1.37€-3
-2.21E-3
6.78E-3
9.83E-3
~4.23E-4
-8.76E-3
~3.50E-3
4.64E-3
1.84E-3
-6.01E-3
-4.58E-3

.2

-1.76E-2
1.786-2
2.70E-2
5.25€~4

-1.37€-2
6.20E-3
2.16E-2
1.836-3

~2.44E-2

-1.996-2

-8.36E-4

-5.37€-3

-2.83E-2

-3.03E-2

-9.58E-3
7.79€-5

-1.26E-2

-3.02E-2

~4.42E-2

-1.27€-2
3.25E-2
9.21E-3

~2.50E-2
8.94E-3
6.62E-2
6.18€-2
1.07€-2

~h.25E-3
2.90E-2
3.936-2

-1.71E-3

-3.49E-2

~1.51E-2
1.63E-2
5.78E-3

~2.40E-2

-1.77E-2

3

-4,04E-2
4,15E-2
6.28E-2
2.13e-3

-3.06E-2
1.498-2
4.99E-2
3.918-3

~5.69E-2

-4.71€-2

-3.57€-3

-1.428-2

-6.70E-2

-7.16€-2

-2.38¢-2

-1.30E-3

-3.01E-2

-7.07TE-2

-0.10

~3.218-2
7.30E-2
2.13E-2

-5.56E-2
2.38E-2
0.16
0.15
2.84E-2

~6.T6E-3
6.88E-2
9.13€-2

~3.97¢-3

-8.10E-2

-3.59€-2
3.63E-2
1.24E-2

~5.57€-2

-4 .08E-2

o

-7.00E-2
7.33-2
0.11
6.76E-3

-5.01E-2
2.78E-2
8.71E-2
5.77E-3

-0.10

~8.59E-2

1172

-3.10E-2

-0.12

-0.13

~4.70-2

-7.196-3

-5.50E-2

-0.13

-0.19

-6.56E-2
0.12
3.756-2

-9.00E-2
5.21E-2
0.28
0.27
6.20E-2

-1.616-3
0.13
0.16

-7.04E-3

-0.14

-6.586-2
5.89E-2
1.826-2

-9.826-2

-7.078-2

B-9

.5

-9.67E-2
0.1
0.16
2.05€-2

-5.858-2
4.58E-2
0.12
4.29E-3

-0.15

-0.13

~3.63E-2

~6.59E-2

-0.19

-0.20

-8.62E-2

~2.T9E-2

-9.08E-2

-0.19

-0.29

-0.13
0.15
5.35€-2

-0.10
0.1
0.44
0.42
0.13
3.46E-2
0.20
0.23

-1.03e-2

-0.21

-0.10
6.69E-2
1.36E-2

-0.14

-9.76E-2

.6

~0.11
0.13
0.20
5.15€-2
-3.72E-2
6.97E-2
0.14
-4.69E-3
-0.19
-0.19
-9.18E-2
~0.13
-0.28
-0.28
~0.15
«7.71E-2
-0.14
<0.24
-0.39
-0.23
0.1
6.40E-2
-5.19€-2
0.22
0.61
0.59
0.26
0.13
0.28
0.28
-1.29€-2
-0.25
-0.15
3.7€e-2
~1.46E-2
-0.17
-0.11

7

-9.03E-2
0.9
0.22
0.1
2.63E-2
0.10
0.13

-2.44E-2

-0.21

-0.24

-0.19

-0.24

-0.37

-0.37

«0.24

-0.17

-0.19

-0.28

-0.49

-0.40

-2.896-2
6.40E-2
8.63E-2
0.41
0.78
0.78
0.48
0.32
0.37
0.30

-1.40E-2

-0.26

-0.20

-4 .89E-2

-7.66E-2

-0.18

-9.14E-2

.8

~4.29€-2
0.13
0.21
0.18
0.14
0.14
8.81E-2
-5.55E-2
-0.22
-0.30
-0.33
-0.39
~0.46
-0.45
-0.37
-0.29
-0.25
-0.29
-0.57
-0.62
-0.27
$.21E-2
0.32
0.66
0.94
0.96
0.78
0.59
0.46
0.27
-1.35E-2
-0.22
-0.25
-0.20
-0.17
-0.16

.9

2,T9E~2
0.10
0.18
0.28
0.29
0.18
1.99€-2
-9.50E-2
-0.20
-0.35
-0.50
-0.57
-0.55
-0.53
-0.52
-0.45
-0.32
-0.29
-0.63
-0.89
-0.58
3,08E-2
0.62

0.55

0.20
-1.17E-2
-0.16
-0.31
-0.39
-0.30
-0.11

1.0

0.1
6.67E-2
0.14
0.38
0.45
0.22
-5.90E-2
-0.14
-0.18
-0.41
-0.69
-0.76
-0.65
-0.61
-0.67
-0.62
-0.39
-0.28
-0.69
-1.2
-0.93
5.57-3
0.96
1.3
1.2
1.3
1.5
1.3
0.64
0.12
-9.23€-3
-7.80E-2
-0.37
-0.60
-0.43
-6,096-2

-4.39E-2 2.72E-2 0.11



Blade tension ( Lb ) Trim Solution

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

0 0.00 13.0 0.00 o0.00 1.52E+4  1.46E+4 1.33E+4 1.176+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 1.526+4 1,46E+4 1.33E+4 1.17E+4 9.88E+3 B.12E+3 6.54E+3 5.236+3 4.07E+3 3.00E+3 0,00
20 0.00 13.0 0.00 0.00 1.536+4  1.46E+4 1.33E+4 1.1TE+4  9,90E+3 B.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+4  1,46E+4  1.34E+4  1.1TE+4  9.92E+3 B.15E+3 6.56E+3 5.24E+3 4.0BE+3 3.01E+3 0.00
40 0.00 13.0 0.00 0.00 1.566+4  1,4TE+4  1.34E+6  1,18E+4 9.95E+3 8,17E+3 6.578+3 5,26E+3 4.09E+3 3,02E+3 0.00
50 0,00 13.0 0.00 0.00 1.556+4 1,48E+4  1.35E+4 1.18E+4 9,99E+3 B.20E+3 6.59E+3 5.27E+3 4.10E+3 3,036+3 0.00
60 0.00 13.0 0.00 0.00 1.57E+4 1,496+4 1.35E+4  1.19E+4 1.00E+4 B.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 1.586+4 1.508+4 1.36E+4 1.19E+4 1.01E+4 B.27E+3 6.64E+3 5.31E+3 4.13E+3 3.056+3 0,00
80 0.00 13.0 0.00 0.00 1.59E+4 1.57E+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 1,526+4 1.38E+4 1.21E+6 1.02E+4 B8.34E+3 6.70B+3 5.35E+3 4.16E+3 3,07E+3 0.00

100 0.00 13.0 0.00 0.00 1.626+4  1.53B+4 1.39E+4 1.21E+4 1,02B+4 B8.3BE+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+6 1.40E+4 1.22B+4 1.03E+4 B.42E+3 6.7SE+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 B.45E43 6.7BE+3 5.41E+3 4.21E+3 3.10E+3 0.00
130 0.00 13.0 0.00 0.00 1.66E+4  1.5TE+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 1.67E44  1.57E+4  1.42E+4 1.20E+4 1,04E+4 B.S1E+3 6.B2E+3 5.44E+3 4.238+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 4,26E+3 3.128+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 3.0 0.00 0.00 1.69€+4  1.59E+4 1.43E+4 1.25E+4 1,05B+4 8.56E+3 6.86E+3 5.4TE+3 4,256+3 3.136+3 0,00
180 0.00 13.0 0.00 0.00 1.696+4 1.59E+4 1.43E+4 1.25E+4 1,05E+4 8.56E+3 6.86E+3 5.47TE+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 1,25B+4 1,05B+4 B.56E+3 6.BGE+3 S5.4TE+3 4,25E+43 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 B.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 1.686+4  1.5BE+4 1.43E+4  1.24E+4  1,04E+4  B.54E+3 5.BLE+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 B,52E+3 6.83E+3 5.44E+3 4.23E+3 3,12E+43 0.00
230 0.00 13.0 0.00 0.00 1.66E+4 1,57E+4  1.41E+4  1.23E+4  1.04E+4 B.AOE+3 6.81E43 5.43E+3 4.22E+3 3.11E+3 0,00
240 0.00 13.0 0.00 0.00 1.65E+4 1.56B+4 1.41E+44 1.23B+4 1.03E+4 B.46E+3 6.78BE+3 5.41E+3 4.21E+3 3.10E+3 0.00
250 0.00 13.0 0.00 0.00 1.64E+4 ‘| B5E+4  1.40E+4 1.226+4 1,03E+4 B.42E+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  1.56E+4  1.39E+4 1.21E+4  1,02E+4 B.3BE+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+3 6.70E+3 5.35E+3 4.16E+3 3.07E+3 10.00
280 0.00 13.0 0.00 0.00 1.59E+4  1.51E+4  1,376+4 1.206+4 1.01E+4 8.31E+3 6.67E+3 5.33E+3 4.158+43 3.06E+3 0.00
290 0.00 13.0 0.00 0.00 1.586+4 1.50E+4 1.36E+4 1.196+4 1,01E+4 8.27E+3 6,64E+3 5,31E+3 4.13E+43 3.05€+3 0,00
300 0.00 13.0 0.00 0.00 1.57E+4  1.496+4 1.35E+4 1.196+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 1.556+4 1.48E+4 1.35E+4 1.1BE+4 9.99E+3 B8.20E+3 6.59E+3 5.27E+3 4.10E43 3.03E+3 0.00
320 0.00 13.0 0.00 0.00 1.54E+4 1.4TE+4  1.34E+4 1.18E+4 9.95E+3 B.17E+3 6.57E+3 5.25E+3 4.09E+3 3.02E+3 0.00
330 0.00 13.0 0.00 0,00 1.53E+4 1.46E+4 1.33E+4 1.17E+4 9.92E+3 B8.15E+3 6.56E+3 5.24E+3 4.08E+3 3.01E+3 0.00
340 0.00 13.0 0.00 0.00 1.53E+4  1.46E+4  1.33E+4 1.17€+4 9.90E+3 B.13E+3 6.54E+3 5.23E+3 4.08E+3 3.016+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.BBE+3 B.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 1.52B+4 1.46E+4 1.33E+6 1.17E+4 9.B8E+3 8.12E+3 6.54E+3 5.23E+3 4.07E+3 3.00E+3 0.00

B-10



Blade edgewise shear ( Lb ) Trim Solution

pPsi Time Phi  Phi-D Phi-pD X / R
deg sec deg deg/s deg/s 2 .0 | .2 .3 4 .5 N 7 .8 .9 1.0
0 0.00 13.0 0.00 0.00 3.29E+42 3.19E+2 2.99E+2 2.70E+2 2.34E+2 1.936+2 1.52B+2 1.14E+2 77. 42, 0.00
10 0.00 13.0 0.00 0.00 4. 76E+2 4.34E+2 3.88842 3.37E+2 2.B4E+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.T4E+2 4.03E+2 3.32B+2 2.65E+42 2.05E+2 1.53E+2 1.07E+2 64, 0,00
3 0.00 13.0 0.00 0.00 7.536+2 6.53E+2 S5.57E+2 4.65E+2 3.79E+2 2.99E+2 2.308+2 1,.71E+2 1.20E+2 73, 0.00
40 0,00 13.0 0.00 0,00 8.75E+2 T7.48E+2 6.30F+2 5.21E+2 4.20E+2 3.20E+2 2.52E+2 1.8B8E+2 1.32E+2 82. 0.00
S0 0.00 13.0 0.00 0.00 9.7TTE+2 8.2BE+2 6.91E+2 5.67TE+2 4.54B+2 3.54E+2 2.70E+2 2.016+2 1.426+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.BOE+2 3,73E+2 2.84E+2 2.12E+2 1.50E+42 96, 0.00
70 0.00 13.0 0,00 0.00 1.126+43 9.40E42 7.778+2 6.30E+2 5.00E+42 3.87E+2 2.93E+2 2.19E+2 1.56E+2 9.97E+1 0.00
8¢ 0.00 13.0 0.00 0.00 1.16E+3 9.68E+2 7.9TE+2 6.456+2 5.10E+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 1.17TE+3  9.74E+2 B.01E+2 6.47E+2 5,10E+2 3.93E+2 2.97€+2 2,22E+2 1.5BE+2 1.026+2 0.00
100 0.00 13.0 0.00 0.00 1.156+3 9.586+2 7.87E+2 6.35E+2 5.00E+2 3.858+2 2.918+2 2.178+2 1,55E+2 1.00E+2 0.00
110 0.00 13.0 0.00 0.00 1.10E+3 9.22B+2 7.58E+2 6.11E+42 4.B1E+2 3.70E+2 2.80E+2 2.09E+2 1.49E+2  96. 0.00
120 0.00 13.0 0.00 0.00 1.04E+3 B.6TE+2 T7.14E+2 5.77E+2 &4.54E+2 3.49E+2 2,64E+2 1.9TE+2 1.40E+2  90. 0.00
130 0.00 13.0 0.00 0.00 9.45E+2 7.94E+2 6.57TE+2 5.32842 4.196+2 3.22E+2 2.44E+2 1.B1E+2 1,2BE+2 83, 0.00
140 0.00 13.0 0.00 0.00 8.33E+2 T7.05E+2 5.86E+2 4.76E+2 3.T6E+2 2.90E+2 2.19E+2 1.63E+2 1.1SE+2 T4, 0.00
150 0.00 13.0 0.00 0.00 T.06E+2 6.04E+2 5.06E+2 4,14E+2 3.29E+2 2.54E+2 1,926+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 3.4TE+2 2.7BE+2 2.16B+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 2.0BE+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. 1.47E+2  1.23E+2 1,16E+2 1.02E+2  BS. 67. 49. 32. 16. 0.00
200 0.00 13.0 0.00 0.00 22, 28. 58. 7. . 63. 52. 38. 23, 8.7 0.00
210 0.00 13.0 0.00 0.00 -1.57e+2 -78. 24, 8.3 2. 28. 26. 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 2.086-2 -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 ~4.6TE+2 -3.22E+2 -2.12E+2 -1.34E+2 -82. -49. -31. -2h. -24. -25, 0.00
250 0.00 13.0 0.00 0.00 -5.25E42 -3.66E+2 -2.45E+2 -1,586+2 -98. -61. -39. -31. -28. ~29. 0.00
260 0.00 13.0 0.00 0.00 -5.56E+2 -3,88E+42 -2.60E+2 -1.6TE+2 -1.04E+2 -64. -1, -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.T5E+2 -2,46E+2 -1.54E+2 -90. -51. -30. -23. -23. -27. 0.00
290 0.00 13.0 0.00 0.00 <4, 97E+2 -3.3BE+2 -2,16E+2 -1.20E+2 -70. -35. -17. -13. -16. -22. 0.00
300 0.00 13.0 0.00 0.00 -4.26E+2 -2.80E+2 -1.69E+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.,26E42 -1.19E+2 -42, 8.1 37. 47. 45, 34. 18. 0.31 0.00
330 0.00 13.0 0,00 0.00 ~1.026+2  -22. 34. 67. 81. a1, 70. 53, 32. 10. 0.00
340 0,00 13.0 0,00 0.00 35. 87, 1.198+42  1.32E+2 1.31E+2 1.176+2 97, 73. a7, 21, 0.00
350 0.00 13.0 0.00 0.00 1.816+2 2.03E+2 2.098+2 2.01E+2 1.838+2 1.56E+2 1.25E+2 93, 62. 3. 0,00
360 0.00 13.0 0.00 0.00 3.29E+2 3.19E+2 2.99E+2 2.TO0E+2 2.34E+2 1.93E+2 1.52BE+2 1.14E+2 77, 42, 0.00



Blade flapwise shear ( Lb ) Trim Solution

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

deg sec deg deg/s deg/s*2 .0 A 2 3 b .5 .6 T 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 4.43E+2 3.55E+2 2.03E+2 1.2 0.00
10 0.00 13.0 0.00 0.00 -70. 5.7 1.38E42 2.7BE+2 3.94E+2 4.54E42 4.44E+2 3.S7E+2 2,06E42 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.TTE+2 4.50E+2 3.528+2 1.95E+2 -10. 0.00
30 0.00 13.0 0.00 0.00 35, 1.11642  2.37B+2 3.64E+2 4,5BE+2 4.92E+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. 2.00B42 3.34E+2 4.39E42 4.BSE+2 4.64E+2 3.60E+2 2.12E+2 4.8 0.00

50 0.00 13.0 0.00 0.00 -38. 4. 1.75E+42 3.14E+2 4.26E+2 4.B1E+2 4.69E42 3,80E+2 2.26E+2 18, 0.00
60 0.00 13.0 0.00 0.00 4.9 8é. 2.186+2 3.51B+2 4.52E+2 4.95E+2 4.73B42 3.77E+2 2.19E+2 10, 0,00

70 0.00 13.0 0.00 0.00 47, 1.30E+2 2.61E+2 3.8BE+2 4.VBE+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 4.698+2 3.70E+2 2.128+2 3.7 0.00
90 0.00 13.0 0.00 0.00 -56. 34. 1.7T4B+2 3.13E+2 4.21B+2 4.TOE+2 4.588+2 3.708+2 2.178+2 11, 0.00

100 0.00 13.0 0.00 0.00 -68. 26. 1.67€+2 3.06E+2 411642 4.58E+2 4.46E+2 3.58E+2 2,086+2 4.0 0,00
110 0.00 13.0 0.00 0.00 4. 53. 1.936+2 3.26E+2 4.19E+2 4.55E+2 4.33E+2 3.39E+2 1.B6E+2 14, 0.00

120 0.00 13.0 0.00 0.00 -75. 26. 1.696+2 3.03E+2 3.98E+2 4.35E+2 4.16B+2 3,25E+2 1.756+2 -22. 0.00
130 0.00 13.0 0.00 0,00 -1.48E42  -44. 1.04E+2 2.46E+2 3.52E+2 4.03E+2 3.98E+2 3,17E42 1.75E+2 19, 0.00
140 0.00 13.0 0.00 0.00 -1.86E+2 -79. 72. 2,178+2 3.258+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.B8E+2 1.50E+2 -37, 0.00
160 0.00 13.0 0.00 0.00 -1.738+2 -61. 90, 2.29E+2 3.25E+2 3.68E+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. 1.956+2 2.93E+2 3.45E+2 3.43E+2 2.69E+2 1.398+42 -37. 0.00
180 0,00 13.0 0.00 0.00 -2.98E+2 -1,81E+42 -25. 1.216+2 2,33B+2 3,05E+2 3.21E+2 2.64E+2 1.48E+2 -22. 0.00
190 0.00 13.0 0.00 0.00 -3.73E+2 -2.55E+2 -94. 63, 1.89E+2 2.74B+2 3.03E+2 2.53E+2 1.38E+2 -33, 0.00

200 0.00 13.0 0.00 0.00 -3.12642 -1.95E+2 -37, 1.126+2 2.2QE+2 2.83B+2 2.90E+2 2.25E+2 9.9TE+1 -74. 0.00
210 0.00 13.0 0,00 0,00 -2.20E+2 -1.04E+2 47, 1.82E42 2.71E+2 3,056+2 2.87E+2 2.04E+2 71, =1.01E+2 0.00
220 0.00 13.0 0.00 0.00 -2.726+42 -1.56E+2 -1.3 1.43E+42 2.4BE+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+42 -2.36E42 -T5. 85. 2. 13E+2  2,918+2 3.12E+2 2.54E+2 1.32E+2 -43. 0.00
240 0.00 13.0 0.00 0.00 ~2.76B+42 -1.64E42 <6.5 1.478+42 2.66E+2 3.32E+2 3.43E+2 2.76E+2 1.47E+2 -33, 0.00
250 0.00 13.0 0.00 0.00 ~1.198+¢2 -10. 1.38E+2 2.74E+2 3.68BE+2 4.026+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 1.196+2 -16. 1.34E+2 2.82E+2 3.96E+2 4.S50F+2 4.42E+2 3.57E+2 2.09E+2 9.7 0.00
280 0.00 13.0 0.00 0.00 1.17E+2  -17. 1.32642 2.83E+2 4.03E+2 4.64E+2 4.62E+2 3,80E+2 2.31E+2 27. 0.00

.

1

290 0.00 13.0 0.00 0.00 -15. 80. 2.22E+2 3.60E+2 4.616+2 5.01842 4.TTE+2 3.79E+2 2,216+2 12, 0.00
300 0.00 13.0 0.00 0,00 47. 1.3BE+2 2.75E+2 4.04E+2 4.95E+2 5.22E42 4.83E+2 3.75E+2 2.10E+2 -0.77 0.00
310 0.00 13.0 0.00 0.00 -12, 7. 2.156+2 3.53E+2 4.59B+2 5.03E+2 4.79E+2 3.81E+2 2,208+2 9.5 0.00
320 0,00 13.0 0.00 0.00 -81. 4.5 1.456+2 2.926+2 4.13E+2 4.76E+2 4.70E+2 3.838+2 2.30E+2 20. 0.00
330 0.00 13.0 0.60 0.00 -51. 32. 1.68E+2 3.0BE+2 4.21E+2 4.T5E+2 4.61E+2 3.T0E+2 2.156+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 3.51E+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 4.3TE+2 4, TTE+2 4.48E+2 3,47TE+2 1.89E+2 -17. 0.00
360 0.00 13.0 0.00 0,00 -73. 3.9 1.378+2 2.7BE+2 3.94E+2 4.54E+2 4.43E+2 3.55E+2 2.03E+2 -1.3 0.00



Blade flapwise moment ( ft-Lbs ) Trim Solution

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

o 0,00 13.c 0.00 0,00 “6,458+3 -6,63E+3 «6.46E+3 -5.828+3 -4.TIE+3 -3.33E43 «1.BBE+3 «6.16E+2 1.91B+2 3.618+2 0,00
10 0.00 13.0 0.00 0,00 “6,50B+3 «6.67E+3 -6.49E+3 -5 B5E+3 -4, 76E+3 -3.36043 -1,908+3 -6.388+2 1.76E+2 3.54E+2 0,00
20 0,00 13,0 0.00 0.00 ~7.49E43 -7,39E+3 -6,95E+3 -6,08E+3 -4.B1E+3 -3.30E+3 -1.808+3 -5.378+2 2.46E+2 3.838+2 0.00
30 0,00 13.0 0.00 0.00 ~8.028+3 -7.79B+43 -7.246+3 ~6,268+3 -4 ,916+3 -3.34E+3 -1.80E+3 -5.228+2 2.60EB+2 3.89E+2 0,00
40 0,00 13.0 0.00 0,00 ~7.60E+3 -7,536+3 -7.13E43 -6,28E+3 -5,026+3 -3.508+3 -1.966+3 -6.586+2 1.728+2 3.53E+2 0,00
50 0.00 13,0 0.00 0.00 ~7.33843 -7.37E+3 -7.076+3 -6.30B+3 -5,108+3 -3.62E+3 -2.098+3 -7.618+2 1.086+2 3.276+2 0.00
60 0.00 13.0 0.00 0.00 “T.94E+3 -7.B2E+3 -7.35843 -6.44B+3 -5.13E+3 -3,58E+3 -2.02B+43 -6.99B+2 1.49E+2 3.458+2 0.00
70 0,00 13.0 0.00 0.00 «8.526+3 -8.23E+3 «7.61E+3 ~6.55E+3 -5.13843 -3.51E+3 -1.938+3 -6.11842 2.08842 3.69642 0,00
80 0,00 13.0 0.00 0,00 -8,038+3 -7.888+3 -7.37E+3 -6,41E+3 -5.06E+3 ~3.50843 -1, 99E+3 -6.41642 1.858+2 3.598+2 0,00
% 0.00 13.0 0.00 0.00 <T.A0E+3 -7.19B43 -6,90E+3 -6,138+3 -4.94E+3 -3.496+3 -1.996+3 -7.008+2 1,386+2 3.38E+2 0.00

100 0.00 13.0 0.00 0,00 “6,81E+3 «6.948+3 «6.68E+3 -5 P4E+3 -4 TTE+3 -3,35843 -1,90E+3 «6.38E+2 1.728+42 3.508+2 0,00
110 0.00 13.0 0.00 0.00 ~6.,95E+3 ~6.98E+3 -6.626+3 -5,7T9E+3 4. 5TE+3 -3,13B+3 -1.70E+3 -4.85E+2 2.66E+2 3.86E+2 0,00
120 ©0.00 13.0 0.00 0.00 “6.37E+3 ~6.51E+3 -6.26E+3 -5.498+3 -4.34E+43 -2.97E+3 -1.59843 -4.198+2 2.98E+2 3,96E+2 0,00
130 0.00 13.0 0.00 0.00 <5.25E+3 -5.65E+3 -5.63E+3 -5,00843 -4.128+3 -2.B8E+3 -1,58E+3 -4.43E+2 2.70842 3.81E42 0.00
140 0,00 13.0 0.00 ©.00 =4, 5TE+3 -5,128+3 -5.21643 -4 .79E+3 -3.91E+3 -2,756+3 -1.51E+3 -4.106+42 2.81E+2 3.82E+2 0.00
150 0.00 13.0 0.00 0.00 ~4.5BE+3 -5,07E+3 -5.11E+3 -4, 63E+3 -3.726+3 -2.56643 -1.346+3 -2.8BE+2 3.53E+2 4.08E+2 0.00
160 0,00 13.0 0.00 0.00 “b J46E+3 -4 Q4B+ -4 9TE+I -4 .4BE+3 ~3,578+3 -2.42E+3 -1,23E+3 -2.06E+2 4.00E+2 4.256+2 0.00
170 000 13.0 0.00 0.00 -3.84E+3 -4 45E+3 -4, 60E+3 -4, 23E+3 -3.44E+3 -2.38E43 -1.25E+3 -2.628+2 3.396+2 3.886+2 0.00
180 0.00 13.0 0.00 0.00 ~2,488+3 -3.43E+3 -3.88E+3 -3,78E+3 -3.236+3 -2.34E+3 -1.316+3 -3.62E+2 2.488+2 3.418+2 0.00
190 0.00 13.0 0.00 0.00 ~1.266+3 -2.49E+3 -3,21E+3 -3.33E+3 -2.956+3 -2.188+3 -1.226+3 -3.008+2 2,968+2 3.708+2 0,00
200 0.00 13.0 0.00 0.00 “1.80E+3 -2,79E+3 -3,29E+3 -3.22E+3 -2,686+3 -1,836+43 -8.57TE+2 7.5 5.088+2 4.638+2 0.00
210 0.00 13.0 0.00 0.00 +2.87E+3 -3.52E+3 -3,69E+3 -3,34B+3 -2.596+3 -1.61E+3 -6.01E+2 2.296+2 6.53E+2 5.196+2 0.00
220 0.00 13.0 0.00 0.00 ~2.34E43 -3,18E+3 -3, 54E+3 -3, 35E43 -2,7T1E+3 «1.79843 -7.B6E+2 75, 5.516+2 4.77E+2 0.00
230 0.00 13.0 0.00 0.00 -1.648+3 -2.T8E+3 -3,436+3 -3.498+3 -3.,028+3 -2,18E+3 -1.17E+3 -2,36E+2 3.516+2 3.978+2 0.00
240 0,00 13.0 0,00 0.00 -3.00E+3 -3.87E+3 ~4,26E+3 -4.098+3 -3.43E+3 -2.44E+3 -1.32E+3 -3.17E+2 3,14E+2 3.86E+2 0.00
250 0,00 13.0 0,00 0.00 ~5.46E+3 -5, 7TBE+3 -5.59E+3 -4 ,94E+3 -3,BBE+3 -2.60E+3 -1.32E+3 -2.49E+2 3.83E+2 4.196+2 0,00
260 0.00 13.0 0.00 0.00 ~6.608+3 -6,708+3 -6,37E+3 -5.558+3 -4.34E+3 -2,92E+3 -1,53E+3 -3.60842 3.24E42 4.00E+2 0,00
270 0.00 13.0 0.00 0,00 ~6.32E+3 -6.626+3 -6.49E+3 -5,85E+3 -4.TBE+3 -3,376+3 -1.938+3 -6.756+2 1.376+2 3.308+2 0,00
280 0.00 13.0 0.00 0.00 ~6.58E+3 -6.896+3 -6.TTE+3 -6.14E+3 -5,03E+3 -3,6208+3 -2.13E+3 -8.18E+2 46, 3.02e+2 0.00
290 0.00 13.0 0.00 0,00 <8.00E+3 ~7.92E+3 -7.46E+3 -6.53B43 «5,18E+3 -3,61E+3 -2.04E+3 -7,07E+2 1.436+2 3.428+2 0.00
300 0,00 13.0 0.00 0.00 -8.B0E+3 -8.50E+3 -7,B3E+3 -6.T2E+3 ~5.24E+3 «3.578+3 -1,956+3 -6,106+2 2,158+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 -5.208+43 -3.63B+3 -2,04E+3 ~6.99E+2 1.56E+2 3.508+2 0.00
320 0.00 13.0 0.00 0.00 ~6.91E+3 -7,10E+3 -6,92E+3 -6.25B+3 ~5.118+3 -3,66E+3 -2,13E+3 -7.92E+2 89, 3.24E+2 0,00
330 0.00 13.0 0.00 0,00 ~7.10E+3 -7.18E+3 -6.91E+3 ~6.16E+3 +4.97E+3 -3.50E+3 -1,98E43 «6.77E+2 1.62E+2 3.538+2 0.00
340 0.00 13.0 0.00 0.00 “T.TTE+3 -T.616+3 7. 116+3 ~6.1T8+3 -4 B4E+3 -3.29E+3 -1.76E+3 -4,926+2 2.838+2 4,01E+2 0.00
350 0,00 13.0 0.00 0.00 -7.426+3 -7,33E+3 -6,90E+3 -6,03E+3 <4, 76E+3 -3,25E+3 -1.756+3 -4.BOE+2 2.80B+2 3.98E+2 0,00
360 0.00 13.0 0.00 0,00 <6.456+3 ~6.63E+3 -6,46E+3 -5,B2843 -4,73E+3 -3.33E+3 -1.BBE+3 -6,156+2 1.926+2 3.61E+42 0,00

Average Flapwise Moment =  -6020.8 (ft-Lbs) at the 20% station
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Blade edgewise moment ( ft-Lbs ) Trim Solution

Pai Time Phi  Phi<D Phi-DD X / R
deg sec deg deg/s deg/s*2 0 A 2 3 o 5 6 7 .8 9 1.0

....................... R R R R R LR LI Ly

0 0.00 13.0 0,00 0,00 7,10843 5.876+3 4,698 3 3,61E+3 2,69E+3 1.84H+3  1.18843 6.74B42 313842 87, 0.00
10 0.00 13.0 0.00 0.00 901643 7.286+3 H.72043 4. 34E+3 3, 16H+3 2.198+3 1.41E+3 8.19842 3,908+2 1,19E+2 0,00
20 0.00 13.0 0.00 0.00 1.008+4 8,66E+3 6.T20+3 4.06H+3 3,66E+3 2,538+3 1.64B+3 9,S7H+2 4. 64842 1,42B+2 0,00
30 0.00 13.0 0.00 0.00 1,26E+4 9.97843  7.67€+3 5.73E+3 4.138+43 2,85E+3  1,84E43 1,0BE+3  5.316+2 1.66E+2 0,00
40 0.00 13.0 0.00 0,00 1.42844  1,11E844  B.52843  6,34B+3 (. S5E+3 3,138+3 2,036+3 1.208+3 §,92042 1,B88E+2 0,00
50 0.00 13.0 0.00 0,00 1.958+4 1.218¢4 9.228+3 6,84E+3 490843 3,37E+3 2,196+3 1.30E+3 6.468+2 2.07E+2 0,00
60 0.00 13.0 0.00 0,00 1.668+4 1.298+4 9.788+3 7.23E+3 9.17E+3 3,568+3 2.318+3 1.386+3 6.898+2 2,23E+2 0,00
70 0,00 13.0 0.00 0.00 1. 73844 1.34B+4 1.02B+4 7,518+3 5,36H+3 3.69B+3 2.406+43 1.438+3 7.178+2 2.34H+2 0,00
8 0,00 13.0 0,00 0.00 1,788+4 1. 37844 1.048+4 7,68E+43 5,468+3 3,75E+3 2.44E+3 1,458+3 7,31842 2,39E8+2 0,00
90 0.00 13.0 0,00 0,00 1.786+4  1.308B44  1,04E+4 7.656+3 5.45E+3 3. 74043 2.44E+3  1,456+3 7.338+42 2.408+2 0,00

100 0.00 15.0 0.00 0.00 1. 756+4  1.358+4 1.026+4 7,498+3 5,34E+3 3,676+3 2.398+3 1.438+3 7,206+2 2.36E+2 0.00
110 0.00 13.0 0.00 0.00 1.686+4 1.308+4 9.80B+3 7.216+3 5,13¢+3 3,.52B+3 2.298+3 1.37843 6.91E+2 2.27€+2 0,00
120 '0.00 13.0 0.00 0.00 1.59644  1.220+4 Q.248+3 6,79E+3 4 ,BAE+3 3.32E+3 2,16E+3 1.29843 6,48K+2 2.138+2 0.00
130 0.00 13.0 0,00 0,00 1.,468+4  1,138+4 8,528+43 6,26E+3 4.468+3 3.05E+3 1,98B+3 1.186+3 5.94E+2 1.94E+2 0.00
140 0,00 13.0 0.00 0.00 130844 1.01E+4 T.64E+3  5,628+3 4. 01B+3 2.74E+3 1.788+3 1,06E+3 5.30E42 1,738+2 0.00
150 0.00 13.0 0.00 0,00 1,138+4 B.TTE+3  6.66B+3 4,91E+3  3.50E+3 2.408+3 1.558+3 9.208+2 4.586+2 1.48E+2 0,00
160 0.00 13.0 0.00 0,00 9.368+3 7.35E+3 S5.616+3 4,158+3 2.976+3 2.03E+3 1.31E+3 7.706+42 3.808+2 91.21E+2 0.00
170 0,00 13.0 0.00 0,00 6.77+3 5.35E+3 4.11643  3,086+3 2,18E+3 1,49E+3 9.59B42 5.60H+2 2.T4E+2 B, 0,00
180 0.00 13.0 0.00 0.00 4,248+3  3,43B+43 2.678+3 2,00B+3 1,44E+3 9.BSE+2 6.308+2 3.64E42 1.7SE42 53, 0.00
190 0.00 13,0 0,00 0.00 2,888+3 2.47E+3 2.018+3 1,56E+3 1.14L+3 7.87E+2 4.99E42 2.79E+2 1.24E+2 32, 0.00

200 0,00 13.0 0.00 0.00 1.55643 1.53B43 1.36E+3 1,11843 B8,37E+2 5.818+2 3.616+2 1,89E+2 72, 1. 0.00
210 0,00 13.0 0.00 0.00 -2.58842 1.828+2 3.70B+2 3,95B+2 3.31E+2 2.308+2 1.27®+2 44, «5.3 -16, 0,00
220 0,00 13.0 0,00 0,00 ~1,85E+3 -1.008+3 -4, 99E+2 -2,28E+2 -1.11E+2 -76, -78. -85, T4, -40. 0.00

230 0,00 13,0 0.00 0.00 ~3.23E43 -2,02B+3 -1,246+3 -7,56842 -4.80E+2 -3.27E+2 -2.428+42 -1.858+42 -1.27E+2 -59. 0,00
240 0.00 13.0 0.00 0.00 <4 31E+3 <2.82643 -1.816+3 -1, 18643 -7.568+2 5.116+2 -3.618+42 -2.57842 -1.66E+2 ~73, 0.00
250 0.00 13.0 0.00 0.00 ~6.99E+3 -3.318+43 -2,16B+3 -1,406+3 +9.18E+2 -6,208+2 -4.338+2 -3.02642 -1.91E+2 -83, 0.00
260 0,00 13.0 0.00 0,00 ~5,286+3 -3,50E+3 -2.2BE+3 -1,4BE+3 -9.66E+2 -6.53E+2 -4.57842 -3,21E+2 -2.03E42 -88, 0.00
270 0.00 13.0 0.00 0.00 <5.24E43 ~3.44E+3 -2.226+3 -1,41643 -9, 18E+2 -6,14E+2 -4 . DZE+2 -3,078+2 -1,98E+2 -B8. 0.00

280 0.00 13,0 0.00 0.00 4 .BBE+S -3,15E+3 -1,9BE+3 -1,23643 -7.72E+2 -5,09842 -3,59E+2 -2.626+2 -1.76E+2 -81, 0.00
290 0,00 13.0 0.00 0.00 “4,1TE+3 -2.60E+3 -1,55843 -9, 06E+2 -5.35E+42 -3.416+2 -2.478+2 -1,946+42 -1.418+2 -70. 0.00
300 0.00 13.0 0.00 0.00 ~3.12643 -1.79643 ~9.41E+2 -4 ,54E+2 -2.11E+2 -1.198+2 -1.03E+2 ~1.08E+2 -98. -56. 0.00
310 o0.00 13.0 0.00 0.00 -1.80B+3 -7.87642 -1.95E+2 92, 1.78842 1.47E+2 71, “4.0 45, -38. 0.00
320 0.00 13.0 0.00 0.00 ~3.06E+2 3.42842 6.42E42 T,01E+2 6.11E+2 4.OTE42 2.69E+2 1.18E+2 19. -6, 0.00
330 0.00 13,0 0.00 0,00 1,37E+3  1.596+3 1.57E+3  1.37€+3 1.0BE+3 7.73E+2 4.B58+2 2.51E+2 89, 8.2 0.00
340 0,00 13.0 0.00 0.00 3.,21E+3 2.976+3 2.5TE+3 2.09843 1.59+3 1.12B+3 711842 3.898+2 1.62E+2 34, 0.00

350 0.00 13.0 0.00 0.00 5,156+3 4.42843 3.63E+3 2,85E+3 2.12E+3  1.4BE+3 9.43E+2 5.29842 2.36E+2 60, 0.00
360 0.00 13.0 0.00 0.00 7.10643 5.876+3 4.69B43 3.61E+3 2.65E+3 1.84E+3 1.18B43 6.74E+2 3.136+2 87, 0,00



Blade torsion ( ft<Lbs ) Trim golution

psl Time Phi  Phi~D Phi-DD X /R
deg sec dap deg/s dueg/e 2 .0 o .2 3 & N % .7 8 9 1.0
0 0,00 13.0 0.00 0.00 “16. -14, 14, -11, «8.0 “b.b -0.82 2.2 3.8 3.2 0.00
10 ©¢.00 13,0 0,00 0.00 -24. -24, -22. -18. “14, “9.2 b4 -0.27 2.4 2.7 0.00
20 L.00 13,0 0,00 0.00 -39, <34, -30. «26, «20, “14. “7.6 “2.3 1.3 2.3 0.00
30 0,00 13.0 0,00 0,00 ~4d, 43, «39. -33. -26. «18. -1, “4.3 7.618-2 1.9 0.00
40 0.00 13.0 0.00 0.00 ~53, =51, “47. 40, -32. “24, «18, “TJh “1.5 1.3 0.00
50 0.00 13.0 0,00 0,00 «60. -58. «53, “46, «38. -28. «19. 9.9 «3.0 0.78 0.00
60 0,00 13.0 0,00 0,00 “6b. ~65., -59., -81. «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. 1. -3.7 0.51 0.00
80 .0.00 13.0 0.00 0,00 «70. «68. -62. -83. 43, -32. -21. -12. -3.9 0.45 0,00
90 0,00 13,0 0.00 0.00 “6b., “65. «59. -51, “41. -3. «21, -1, -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, -6.8 -1.3 1.3 0.00
120 0.00 13,0 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. - «12., -7.0 -2.8 0.70 2.8 2.8 0.00
150 0,00 13.0 0,00 0.00 -15, “14. s -8.7 -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 61 4.3 -1.9 0.69 34 6.9 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 8.3 8.7 8.4 7.0 (Y] 0.00
180 0.00 13.0 0.00 0.00 13. 13, 13. 14, 13, 13, 12, 1". 8.1 4.6 0.00
190 0.00 13.0 0.00 0.00 18. 18, 18. 17. 17. 15. 14, 12. 8.8 4.9 0.00
200 0.00 13.0 0,00 0,00 21. 21. 21, 20. 19. 18. 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. 1. 5.5 0.00
230 0,00 13.0 0.00 0.00 32, 3. 30, 28. 26, 23, 20, 16. 1. 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. 28, 23, 18. 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. . 38, 35. 3. 27. 23. 18. 13, 6.6 0.00
290 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. 1. 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. 1. 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 h.2 0.00
350 0,00 13,0 0.00 0,00 -7.7 ~T.4 ~6.3 -4.,5 2.2 0.41 2.9 4.8 5.3 3.8 0.00
360 0.00 13.0 0.00  0.00 -16. -15, -14. -11. -8.0 “b b -0.84 2.2 3.8 3.2 0.00



Blade flapwise moment expansion coefficients Trim solution

X/ R
.0 1 2 3 & ] % 7 ] 9 1
AQ= <5.89843  ~6,16E+3  -6.02c+3  -5.39E+3  -4.33E+3 <3 01E+3  -1.65E43  -4.7IE+2 2.606+2  3.798+2 0.00
80= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A= -2.46E+3  -2,00E+3  -1,62B43  -1,29E+43  ~9,.83B+2 -6.8BE+2  -4.41E+2  -2.50E+2  -1.13B+42 -29. 0.00
Bi= ~7.256+2  ~S.68E42 -4 3TE+2  -3.20B42  -2.40E+2  -1.67E+2  -1,00E+2 -63. -29. -7.8 0.00
A2= 114643 9.54E42  7.77E+2 6.09E42 4.51E+2 3.16E+2 2.08E+2 1.238+2 61. 19. 0.00
B2= T.40E+42  6.26B+2  5.17TE+2 4.158+2 3.20E+2 2.348+2 1.596+2 98, 49. 15. 0.00
A3z 3.60B42  3.11B+2  2.64E+2 2.218+2 1.828+2 1.458+2 1.10E+2 7. 46, 8. 0.00
83= “3.51842  -2.94B+2  ~2.406+2  -1.90E42  -1.45842  -1.06E+2 -75. -50. -30. -12. 0.00
A= -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
A5= -3.3 7.2 17. 7. %6, 4. 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
Ab= 76 49 24 0.80 -19. 32, -36 -33 24 -1 0.00
Bé= 18 14 9.8 6.0 2.8 0.66 -0.29 -0.29 n.18 0.44 0.00
A7= ~1,65842  -1.14E+2 66, -23. 2. 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= 4,356+2  3.05B+2 1.81E+2 2. -12. -63. -81. -75, 53, -23. 0.00
B8= 5.58E+2  3.94E+2  2.39E+2 1.026+2 <34 -69. 9. -86, -59. -24. 0.00
A9= 2,01E+2 141642 b3, 36. 0.32 -21. -27. -23. -14. -4.7 0.00
89= -42. -29, ~17. -5.8 1.9 5.8 6.6 5.4 3.4 1.3 0,00
A¥= “95. -66. -39. -16. -0.50 8.4 . 8.5 4.4 0.96 0.00
B¥= 14 10, 5.8 2.3 -7.408-2 -1.2 1.4 -1.1 -0.58 -0.18 0.00

....................................................................................................................................



]

Mean Rotor Torgue and Power for Trim Solution

Mean Rotor Torque 13993.57 ft-Lbs
Mean Rotor Power = 119.21

No. of Data Points = 36
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Lou-Speed Shaft Loads in Rotor coordinates

Azimuth Angle  Fxr

0.000

10.000

20.000

30.000

40.000

50.000

60.000

70.000

80.000

90.000

100.000

110.000

120.000

130.000

140.000

150.000

160.000

170.000

180.000

190.000

200.000

210.000

220.000

230.000

240.000

250.000

260.000

270.000

118.669

389.462.

650.965

918.805

1160.662

1370.130

1536.050

1650.852

1714.129

1727.833

1690.108

1598.671

1456.907

1273.284

1054.319

803.006

524.975

204.368

-118.669

-389.462

-650.965

-918.805

-1160.662

-1370.130

-1536.050

~1650.852

-1714.129

-1727.833

Fyr

3533.737

3460.918

3594.173

3717.303

3622.955

3515.534

3632.255

3829.759

3845.875

3726.644

3717.043

38461.529

3872.376

3761.077

3634.080

3677.928

3743.789

3689.524

3533.737

3460.918

3594.173

3717.303

3622.955

3515.534

3632.255

3829.759

3845.875

3726.644

Fzr
-1731.120
-1712.961
-1637.488
-1504.489
-1334.563
-1130.519

-883.760
-600.329
~301.410

-3.021

294.845
591.435
872.473
1118.143
1324.006
1495.436
1628.063
1705.965
1731.120
1712.961
1637.488
1504489
1334,563
1130.519
883.760
$00.329
301.410

3.021

Mxr

-3878.388

-5178.290

-5548.472

~4769.990

-4817.126

~5286.656

~4450.380

~2344.472

-575.671

23.525

498.060

1799.442

3216.859

3372.287

2757.436

2797.454

3540.189

3651.546

3878.388

5178.290

5548.472

4769.990

4817.126

5286.656

4450.380

2364.4T2

575.671

-23.525

Myr

12628.680

13183.030

13814.660

13839.520

13784.990

13678.690

13718.360

13979.000

14090.920

14136.820

14165.760

14282.210

14378.260

14329.000

14193.750

14112.910

14086.620

13348.490

12628.680

13183.030

13814.660

13839.520

13784.990

13678.690

13718.360

13919.000

14090.920

14136.820

Mzr
-394.485
-811.221

~1216.226
-1662.392
-2060.046
-2600.547
-2666.971
-2843.988
-2926.976
-2921.154
-2828.482
-2646.026
-2378.178
-2041.760
-1652.779
-1217.490
-742.866
-170.365
304.485
811.221
1216.224
1662.392
2060.066
2400.547
2666.971
2843.988
2926.976

2921.154
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280.000

290.000

300.000

310.000

320.000

330.000

340,000

350.000

360.000

Hub loads in

-1690.108

~1598.671

-1456.907

-1273.284

=1054.319

-803.006

-524.975

-204.368

118.669

3717.043

3841.529

3872.376

3741.077

3634.080

3677.928

3743.789

3689.524

3533.737

~294.845

-591.435

-872.473

-1118.143

-1324.006

-1495.436

-1628.063

-1705.965

-1731.120

fixed frame hub coordinates

Azimuth Angle Fxh

0.000

10.000

20.000

30.000

40.000

50.000

60.000

70.000

80.000

90.000

100.000

110.000

120.000

130.000

140.000

150.000

160.000

170.000

118.66%

86.093

51.653

43,464

31.278

14.675

2.5666

0.500

0.824

-3.022

-3.119

8.989

27.130

38.095

43.399

52.295

63.515

94.974

Fyh

3533.737

3460.918

3594.173

3717.303

3622.955

3515.534

3632.255

3829.759

3845.875

3726.644

3717.043

3841.529

3872.376

3741.077

3634.080

3677.928

3743.789

3689.524

Fzh

-1731.120

-17564.567

-1761.379

-1762.328

-1768.393

-1776.264

-1772.138

-1756.618

-1740.426

-1727.833

-1715.630

-1704.542

-1697.955

-1694.121

-1691.951

-1696.588

-1709.430

-1715.536

-498.060

-1799.442

-3216.859

-3372.287

-2757.436

~2797.454

-3540.189

-3651.546

-3878.388

Mxh

-3878.388

-5240.487

-5629.832

-4962.129

-5014.305

-5237.123

-4534.854

-3474.331

-2982.472

-2921.154

-2871.998

-3101.895

~3667.992

-3731.744

-3174.704

-3031.411

-3580.765

~3625.655

14165.760  2828.482
14282.210  2646.024
14378.260 2378.178
14329.000  2041.760
14193.750  1652.779
14112.910  1217.4%90
14086.620 742.866
13348.490 170.365

12628.680  -394.485

Myh Mzh
12628.680  -394.485
13183.030 100.304
13814.660 754.813
13839.520 945,321
13784.990  1518.302
13678.690  2506.772
13718.360  2520.657
13919.000  1230.382
14090.920 58.661
14136.820 -23.525
14165.760 0.668
14282.210  -785.929
14378.260 -1596.792
14329.000 -1270.904
14193.750 -506.344
14112.910  -344.350
14086.620 -512.750

13348.490  -466.308
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180.000

190.000

200.000

210.000

220.000

230.000

240.000

250.000

260.000

270.000

280.000

290.000

300.000

310.000

320.000

330.000

340.000

350.000

360.000

Harmonics of

cos(0*PSI)

sin(0.*PS1)

cos(PS1)

sin(PSI)

cos(2.*PSI)

sin(2.*pSI)

cos(3.*PSI)

sin(3.*pPS])

118.669

86.093

51.653

43.464

31.278

14.675

2.666

0.500

0.824

-3.022

-3.119

8.989

27.130

38.096

43,399

52.295

63.516

94.974

118.669

3533.737

3460.918

3594.173

3717.303

3622.955

3515.534

3632.255

3829.759

3845.875

3726.644

3717.043

3841.529

3872.376

3741.077

3634.080

3677.928

3743.789

3689.524

3533.737

Rotor Shaft Loads

Exr

0.000

0.000

80.548

1726.760

0.000

0.000

7.620

-2.633

Fyr

3688.695

0.000

0.000

0.000

-98.942

-60.532

0.000

0.000

-1731.920

-1754.567

-1761.379

-1762.328

-1768.393

~1776.264

-1772.138

-1756.618

~1740.426

-1727.833

-1715.630

-1704..542

-1697.955

-1694.120

-1691.951

~1696.588

-1709.430

-1715.536

-1731.120

Fzr

0.000

0.000

-1737.332

-5.872

0.000

0.000

4.263

-2.543

-3878.388

-5240,487

-5629.832

-4962.129

-5014.305

-5237.123

-4534.854

=3474.331

-2982.472

~2921.154

-2871.998

-3101.895

-3667.992

-3731.743

-3174.704

-3031.4M1

-3580,765

-3625.655

-3878.388

Mxr

0.000

0.000

-4941.545

-706.891

0.000

0.000

778.822

-766.651

12628,680

13183.030

13814.660

13839.520

13784.,9%90

13678.690

-394.485

100,304

754.813

945,321

1518.302

2506.772

13718.360  2520,657

13919.000
14090.920
14136.820
14165.760
14282.210
14378.260 -
14329.000 -
14193.750
164112.910
14086.620
13348.490

12628.680

Myr

13871.760
0.000
0.000
0.000
-381.793
-260.192
0.000

0.001
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1230.382

58.661

-23.525

0.668

-785,929

1596.793

1270.904

-506,344

-344.351

-512.751

-466.309

-394.484

Mzr

0.000

0.000

~291.948

~2909.703

0.000

0.000

~18.037

16.298



cos(4,*PEL)
sin(4.*pPSI)
cos(5.*pS1)

sin(5.%ps1)

Harmonics of

cos(0*pPSI)
sin(0.*pS1)
cos(PS1)
sin(Pst)
cos(2.*PSI)
sin(2.*pPsI)
cos(3.*PSI)
sin(3.%ps1)
cosC4.*PST)
sinC4.*pS1)
cos(5.*PS1)

sin(5.*pPSI)

0.000

0.000

10.199

-0.878

5.500

-5.569

£.000

0.000

0.000

0.000

-0.545

0.016

Hub loads in Fixed Coordinates

Fxh

37.338

0.000

0.000

0.000

45.748

-8.734

0.000

0.000

10.189

0.649

0.000

0.000

Fyh
3688.695
0.000
0.000
0.000
-98.942
-60.532
0.000
0.000
5.500
~5.569
0.000

0.000

Fzh

-1732.046

0.000

0.000

0.000

-1.838

-40.672

0.000

0.000

0.982

0.026

0.000

0.000

0.000

0.000

-8.898

-54.854

Mxh

-3925.625

0.000

0.000

0.000

-618.361

-873.727

6.000

0.000

378.198

-405.975

0.000

0.000

-239.641
© 49,886
0.000

0.000

Myh
13871.760
0.000
0.000
0.000
-381.79
-260.192
-0.001
0.001
-239.642
49.886
-0.001

0.000
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0.000

0,000

27,590

2.769

Mzh

207.472

0.600

0.000

0.000

-125.112

1413,482

0.000

0.000

-378.712

-384.327

0.000

0.000



THIS 1S THE FILE OF TURBULENT WINDSPEED DATA AS READ
BY MODULE 2 DURING A TURBULENT LOAD CALCULATION (Meters/sec).

15.0000
30.0000
45.0000
60.0000
75.0000
90.0000

105.0000

120.0000

135.0000

150.0000

165.0000

180.0000

195.0000

210.0000

225.0000

240.0000

255.0000

270.0000

285.0000

300.0000

315.0000

330.0000

345.0000

360.0000
15.0000
30.0000
45.0000
60.0000
75.0000
90.0000

105.0000

120.0000

135.0000

150.0000

165.0000

180.0000

195.0000

210.0000

225.0000

240.0000

255.0000

270.0000

285,0000

300,0000

315.0000

330.0000

345.0000

360.0000
15.0000
30.0000
45.0000
60.0000
75.0000
90.0000

105.0000

120.0000

135.0000

11.4375
11.2795
10.513¢%
10.6547
10.1082
9.8202
9.8885
10,1578
9.9126
9.8776
9.1952
9.4681
8.5003
9.3399
9.0926
7.9973
8.1461
8.6887
9.0807
9.3613
10.4193
10.4663
10.2636
10.4984
11.3167
11.7563
11.8934
10.8782
9.7996
10.0067
9.9229
9.7480
10.2449
9.2852
9.0427
8.8864
9.0984
8.2008
7.9738
8.0416
8,3663
8.5202
9.2680
9.5274
9.8669
9.8349
9.7656
10.2332
10.6885
11.1781
10.9226
10.489
9.3743
9.0496
9.2474
9.0530
9.1471

12.1721
11.4703
10,3868
10.4691
10.4514
10.5176
9.7964
8.9342
8.5892
8.2925
9.3958
8.5594
9.1422
8.3813
7.1986
7.8164
9.0605
9.2447
9.1259
10.0571
11.3491
12.0937
12,1379
12.1172
11.9926
11.1521
10.6483
10,9209
10.4784
9.8132
9.7753
9.1833
9.4676
9.5491
8.0110
8.0518
7.4229
7.6567
7.2738
6.9329
B8.6349
8.2866
8.9515
9.8538
10.5504
11.3884
11.8374
11.0562
10.3335
10.5074
10.4468
10.6511
10.1225
9.5442
9.1924
9.4338
8.8096

9.8636
9.6749
9.5616
9.2097
9.2604
9.7193
9.6447
9.3867
9.2205
9.3452
9.8515
9.9078
9.9595
9.5617
9.5399
9.5954
9.4897
8.9503
8.9510
8.8075
8.4452
8.4692
8.857
9.0080
9.1126
8.9411
8.7469
8.8334
8.8542
9.0214
8.9829
9.0527
8.9647
8.4993
9.1352
9.1892
9.4032
9.2803
B.7864
8.5786
8.7668
9.2442
9.0515
9.6445
9.5061
9.3152
9.7763
9.8647
9.8093
9.5484
9.7m27
9.6241
9.4663
9.2864
9.2707
9.6475
9.5353
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150.0000
165.0000
180.0000
195.0000
210.0000
225.0000
240.0000
255.0000
270.0000
285.0000
300.0000
315.0000
330.0000
345.0000
360.0000

15,0000

30.0000

45.0000

60.0000

75.0000

90.0000
105.0000
120.0000
135.0000
150.0000
165.0000
180.0000
195.0000
210.0000
225.0000
240.0000
255.0000
270.0000
285.0000
300.0000
315.0000
330.0000
345.0000
360.0000

15.0000

30.0000

45,0000

60.0000

8.5220
7.8419
8.5828
8.3854
8.1869
7.8609
89282
8.8671
8.9678
10,1328
9.9143
9.7722
10.4391
10.0804
10,7110
11.0008
10.2920
10.0779
8.9733
8.4847
8.2959
8.0646
8.4317
8.7602
9.1933
8.4096
r.or7
7.8242
8.4655
8.2551
9.1701
9.0610
9.2662
10.0148
10.1570
9.9560
10.0334
9.8394
9.5330
10.3205
10,0801
9.4649
9.3237

8.6550
7.8843
6.9766
7.8903
7.0015
6.2604
7.9758
8.3891
8,0585
9.4557
9.9891
9.9394
10.6427
10.3252
10.1753
10.9424
10.8820
10.7198
10.2688
10.0147
8.8401
10.2595
9.1840
9.2067
8.6
8.7849
8.3820
7.6489
7.3910
7.3215
8.0362
9.0985
9.6007
10.3568
9.6240
10.5797
10.3203
9.7610
10.2365
9.6960
10.2417
9.7643
10.1505

9.5515
9.7655
9.3817
9.5150
9.2821
9.1465
9.2703
9.3725
9.2055
9.3929
9.3575
9.3916
9.1462
8.8188
8.7808
8.5497
8.5737
8.4824
8.5000
8.5795
8.9199
8.8030
8.6205
8.7841
9.1407
9.3633
9.4672
9.7056
9.7025
9.4254
9.3822
9.5409
9.1374
9.1824
8.7583
8.4523
8.7834
8.7382
8.6937
9.0034
9.0482
9.0773
9.5303
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THIS IS THE TURBULENCE BLADE LOD FILE PRODUCED
BY MODULE 1 UPON EXECUTION OF TURBULENT WIND INPUTS:

15.0000
30,0000
45,0000
60.0000
75.0000
90.0000

105.
120.
135.
150.
165.
180.
195.
210.
225.
240.
255,
270.
285.
300.
315.
330.
345.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

0.000000
15.0000
30.0000
45.0000
60.0000
75.0000
90,0000

105.
120.
135.
150.
165.
180.
195.
210.
225.
240.
255,
270.
285,
300.
315,
330.
345.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

0.000000
15.0000
30.0000
45.0000
60.0000
75.0000
$0.0000

105

.000

120.000

135

.000

~6870.64
-9219.37
“6966.43
-6965 .40
-8878.00
-5958.20
~5835.08
~6500.60
-3568.18
-3562.13
-3891.07
~1950.84
-224.362
-3380.40
-910.911
370.476
-3879.93
-2914.81
-2345.39
~5984.54
-6167.66
-6710.77
-9804.19
-9460.19
-9683.75
-10878.6
-8127.20
~7040.91
-7240.04
-4382.79
~4599.84
-5929.41
-3912.39
-5587.50
-5637.56
-1280.76
-1169. 14
-562.606
3470.42
1992.93
-445.353
-1215.53
-3013.53
~6249.89
-6474.73
-7150.70
~8995.94
-8066.10
-7321.76
~7809.90
~64bs . T3
~5397.44
-6274.38
-5018.62
-4844.32
-5818.93
-4550.95

-1754.82
“1513.41
-2087.61
-2078.88
-1603.94
-1899.76
-1796.18
«1539.25
-1804.07
-1538.94
-1219.88
-1462.31
-1411.70
-822.724
-1392.49
~1678.88
-994.851
-1338.81
-1721.53
~1331.77
-1539.08
-1834.00
-1786.35
-2218.77
-2352.34
-2078.04
-2187.45
~1853.10
-1404.34
-1657.15
-1539.14
-1372.80
-1784.05
-1613.26
-1700.58
-2121.36
-1313.54
-629.670
-987.674
-829.895
~728.751
-1255.45
-1601.81
-1548.91
-1847.32
~1936.11
-1761.92
-2031.38
-2101.23
-1735.84
-1644.52
-1599.95
-1436.30
~1725.02
-1799.77
-1574.23
-1719.95

B-24



150,
165.
180.
195.
210,
225,
240,
255,
270,
285,
300.
315,
330.
345,

000
000
000
000
000
000
000
000
000
000
000
000
000
000

0.000000
15.0000
30,0000
4%5.0000
60,0000
75.0000
90.0000

105,
120.
135.
150.
165,
180.
195,
210.
225,
240.
255,
270.
285.
300.
315.
330.
345.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

0.000000
15.0000
30.0000
45.0000
60.0000

-3557.26
-3540.32
-218.966
2086.84
+166.088
4137.32
3164.02
+3591.60
+931.020
-2849.34
-9527.41
-5190.82
-5425.48
-9951.77
-4289,08
-4724.21
~9099.45
-4231.59
-5840.88
-9037.01
~4323.04
4454 .21
+7586.31
-1855.49
-3237.65
-5433.71
61.2571
486.185
-2290.40
2505.84
1283.89
-3723.65
-1946.85
-4781.84
~9408.44
-5918.70
-7728.17
-8395.31
-3438.64
-5061.17
-5187.46
~2r39.37
~5200.60

-1738.,71
~1526.01
-1665.92
-1190.38
-308.557
-934,682
-992.530
~430,915
~1641.58
~1915.06
-1215.55
~2179.24
~2136,38
~1247.07
=1994.31
-1726.38
-968.104
-1943.99
-1919.43
~1499.94
-2258,23
~1909.52
-1144.96
-1896.87
-1572.22
-1120.20
=1909.10
-1520,81
~606,445
-1206.53
~1079.95
-588.338
-1525.89
-1768.85
-1608.74
~2400.94
-2032.73
~1592.44
~1938.45
-1297.51
-1055.51
~1570.89
-1416.06
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Appendix C
Module 1 Listing
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PROGRAM FLAP1
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* *
* 00000 0 00 000000 »
0 0 00 0 o
* 0000 2] 000000 000000 w
* 0 0 0 [ "
* 0 0000000 O 00 *
* *
*  Forces & Loads  Analysis  Program *
* *
. Module 1 *
* w
* Version 2.2 "
* "

RRARRRNAAHARREAARERAAARR AR AR A A A BRI WA AR

ARRER RV AR RN R AR L RRR RN AR A IR R A AR RN IR AR AR dew

*  CHANGES MADE IN FLAP SINCE THE MARCH 1988 VERSION *

% 2,07 RELEASE. FOR MORE DETAILS SEE THE USER'S MANUAL. ¥
B L e T S

This version of FLAP ia for analysis of three
bladed or two bladed rigid hub rotors only.

The teetering option has been removed from this
version and reformulsted in the new teetering
rotor analysis: STRAP ( SER! TEETERING ROTOR

ANALYSIS PROGRAM). User's wishing to run analyses

for 2-bladed teetering hub rotors should consult
that code and user’s manual.

This version of FLAP has been modified from
version 2.01 in several ways. First, in
Modulel modifications have been made in order
to calculate blade flap-wise frequencies and
modeshapes directly {n the code and to output
these to a user designated file, This file is
designated during execution of Modulel. The
user can examine results in this file in order
to gain knowledge about the blade’s frequencies
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and modeshapes, The user no longer needs to
caloulate these frequencies by hand, In add(-
tion these calculated modeshapes get passed

to mocdule? (via the RESULTS,DAT f{le) in order

to caloulate generalized foraes, ‘fthey also get
used in oalculation of the blade’s mass, atiffness
and‘ other mutrices,

The second major change, contained {n the secord
module {s the ability to read in turbulent wind-
speed fluctuations (In subroutine TRBOLU)Y and
caloulate |oads and response on & single blade
due to turbulence (notes tho shaft loads are not
caloulated durfng the turbulence exeoution because
only one blade {s being analyzed).

Another change {s the ability to caloulate the rotor

shaft loads during a trim (steady state) solution,
The code does this either for a three-bladed or a
- tHo bladed rigid hub rotor.

WA R Fr A A fe de de dr el Aot J e Al e e ok e e e el e e oy Ve o e e i e e ke ok

* % % * % ®* ¥ % ¥ * * * ¥ 3 I % ¥

DISCLAIMER

Heither the United States Department of Gnergy, the
National Renewable Bnergy Laboratory,

the Midwest Research Inatitute nar anyone

olse who has been involved in the

creation, production or delivery of this program shall
be liable for any direct, indiract, consequential, or
incidental damages arising out of the use, the results
of use, or {inability to use this program even {f the
United States Dapartwent of Energy has been advised of
the possibility of such domages or claim, Some states
do not allow the exclusion or (imitation of l{ability
for conseciuential or incidentul dsmagea, so the above
limitation may not apply to you,

* % » ¥ ¥ F ¥ X * F * X »

* * =

"
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* % * % * % #* % % 2 =

The FLAP Code

FLAP catculates the forces and moments on a wind tur-
bine blade due to aerodynamic, {nertial arcl gravita-
tional forces, The aerocynamic effeots inolude wind
shear, tower shadow and the inciced velooity dua to the
change in mowentum of the air stream as it passes over
the blade. In addition, this version includes the
ability to input and calculate response

arxl loads due to turbulence,

T % * % * * % % * % *
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Hadule 1

This program s the firat of two modules that consti-
tute the PLAP oode, This first module interpolntes the
ioput date Into o form usable by the second module
whioh does the aotual modeling, This module also som:
putes the coefficient matrix used for solving the blade
flaps equation of motion. It also caloulated the blade's
frequenay and modeshapes.

LA TR A A D TS T AL L L e e S A T L LA A D T D T T

* % * % * ¥ + % % *
> * % %+ % ¥ % #* #* =

Py e 1 T Ve A e VA e ok e A A o o e Ve A el R A e e s e

Questions about the original formulation, theory, meth-
od of solution and programming should be addressed toi

Atan D. Wright

National Renewable Energy Leboratory
1617 cole Blvd,

Golden, €O 80401

303-231- 7681

LA it T R L D e D R D S T L el p D et e o 1]

* % * * ¥ * % * %
* % * * * * * *+ 2

RN R RN I AW IR A AT A AR AR R RS R WA IR WA IR A e
[/0 Convent{onst

Unit 1 « Input data file
Unit 2 - output data file
Unft 5 « Keyboard

Unit * « Monitor or keyboard
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External referenves in this routine:

COEFFS - Subroutine that computes the K and M coef-
flolents used in solving the equations of
blacle motion,

INPUT - Subroutine that reads in a set of blade and
machine data and converts them to a form

needed by the COEFPS subroutine,

PRNCOE - Subroutine that creates the input data file
for the second module,
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Local arcl clunmy varisbles used in this routinet

ANS - Used to store {nput responses from the key-
board.

FILOUT - String that contains the name of the out-
put file, [t {s defined in INPUT,
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% NP -~ Number of blade property values used {n
" performing domposite Simpson/s integration
" for the K ancd M coefficient arrays. This
w number {s approximately 10 times the NPTS
* valle,
* NPTS  « Number of points along the blade used to
* perform Bimpson's integration for calou-
* lating the moments ancl forces at the blade
* root
" NSIMP - Order of the composite Simpson/s {ntegra-
w* tion used in the run. Parameter {s set to
* 10 {n order to make 21 blade property sta-
* fons,
L]
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INTEGER NP
INTEGER NPTS
INTHGER NS1MP
CHARACTER*1 ANS
CHARACTER¥S0 PILOUT
PARAMETER ( NSIMP = 10 )
100 FORMAT ¢
‘ & // ' Pprogram For Analysis Of Horizontal Axis Wind Turbine!
& /! Response To Dynamic Loads’
& /! MODULE 11 )
110 FORMAT ¢ / )
120 FORMAT ( A )
130 FORMAT ( / ' FLAP terminated normally.! / )
Calculate the number of blade property stations and interpola-
tion points,
NPTS = 2"NSIMP + 1
NP = 20%NSIMP + 1
Print title,
PRINT 100
Get input responses, generate coefficients, and write to output
file,
10 PRINT 110
CALL INPUT ¢ NP , HPTS , FILOUT )
CALL MODES (NP)
CALL COEFFS ( NP , NPTS )
CALL FRNEOE ¢ FILOUT , NPTS )

Cheak to see {f user wants to process another data fila,
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20 PRINT *, ¢ ¢
PRINT *, ‘Do you want to process another data file? (Y,=N) > ¢
READ 120, ANS

IF ¢ ( ANS .EQ. 'Y’ ) .OR. ( ANS .EQ. 'y’ ) ) GO 7O 10

IF ( ( ANS .NE. ‘N’ ) .AND. ( ANS .NE. 'n' )

& CAND. C ANS .NE. ' ' ) ) THEN
PRINT *, ‘Invalid response. Please try again...’
GO TO 20

END IF

Processing complete.

PRINT 130

999 STOP

END

BLOCK DATA
bt s T T
* *
* This module is used to initialize the COMMON blocks. *
* *
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Named COMMON blocks used in this routine:

AERO - Aerodynamic blade properties derived from
input aerodynamic data.

BLADE - Blade position dependent values that are
computed by linear interpolation of the in-
put property data.

LITERL - Data file titles used for printed output.

LODVAL - Holds components used in calculating blade
Loads and deflections.

MATRX1 - Holds some of the coefficient matrices of
the governing equation of motion.

MATRX2 - Holds some of the coefficient matrices of
the governing ecriation of motion.

PANELS - Used to communicate with the interpolation
subroutine INTERP.

TENSIMN - Holds tension components of the stiffness
functions.

TURBN - Turbine related variables.

WIND - Wind related variables.
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ALENTH

ALPHAQ

BETAO

BLSHNK

BLTIP

CDZERO

CHI
CHORD
CIFMOM
CKBEND
cKQLop
CKTCRL
CKTGRV
CKTOMG
CLALFA
CLMAX
CHMBLNC
CMGRAV
CMMASS
CMRIGD
CSUBMA
DELTIM
DRGFRM

ECNTFN
EIAREA

ESUBAC

HUBHT
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COMMON variables used in Module 1 of FLAP:

Distance from the tower axis to the rotor
hub, (feet)

The angle from the zero-lift line to the
section-chord line. (Generally negative)
Blade coning angle.  The value is input in
degrees and converted to radians. (radians)
Length of blade shank measured from the
blade root to the start of the airfoil sec-
tion, 1f airfoil begins at the root, then
BLSHNK=0, (feet)

Blade length measured from the blade root
to the blade tip. Note - rotor radius is
HUBRAD + BLTIP. (feet)

Drag coefficient values at equidistant
points along the blade. Derived from
ACDZER values. (dimensionless)

Rotor tilt angle. Input in degrees and
converted to radians. (radians)

Blade chord at equidistant points along the
blade. Derived from ACHCRD. (feet)
Integral of DIFMOM.

Bending stiffness matrix.

Inertial moment stiffening matrix.

Coriolis stiffening matrix.

Gravity stiffening matrix.

Centrifugal stiffening matrix.

Slope of the Llift curve at equidistant
points along the blade. Derived from ACLALF
values. (radians*-1)

The maximum or stall value of the lift co-
efficient. Derived from ACLMAX values.
Coefficient associated with the blade mass
imbalance (OFFSET).

Mass coefficients associated with gravita-
tional loads.

Blade mass matrix. It is also used in the
inertia force stiffening term.

Mass coefficients associated with rigid bo-
dy motion.

Pitching moment coefficient.

Integral of DDELTI.

Drag coefficient form constant.

Compt icated term.

Moment of inertia values at equidistant
points along the blade. Derived from
AEIARE data values. (Lb-Ft**2)

Distance from the blade elastic axis to the
aerodynamic center. Positive if elastic
axis is forward (toward leading edge) of
aerodynamic center. Derived from AESBAC
values. (feet)

Hub reference height above the ground.
(feet)

* ®F % % * % % ¥ ¥ 2 ¥ * % * X * ¥ » 2 ¥ ¥ B ¥ ¥ % F X * ¥ * F ¥ F ¥ ¥ % ¥ * % F ¥ ®* % 2% * ®* ¥ ¥ ¥ ¥ ¥ * ¥ ¥ * ¥



nnnnnnnnnnnnnnnnnnnnnnnnnnnnnﬂnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

* * *

ii?l*!li“‘Q9?‘#1"5!I-l}‘bi}t"}}#f}l‘““*"‘i'ﬁ*ﬁﬂ“%!"i*

HUBRAD
1EMASS

1FMASS

KSHADW

MASS

NBLADS
NSHAPS

OFFMAS
OFFSET

OMEGA
PHIO
PHIAMP

PHIOMG

PSIZER

SHERXP
STEP

TCORLS

TGRAV

THETAD

THETAP

THETAT

TITLEY
TITLE2
TITLE3

Radius of rotor hub. (feet)

Edgewise mass moment of inertia at equidis-
tant points along the blade section. Der-
ived from AIEMAS values. (Lb-sec”2)
Flapwise mass moment of inertia at equidis-
tant points along the blade section. Der-
ived from AIFMAS values. (Lb-sec*2)

Number of tower shadow peaks within the
tower shadow zone.

Blade mass per unit length at equidistant
points along the blade. Input in Lbf/ft,
via the input variable WEIGHT, and convert-
ed to slugs/ft. (slugs/ft)

Number of turbine blades,

Number of blade shape functions, 4 maximum.

Integral of DOFFMS.

Distance from the elastic axis to the mass
axes of blade section. Positive towards
the leading edge. Derived from ADFFST val-~
ues. Called E-sub-eta in the formulation.
(feet)

Rotor speed. Input in RPM and converted to
radians/second. (rad/sec)

Rotor mean yaw angle. (radians)

Amplitude of periodic yaw motion about mean
yaw angle., Input as degrees and converted
to radians. (radians)

Maximum yaw rate. Used internally to com-
pute the yaw period. It can be used to in-
put a turbine steady vyaw rate. Input as
degrees/sec and converted to radians/sec-
ond. (radians/sec)

Half angle width of the tower shadow re-
gion. (degrees)

Wind shear power exponent.

Distance between the equidistant data
points along the blade. (feet)

Blade tension coefficient due to coriolis
effects,

Blade tension coefficient due to gravity
effects.

Orientation of the zero Lift line with re-
spect to the blade principal bending axis.
The blade pitch angle. That is, the angle
from the bending axis, XP, to the cone of
rotation, X-axis, for the reference sta-
tion. THETAP establishes the orientation
of the flapping displacements. Positive
angles are toward feather. Generally, the
reference station section-chord line is
taken as the bending (flapping) axis.
(radians)

The built-in blade twist angle from the
section-chord line at the reference station
to the section-cherd line at the tip of the
rotor. Positive towards feather.

First Line of the data file title.

Second line of the data file title.

Third line of the data file title.
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TOMGA Blade tension coefficient associated with
centrifugal force effects.

TSUBO - Tower shadow Wind speed offset component.

TSUBP - Tower shadow sinusoidal component.

VHUB - Air speed at the hefight of the hub,
(ft/sec)

XLERT - Radial positions of the blade property data

points. These are monotonically increasing
values from 0.0 at the root to R at the
tip. (feet)
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INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

END
SUBROUT

C<INCLUDE\AERQ, INC’

CsINCLUDE\BLADE. INC/

'C:INCLUDE\LITERL.INC!

C:INCLUDE\LODVAL . INC’

C:INCLUDE\MATRX1. INC’

/C: INCLUDE\MATRX2.INC’

! C: INCLUDE\PANELS . INC/

'C:INCLUDE\TENSIN. INC’

‘C:INCLUDE\TURBN. INC’

‘C:INCLUDE\WIND. INC’

INE CAPS ( STRING )
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Subroutine CAPS is used to convert alphabetic charac-
ters into upper case. [t assumes that all the lower
case letters are in one contiguous block and all the
upper case letters are in another contiguous block.
This routine will need to be changed to work with a
noncontiguous character set like IBM‘s EBCDIC. It is
not needed for an upper case only character set Llike
CDC’'s Display Code.
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Named COMMON blocks used in this routine:

none
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External references in this routine:

none
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Local and dummy variables used in this routine:
DIFF - Numerical difference between ‘A’ and ‘a’.
1 - Generic index.

LENGTH - The declared length of the given string.
STRING - The string needing to be converted to upper
case.
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INTEGER DIFF

INTEGER I
INTEGER LENGTH

CHARACTER*(*)  STRING

Compute the numerical difference between ‘A! and 'a’.

DIFF = ICHARC ‘a’ ) - ICHAR( ‘A’ )

Get the length of the string.

LENGTH = LEN( STRING )

Look for lower case letters. Convert them to upper case.
DO 100 1=1,LENGTH

1F ( C STRING(I:1) .GE. ‘a’ ) .AND.
& C STRING(1:1) .LE. 2’/ ) ) THEN

STRING(]:1) = CHAR( ICHAR( STRING(I:l) ) - DIFF )
END IF
100 CONTINUE
RETURN

END
SUBROUTINE COEFFS ¢ NP , NPTS )
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*  This subroutine computes the coefficient matrices used *
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in the solution of the blade equations of motion.
Since these coefficients are independent of the posi-
tion or state of the blade, and are only dependent upon
the blade properties, they are calculated independently
of the solution to the equations of motion and are made
available to the rest of the program through the COMMON
blocks MATRX1 and MATRXZ.

*
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Named COMMON blocks used in this routine:

AERO

BLADE

LODVAL

MATRX1

MATRX2

TENSIN

Aerodynamic blade properties derived from
input aerodynamic data.

Blade position dependent values that are
computed by linear interpolation of the in-
put property data,

Holds components used in calculating blade
loads and deflections.

Holds some of the coefficient matrices of
the governing equation of motion.

Holds some of the coefficient matrices of
the governing equation of motion.

Holds tension components of the stiffness
functions.
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External references in this routine:

SIMPSN - Function that performs the composite Simp-

son’s integration on the input data arrays.

TRPZOD - Function that performs composite trapezoi-

dal integration,

»

»
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Local and dummy variables used in this routine:

BLTBLY
DDELT!
DIFMOM
DKBEND
DKMASS
pkaLp

DKTCRL

DKTGRA

DKTOMG

Square of BLTIP, (feet**2)

1EMASS - 1FMASS,

Complicated term.

Used to compute the integrals associated
with the coefficient matrices.

Used to compute the integrals associated
with the coefficient matrices.

Used to compute the integrals associated
with the coefficient matrices,

Used to compute the integrals associated
with the coefficient matrices.

Used to compute the integrals associated
with the coefficient matrices,

Used to compute the integrals associated
with the coefficient matrices.

w
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DMBALN

DMGRAV

DMRIGD

DOFFMS
DTCOR1

DTCOR2

DTCOR3

DTCORG

DTOMGA

IPT

=z r X

NP

NPTS

SHP -

SHPDD

SHPDOT

- Used to ocompute the integrals associated
with the coefficient matrices,

- Used to compute the integrals associated
with the coefficient matrices.

- Used to compute the integrals associated
with the coefficient matrices.

- OFFSET*MASS,

- Used to compute the integrals associated
with the tension components.

- Used to compute the integrals associated
with the tension components.

- Used to compute the integrals associated
with the tension components.

- Used to compute the integrals associated
with the tension components.

- Used to compute the integrals associated
With the tension components.

- Generic index.

Array index used for trapezoidal integra-

tion,

Generic index.

Generic index.

Generic index.

- Number of blade property values used in
performing composite Simpson’s integration
for the M and K coefficient arrays. This
number is approximately 10 times the NPTS
value. (passed from FLAP1)

- Number of points aleong the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the biade
root. (passed from FLAP1)

Array containing shape functions evaluated
at regular intervals.

- First derivative of SHP with respect to
location along the blade.

- Second derivative of SHP with respect to
location along the blade.

- Dumy variable used to indicate location
along the blade for use by the internal
shape functions.
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REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

DDELTI (201)
DIFMOM (201)
DXBEND (201)
DKMASS (201)
oKatD  (201)
DKTCRL (201)
DKTGRA (201)
DKTOMG (201)
DMBALN (201)
DMGRAV (201)
DMRIGD (201)
DOFFMS (201)

DTCOR1 (201)
DTCORZ2 (201)
DTCOR3 (201)
DYCORG (201)
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REAL
REAL
REAL
REAL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

INCLUDE

INCLUDE

DTOMGA (201)
SIMPSN

STEP

TRPZOD

NP
NPTS

/C: INCLUDEN\AERO, INC'

/€32 INCLUDE\BLADE. INC/

!CsINCLUDE\LODVAL. INC/

C3 INCLUDE\MATRX1. INC!

/C: INCLUDE \MATRX2. INC!

'C:INCLUDEN\TENSIN. INC/

C:INCLUDE\MODAL . INC'

1000 FORMAT ( / ' Generating coefficient matrices and property’
& , ! arrays...! )

'fdone.’ )

Ladad et t et st a2t and et s pa tda ettt ety e

*

Fill the intermediate function arrays which are used to

*
*  compute the tension component integrals,
w

*
*
*
*
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STEP = BLTIP/C NP - 1.0)

Do 200 1=1,NP

DTOMGA(I)
DTCORT(I)
DTCOR2(1)
DTCOR3(1)
DTCOR4(1)

200 CONTINUE

MASS(I)*( HUBRAD + STEP*( I - 1))

MASS(1)*SHP(1,1)
MASS(1)*SHP(2,1)
MASS(1)*SHP(3,1)
MASS(1)*SHP(4,1)

VAT v A e Ve e B R A A B e I A e e A AT e e R Wl e e R e e W de el e e

*

* % ¥ %

Compute the tension component integrals.
component is calculated by integrating from a specific
position on the blade out to the blade tip.

Each tension

w
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DO 300 {=1,4P

TOMGACIY = TRP20D( DTOMGA , 1 , NP , BLTIP )

TGRAV(1)Y = TRPZOD( MASS , 1 , NP , BLTIP )

TCORLS(1,1) = TRPZOD( DTCOR1 , I , NP , BLTIP )

TCORLS(Z,1) = TRPZOD( DYCOR2 , I , NP , BLTIP )

TCORLS(3,1) = TRPZOD( DTCOR3 , I , NP , BLTIP )

TRORLS(4, 1) = TRPZODC DYCORG , 1, NP, BLTIP )
CONTINUE
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* *
*  Compute the coefficient matrices. Please note that *
*  only the upper triangle elements are computed, *
L *

RARRNRRNNRANRERRERRANRR AR AR R TR R IR TR W Rk Rk RR kR kR d Ay

DO 470 K=1,4
DO 440 L=K,4
Fill the intermediate funmction arrays which are used
to compute the stiffness and loading coefficient ma-
trices.
DO 400 1=1,NP
DKBEND(I1) = ELAREA(1)"SHPDD (K, 1)*SHPDD (L,1)
DKMASS{1) = MASS (1)"SHP (K,I)*SHP (L,I1)
OKQLD (1) = IFMASSC1)*SHPDOT(K, 1)*SHPDOT(L, 1)
DKTOMG(1) = TOMGA (I)*SHPDOT(K,I)*SHPDOT(L,I)

CONTINUE

Compute the K,Lth element of the coefficient matrices.
CKBEND(K,L) = SIMPSN{ 0.0 , BLTIP , NP , DKBEND )
CKTOMG(K,L) = SIMPSN( 0.0 , BLTIP , NP , DKTOMG )
CKQLOD(K,L) = IFMASS(NP)Y*SHPDOT(K, NP Y*SHP(L HP)

- SIMPSH¢ 0.0 , BLTIP , NP , DKQLD )
CMMASSCK,L) = SIMPSN( 0.0 , BLTIP , NP , DKMASS )

DO 410 1=1,NP
DKTGRACL) = TGRAV(I)*SHPDOT(K,1)*SHPDOT(L,1)

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

Index into coefficient matrix for coriolis stiffening.

DO 430 N=1,4
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420

430

440.

450

460

Do 420 1=1,HP
DKTCRL{I) = TCORLS(N, 1)*SHPDOT(K, 1)*SHPDOT(L,I)

CKYCRLCN,K,L) = SIMPSN( 0,0 , BLTIP , NP , DKTCRL )

CONTINUE

CONT INUE

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

DO 450 1=1,NP
DMRIGD(I) = MASSCI)*( HUBRAD + STEP¥( [-1 ) )¥SHP(K,1)
DMBALN(1) = MASS(I)*SHP(K, I)*OFFSET(I)
DMGRAV(T) = MASS(I)*SHP(K,1)

CONTINUE

CMRIGD(K) = SIMPSN( 0.0 , BLTIP , NP , DMRIGD )

CMBLNCCK) = SIMPSN( 0,0 , BLTIP , NP , DMBALN )

CHMGRAV(K) = SIMPSN( 0,0 , BLTIP , NP , DMGRAV )

DO 460 1=1,NP
DHRIGD(T) = MASSCI)*( HUBRAD + STEP*( 1-1 ) I*SHP(K,1)
DMBALN(1) = MASS{I)*SHP(K, I)*OFFSET(1)

DMGRAV(]) = MASS(1)*SHP(K,1)

CONTINUE

470 CONTINUE

DO
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Once the diagonal and upper triangular elements are
vomputed, reflect the upper triangle onto the \ower
one,
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520 K=1,3

DO 510 LeK1,4

i

CKBEND(L ,K) = CKBEND(K,L)
CKALOD (LK) = CKQLOO(K,L)
CKTGRV(L ,K) = CKTGRV(K,L)
CKYOMG(L. ,K) = CKTOMG(K,L)
CMMASS(L,K) = CMMASS(K,L)
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DO 500 N=1,4
500 CKTCRLCN L, K) = CKTCRL(N,K,L)

510  CONTINUE

520 CONTINUE -

e e e o A T o e ol e e e e o o o o o o o e o o o e e el e e e o

L]

*  The following arrays are used to compute the loads and

*  moments for completion of MODULE 2,
*

[ ]
L]
*
w

A de et e 8 W T Ve b e e el e o SR AR A ek A R I e A e e e

DO 600 1=1,NP

DDELTI(I) = [EMASS(I) - IFMASS(I)
DOFFMS(1) = OFFSET(1)™MASS(1)

600 CONTINUE
b0 610 1=1,NPTS
IPT 2 10% 1 - 1) +1

DELTIM(1) = TRPZOD( DDELT! , IPT , NP , BLTIP )
OFFMAS(1) = TRPZOD( DOFFMS , IPT , WP , BLTIP )

610 CONTINUE
DO 640 Nat,4

DO 620 1=1,NP
620  DIFMOM(1) = 1FMASS(1)*SHPDOT(N,1)

DO 630 1=1,NPTS
IPT 2 10%¢C 1 - 1)+ 1
CIFMOM(N,1) = TRPZOD( DIFMOM , IPT , NP , BLTIP )
630 CONTINUE

640 CONTINUE

WHIHAARAATARRENIRRNERNERRERR RN RCAERRARARNEIARARRRR NN AR R IARIWN

*

*  These tension and property arpays Will be used in

*  MODULE 2 to compute the loads and moments.
L]

*
*
L
"

ANERNIRNANERRTRNRHRRRARRAE RN AARNNNNENRANRR RN AN AN AR N AR hhh

DD 700 1=1,NPTS
IPT = 10%C 1 - 1) + 1

CHORD (1) = CHORD(IPT)
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GENTENCT) = OFFSETCIPYI*MABS(IRTI*C HUHRAD
& + OLTIPRC 144 )/¢ NPTS<1 ) )

TGRAV (1) = TORAV(LPT)

THRTAO(1) = THETAOCIPT)

TOMGA (1) = TOMGACIPT)

TCORLS(1, 1) = TCORLS(1,IPY)
TCORLS(2, 1) = TCORLS(2,IPY)
TCORLE(3, 1) = TCORL®(3,IPT)
TCORLS(4, 1) = TCORLS(4,IPT)

700 CONT INUE

L L s L T L T e T L )

* L
*  gGeneration of coeffiofent matrices and property arrays ¥
* {s completo. *
" "

W i ol e T TR AT A o A e e o i ok o e e

PRINT 8000

RETURN
AND

SUBROUTINE MODEB(NP)

REAL ASUM(4,4)
REAL BSUM(4,4)
REAL CSUM(4,4)
REAL DSUM(4,4)
. REAL BLTBLT

REAL CF1

REAL CF{DOT

REAL CF1DD

REAL CF2

REAL CF2DOT

REAL CF20D

REAL CF3

REAL CF3pOT

REAL CF3DD

REAL CF4

REAL CF4DOT

REAL CF4DD

REAL EKBEND(201)
REAL EXMASS(201)
REAL EKTOMA(201)
REAL ETOMGA(201)
REAL MAQ(4)

REAL OMGA2

REAL S1MPSN

REAL STEP

REAL POLY(4,201)
REAL POLYDT(4,201)
REAL POLYDD(4,201)
REAL TTOMGA(201)
REAL TRPZOD

REAL X
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"REAL GPRIMECA,4)

REAL QTRANGC4,6)
REAL PRDCT1(4,4)
REAL PROCT2(4,4)
REAL VALUC4)

REAL VHCTYR1(4,4)
REAL VBGTR2¢4 14)
REAL VECTRIC4,4)

INTBOER |
INTEQRR K
INTBQER L
INTEGER NP
INTHGER NOIM
INTEGER HOP

INCLUOE 'C1INCLUDE\BLADE. INC!
INCLUDH /€1 TNCLUDE \MODAL . INC!
IROLUDE 'C1INCLUDB\TURBN  INCY

CHARACTER*20 MooouT

Coordinute shape funotions and thelr derivntives.

These funotions are polynomials that satisfy the

boundary conditions for a cantilever blade, namaly

zero displacement arxi zoro slope at the rout,

These functions will be used in l{near combinations
usfng a Raylelph Ritz type procedure to determine the

natural frequercies and modeshapes of the blade
Firat shape function and {t's derivatives:
CF1 (X) = Xwiak( XW(X-4,0) + 6,)/3.
CPADOT(X) = A WX*(X*(X~3,)+3,)/3,
UFIDDEKY = 4ov (K (K-2.0+1.)

Second shape function and it’s derivatives:
CH2 (X)) = XW™kI%(X%(3,%X-10,)+10,)/3,
CR2DOT(X) = 5, WX*WRN(XW(3 *X-B, )+6,)/3,
CR20DCX) = 20,%X*(X"(3,%X-6,)+3,)/3,

Third shepe function and it/s derivatives:

CF3 (X) = XWhih(Xw(2,%X - 6.) + 5,)

CP3DOT(X) = 2, *XWHIN(XA(6 %X-15,) + 10.)
CP3DDCX) = 60,%x*w2w( X*( X-2,) + 1,)

Fourth shape funation aml {t's derivatives:

CR4 (X) = XwwSa( xw( 10,%X - 28,) + 21,)/3.
CRADOT(X) = 7. WX*M4%( XN ( 10,%X = 24,) + 15,)/3,
CPADDCXY m 14 WX WIH(X*C10, %K « 20, ) + 10,)
STEP = 1,/(NP-1,)

BLTBLT = BlLYIpw*2

X s 0,

DO 110 1 = 1,NP
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POLY(1,1) = CFY ( X)
POLYDT(1,1) = CFIDOY(XY/BLTIP
POLYDDC1,1) = CPIDD(X)/BLTBLT

poLY(2,1) = crz ¢ X)
POLYDT(2, 1) = OF2DOT(K)/BLTIP
POLYOD(2,1) = CF2OD(X)/BLTBLY

POLY(3, 1) & CR3(X) .
POLYDT(3,1) = CF3DOT(X)/BLTIP
POLYUD(3,1) = CFIDD(X)/BLTBLY
POLY (4, 1) = CP4(X)

POLYDY(4,1) = CR4DOT(X)/BLTIP
POLYDD(4,1) = CR4DD(X)/BLYBLT

X = X + STEP
110 CONTINUE

FILL the intermediate functior arrays which are used to
compute the tension component integral for the
centrifugal stiffening matrix.

X =0,
STEP = BLYIP/(NP - 1)

DO 200 [ = 1,P

BTOMGA(I) = MASSC1)*( HUBRAD + STEP*( 1-1 ))
200 CONTINUE

Compute the tension comporent integral.
b0 300 1 = 1,HP

TTOMGAC1) = [RP20D( ETOMGA, 1, NP, BLTIP)
300 CONTINUE

Compute the coeffioient matrices: ASUM, BSUM, CSUM,
ASUM is the bending atiffness matrix, BSUM is the
centrifugal stiffening matrix, and CSUM is the
mass matrix.,

DO 470 K = 1,4
DO 440 L = K,4
DO 40D I = 1, NP
EKBEND(1) = EIAREA(I)*POLYDD(K,I)*POLYDD(L, 1)
EKMASS(1) = MASSCI)*POLY(K, 1)*POLY(L,])
EKTOMG(I) = TTOMGA(I)*POLYDT(K, 1)*POLYDT(L, 1)
400 CONTINUE
Compute the K,L th element of the coefficient matrices.
ASUM(K,L) = SIMPSNCO., BLTIP, NP, EKHEND)

BSUM(K,L) = SIMPSN(D., BLTIP, NP, EKTOMG)
CSUM(K,L) = SIMPSN(OD,, BLTIP, NP, EKMASS)
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440 CONTINUE

470  CONTINUE
c Once the diagonal and upper triangular elements afe
[+ computed, reflect the upper triangle onto the lowir
C one.
PO 520K = 1,3

DO 510 L = K+1,4

ASUM(L ,K) = ASUM(K,L)
BSUM(L ,K) = BSUM(K,L)
CSUM(L,K) = CSUM(K,L)
510 CONTINUE
520 CONTINUE

NDIM
NDP

H o
NS

Add the Centrifugal stiffening term to
the bending stiffness terms.
Form the new motrix DSUM

OMGA2 - (WETM * OMEGA * .0109662271124

DO 1820 I = 1,NDIM
DO 1830 J = 1,NDIM
DSUM(I,Jd) = ASUM(1,J) + OMGA2* BSUM(I,J)
1830 CONTINUE
1820 CONTINUE

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

DO 880 | = 1, NDIM
DO 870 J = 1, NDIM
SVALU = SQRTCVALUCJ))
QPRIME(I,J) = VECTRI(1,J)/SVALU
870 CONTINUE
880 CONTINUE

DO 900 | = 1,NDIM
DO 890 J = 1,NDIM
QTRANS(J, 1) = QPRIME(I,J)
890 CONTINUE
900 CONTINUE

CALL MULT(QPRIME,DSUM,PRDCTT,NDIM,NDIM)
CALL MULT(PROCT1,QTRANS,PRRCT2,NDIM, KDIM)

CALL JACOBI(PRDCT2,NDIN, NDP,VALU,VECTRZ)
CALL EIGSRT(VALU,VECTRZ,NDIM,NDP)
CALL MULT(VECTRZ,QPRIME,VECTR3,NDIM, NDIM)

The freguencies of interest are actually the square rocts

of the saloulsesd sigemuniues.
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DO 915 J = 1,NDIM
suMse = 0.
DO 910 I = 1,NDIM
SUMSQ = SUMSQ + VECTR3(I,J)**2
910 CONTINUE :
MAG(J) = SQRT(SUMSQ)

915 CONTINUE
D0 920 I = 1, NDIM
FREQ(I) = SQRT( VALU(NDIM+1-1))
920 COMTINUE

DO 960 1 = 1,NDIM
0O 940 4 = 1,NDIM
LAMDACT,J) = VECTR3(I,NDIM+1-J)/MAGCND IM+1- )
940 CONTINUE
960 CONTINUE

PRINT*, ‘Enter name of modeshape and frequency output file’

READ¥, MODOUT
OPEN(8, FILE = MODOUT, STATUS = ‘UNKNOWN')

WRITE(8,*) (FREQUENCIES = '
WRITE(8,*) (FREQ(1), I=1,NDIM)

DO 670 1 = 1,4
DO 660 J = 1,NP
SHP(I,J) = 0.
SHPDOT(1,J) = 0.
SHPDD(1,d) = 0.
660  CONTINUE
670 CONTINUE

DO 700 1 = 1,WP
DO 690 J = 1,NDIM
DO 680 K = 1,NDIM
SHPCJ,1) = SHP(J,1) + LAMDACK,J)*POLY(K,I)
SHPDOT (J, 1= SHPDOT(J,1) + LAMDA(K,J)*POLYDT(K, 1)
SHPDD(J,1) = SHPDD(J,1) + LAMDACK,J)*POLYDD(K,1)
680 CONT INUE
690  CONTINUE
700 CONTINUE

DO 1400 1 = 1,NDIM
TIPDFL = 1.
PO 1390 J = 1,NP
SHPCI,d) = SHP(I,J)/TIPDFL
SHPDOT(1,d) = SHPDOT(I,J)/TIPDFL
SHPDD(1,J) = SHPDD(I,J)/TIPDFL
1390 CONTINUE
1400 CONTINUE

WRITE(8,*) ’Modeshapes:’
po 720 1 = 1,NP,10
WRITE(B,*) 1, (SHP(J,1), J = 1,NDIM)
720 CONTINUE
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RETURN
END

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

PARAMETER (NMAX=100)

DIMENSION ACNP,NP),D(NP),VINP,NP), B(NMAX) , Z(NMAX)
D0 12 IP = 1,N

DO 1M1 1Q=1,N
V(IP,IQ) = 0.
11 CONTINUE
v(Ip, 1Py = 1.

12 CONTINUE

Do 13 1P = 1,N
B(IP) = A(1P,IP)
D(IP) = B{IP)
Z(1P) = 0.

12 CONTINUE

NROT = 0

‘D024 1 = 1,50
SM = 0.
po 15 1P = 1,N-1
DO 14 10 = 1P+, N
SM = SM + ABS(A(IP,1Q))
14 CONTINUE
15  CONTINUE

IF{SM .EQ. 0.) RETURN
[FCl .LT. 4) THEN
TRESH = 0.2%SM/N**2
ELSE
TRESH = 0.
ENDIF

D0 22 1P = 1,N-1
DO 21 1Q = {P+1,N
G = 100.%ABS(ACIP,10))
1FC G .LT. 1.0E-0B)THEN
ACIP,1@)=0.

ELSEIF( ABS(A(IP,I1Q)) .GT. TRESH)THEN

H = DCIQ)-D(IP)

IF(ABS(H) + G .EQ. ABS(H))THEN
T = ACIP, 1IQ)/H

ELSE
THETA = 0.5*H/ACIP,1Q)
T = 1./CABS(THETA) + SORT(1.+ THETA**2))
IF(THETA LT. 0.5 T = -1.* 7

ENDIF

C = 1./SQRT(1+T**2)
§ = T*C

TAU = §/(1.4C)

H = T*ACIP,1Q)
Z(IP) = 2(IP) - H
Z(lQ) = 2(1a) + H
DCIP) = DCIP) ~ H

1w ou
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18

19

21
22

24

1

DCIQ) = DCIQ) + H
ACIP,1Q) = 0.
DO 16 J=1, 1p-1
G = ACJ,IP)
H = ACJ,IQ)
ACJ,IP) = G~S*CH+G*TAU)
ACJ,1Q) = HES*(G-H*TAU)
CONTINUE

DO 17 J = IP+1, 101
G = A(IP, )
H = ACJ,1Q)
ACIP,J) = G-S*(H+G*TAU)
A(J,1Q) = H+S*(G-H*TAU)
CONTINUE

DO 18 J = I1a+1, N
G = ACIP,J)
H = ACIQ,J)
ACIP,d) = G-S*(H+GSTAU)
AC1Q,d) = H+S*(G-H*TAU)
CONTINUE

D0 19 J = 1,N
G = V(J,IP)
H = V(J,1Q)
V(J,IP) = G-S*(H+G*TAU)
V(J,1Q) = H+S*(G-H*TAU)
CONTINUE

NROT = NROT + 1
ENDIF
CONTINUE
CONTINUE

D023 1P = 1,N
B(IPY = BCIP) + Z(IP)
D(IP) = B(IP)
Z(1P) = 0.
CONTINUE
CONTINUE

RETURN
END

SUBROUTINE EIGSRT(D,V,N,NP)

DIMENSION D(NP), V(MNP,NP)
DO13 1 =1, N1
K=1
P=D(1)
DO 11 J=I+1,N
[F(D(J) .GE. P)THEN
K=J
P=D(J)
EKDIF
CONTINUE

IF(K .NE. 1) THEN
D(K) = DCI)

o

B [

VP
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D(1y = P
o124 = 1,0
P =V,
V(d, 1) = WJ,K)
VCd,K) = P
12 CONTINUE
ENDIF -
13 CONTINUE
RETURM
END

SUBROUTINE INPUT ¢ NP , NPTS , FILOUT )

HRREAHIANIRANRERRAARATRRRRRRENERTUNERAATERXRRANARRRA AR AN RN R IR

Subroutine INPUT performs the following tasks:

- Opens input and output data files,

- Reads in blade property and wind turbine data.

- Checks validity of input data.

- Performs a linear interpolation between data
points to provide data at the proper points for
the COEFFS subroutine,

5 - Performs unit conversions.

CoO0OOnO0O0o000 0000
* * 3 * % % * % ¥ % *
S oW -

4 % * % * % * ¥ & % *

ARSI A IR IR A A A S AR Tl A AR R el N AR AR S ek el

(o} R AR R RR AR TN R e A s P e e 77 v s sy o T o A ST e s s e Sl s e e 3 e S fede v e Ao s ses ok
¢ * *
c *  External references in this routine: *
c * *
c * CAPS - Converts strings to upper case. *
c * INTERP - Subroutine that performs 8 linear interpo- *
c * lation of the input data. *
[ * *
c HRWRAREARAN AT R RN AR R RCRRRARRRAR R LA AR R WA RN A TRk R ke &
Cc WA NI A ARV At JeR F sk I T e e e W RS A A e e ek i o Tt e s s e de s el e A A el sk o
¢ * *
c *  Nemed COMMON blocks used in this routine: *
c L. *
c * AERO - Aerodynamic blade properties derived from *
c * input aerodynamic data. *
c * BLADE - Blade position dependent values that are *
o * computed by linear interpolation of the in- %
c * put property data. *
[+ " LITERL - Pata 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 ST IR W et U e I Yo A T e A R e A I A R AR AR Rt e AR e i Wk AR W drd
[ TR ARt AR I W R AR AR i A A dedr sy e i AR A e R i e R A AW R R TR e itk
C * *
c *  Local and dummy variables used in this routine: *
c * 4
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ACDZER

ACHORD
ACLALF

ACLMAX

AEIARE

AESBAC

AIEMAS
AIFMAS
ANS

AOFFST

ATWIST

ERROR
FILEIN
FILOUT

GRAV

* %+ * % ®* % * ¥* ¥ % # A R % 2 ¥ ¥ ® ¥ X %X % * F * * ¥ * X X * X * X % F X X * % =

NP

»

* NPANEL

* NPTS

*

% »

RAD2DG
RTWIST

* * %

*

WEIGHT

1

'

Drag coefficient at each blade station.
(dimensionless) '

Blade chord at each data station. (feet)
Slope of lift curve at each blade station.’
(radians**-1) e .
The maximum or stall value of the (yit f}r{-
efficient. pe /
Moment of inertia of blade at dat:. statfon.
(10%#6 Lb-Fw¥2) ‘
Distance from elastic axis to aerodynamic
center. Origin is at the elastic axis; It
is positive if the elastic axis is forward
(toward the {eading edge) of the aerodynam-
ic center. (feet)

Secorxd mass moment of the blade cross sec-
tion in the edgewise direction. (Lb-sec*2)
Second mass moment of the blade cross sec-
tion in the flapwise direction. (lLb-sec*2)
Literal containing the answer to a ques-
tion.

Distance from the elastic axis to the mass
axes of blade section. Positive towards
the leading edge. Called E-sub-eta in the
formulation. (feet)

The blade built-in twist angle as a func-
tion of posiion along the blade span. The
built-in twist at each of 1 stations.
ATWIST is the angle from the section-chord
line at the Ith station to the section-
chord line at the tip. Generally speaking,
ATWIST(Reference Station) = THETAT.

Error flag indicating an invalid XLEFT ar-
ray.

Literal containing the name of the input
data file.

Literal containing the name of the output
data file.

Constant of gravitational acceleration as
measured at sea level. (feet/second**2)
Generic index.

Number of blade property values used in
performing composite Simpson’s integration
for the M and K coefficient arrays. This
number is approximately 10 times the NPTS
value.

Number of blade property values to be read
in from the input data file.

Number of points along the blade used to
perform Simpson’s integrztion for calculat-
ing the woments and forces at the blade
root.

Degrees to radians conversion factor.

The blade twist angle relative to the zero-
Lift line. (radians)

Blade section weight per unit length., In-
put as blade station data. (Lbf/ft)

£

* % % % % % ¥ % % * #* #£ * #* * » ¥ * #* * % ¥ ® #F * ¥ ¥ ¥ * * * » 2 * =

-

* * % % % £ *

-

Riar it b dat st ot g sl o adad e d it st a b buka a DAl g dl Da sy 2l e 2 gl td
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1000

&

1100
1200
1300
1400
1500
2000
2100
2200
2300
2400

2500
2600

2700

i

&

REAL ACDZER (11)

REAL ACHORD (11)

REAL ACLALE (11)

REAL ACLMAX (11)

- REAL AEIARE (11)

REAL AESBAC (11)

REAL AIEMAS (11)

REAL ALFMAS (11)

REAL AOFFST (11)

REAL ATWIST (11)

REAL GRAV

REAL RAD2DG

REAL RTWIST (11)

REAL WEIGHT (11)

INTEGER 1

INTEGER NP

INTEGER NPANEL

INTEGER NPTS

LoGICAL ERROR }
n

CHARACTER¥50  FILEIN !

CHARACTER*S50  FILOUT \

INCLUDE /€3 INCLUDE\AERO. INC/ “\

 INCLUDE /C: INCLUDE\BLADE . INC' 11
|
‘\

INCLUDE /C:INCLUDE\LITERL . INC' 1
H

INCLUDE /€1 INCLUDE\PANELS. INC/ )
|

INCLUDE /C: INCLUDE\TRBINF . INC’ i

INCLUDE /C3 INCLUDE\TURBN . INC/ i

INCLUDE "C: INCLUDE\WIND . INC/ ‘

DATA GRAV  / 32.1740 /

DATA RAD2DG / 57.29577951308233 /

FORMAT ( / ! Subroutime INPUT: Input and process new blade

/! and turbine data.’ / )

FORMAT ( A )

FORMAT ( / ¢ %% [nvalid response *w/ /)

FORMAT ¢ BN , 6X , F16.5 )

FORMAT ( BN , 6X , 110 )

FORMAT ¢ BN , 12X , 11¢ F10.5 , : ) )

FORMAT ¢ // 3C 1X , A / ) / ' Parameter values:’ / )

FORMAT ¢ 1X , A, F12.5 , 10X , A , 16 )

FORMAT ¢ 1X , A , F12.5 , 10X , A , F12.5 )

FORMAT ¢ 1X , A , 16 , 16X, A, F12.5)

FORMAT ( XLEFT WEIGHT AEIARE !

, ' AIEMAS AIFNAS AQFFST! /)
FORMAT ¢ 11( F11.5 , SF13.5 / : ) )
FORMAT ¢ / ' ACHORD ATWIST ALCALF ¢
, ' ACLMAX ACDZER AESBAC! / )
FORMAT  / ' STA-')
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2750 FORMAT ( 11(¢ F10.3/:))
3000 FORMAT ( / ! »>> Error: Blade data do not start at blade root:’

& ! <!
& /U >, 50K, te<e!
& ;e XLEFT(1) =/ , F8.3 , /, but should be!
& , ! zerp, <e<!)

3100 FORMAT ¢ / ' >>> Error: Blade data do not end &t blade tip:!
& , gt
& /et 46K, feec!
& /! e XLEFT(! , 12.2 , ') = FB.3
& . !, but should be <<<!
& /! >>» equal to BLTIP =/ , F8.3
& ! <! /)

3200 FORMAT ( / ' >>> Please correct input file and rerun Job <<</
& /// ! FLAP terminated abnormally due to the error listed’
& , ! above.’ /)

Initialize the number of shape functions.

NSHAPS = 4

Get input and output data file names. Open the input file.
Determine rotor type. Read data from input file.

PRINT 1000
PRINT *, /Enter name of input data file > ¢
READ 1100, FILEIN

OPEN ¢ 1 , FILE=FILEIN , STATUS='OLD’ )

PRINT *, 1
PRINT *, ‘Enter name of output data file » /
READ 1100, FILOUT

CALL CAPS ( FILOUT )

110 READ (1,1100) TITLE]
READ (1,1100) TITLE2
READ (1,1100) TITLE3

READ (1,1300) ALENTH
READ (1,1300) ALPHAO
READ (1,1300) BETAD
READ (1,1300) BLSHNK
READ (1,1300) BLTIP
READ (1,1300) CHI
READ (1,1300) CSUBMA
READ (1,1300) DRGFRM
READ (1,1300) HUBHT
READ (1,1300) HUBRAD
READ (1,1400) KSHADMW
READ (1,1400) NBLADS
READ (1,1400) NPANEL
READ (1,1300) OMEGA
READ (1,1300) PHIAMP
READ (1,1300) PHIOMG
READ (1,1300) PHI0
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READ
READ
READ
READ
. READ
READ
READ

READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ

READ
READ
READ
READ

(1,1300)
(1,1300)
(1,1300)
(1,1300)
€1,1300)
(1,1300)
(1,1300)

(1,1500)
¢1,1500)
€1,1500)
(1,1500)
(1,1500)
¢1,1500)
(1,1500)
¢1,1500)
(1,1500)
(1,1500)
(1,1500)
(1,1500)

(1,1400)
(1,1300)
(1,1400)

(1,1500) ( STACI), I1=1,MSTAT)

PSIZER
SHERXP
THETAP
THETAT
TSUBP
TSUBO
Vius

XLEFT (1)
WEIGHT(1)
AEIARE(1)
ATEMAS(])
ATFMAS(I)
AOFFST(1)
ACHORD(I)
ATWIST(T)
ACLALF(I)
ACLMAX(1)
ACDZER(1)
AESBAC(1)

AN A A A A AN AN NN~

NUMSCN
TIMING
MSTAT

Close input file.

CLOSE

4b

Echo input data.

PRINT

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

PRINT
PRINT

200 PRINT
PRINT
&

2000,

2100,
2200,
2200,
2200,
2200,
2200,
2200,
2200,
2200,
2200,
2300,
2300,
2300,
2200,
2300,

w 1
‘

*, IR

2400
2500,

-

-

1=1, NPANEL
121, NPANEL
121, NPANEL
121, NPANEL
121, NPANEL
, 1a1,NPANEL
, 1m1, NPANEL
, 121, NPANEL
, 1=1,NPANEL
, 121, NPANEL
. 121, NPANEL
, 131, NPANEL

R R R RV "2 Y R VA VR VAR W

TITLE1 , TITLE2 , TITLE3

'ALENTH
TALPHAD = ¢
IBETAOD =
'BLSHNK = !
BLTIP = ¢
it =t

!

!

!CSUBMA =
'DRGFRM
' RUBHT

' HUBRAD
' KSHADW
'NBLADS = /
'NUMSCN = ¢
'TIMINC = ¢
IMSTAT =/

"

4

ALENTH
ALPHAO
BETAO
BLSHNK
BLTIP
CHI
CSUBMA
DRGFRM
HUBHT
HUBRAD
KSHADW
NBLADS
NUMSCN
TIMINC
MSTAT

'NPANEL
OMEGA
'PHIO

'PHIAMP
'PHIOMG
'PSIZER
' SHERXP
'THETAP
' THETAT
TSUBD
rysusp
VHUB

t <Enter> to continue...’

o o8 o n onow on o u v on

L

~

-~

-

NPANEL
OMEGA
PHIO
PHIAMP
PHIOMG
PSIZER
SHERXP
THETAP
THETAT
TSUBO
TSUBP
VHUB

( XLEFTCI) , WEIGHTCI) , AEIARE(I) , AIEMAS(I)
¢« AIFMAS(1) , AOFFST(I) , I=1,NPANEL )
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PRINT *, 1 ¢
PRINT *, /H{t <Bnter> to continue...'

READ (*,1100,END=210) ANS

210 PRINT 2600

PRINT 2500, ( ACHORD(1) , ATWIST(1) , ACLALF(I1) , ACLMAX(1)
& . ACDZER(1) , AESBAC(!) , 1=1,NPANEL )

PRINT *, ¢ ¢
PRINT *, !Hit <Enter> to continue,..’

220 PRINT 2700

300

400

PRINT 2750, ( STA(I1), 1=1,MSTATY)

PRINT *, + ¢
“PRINT *, /Hit <Bnter> to continue...’

READ (*,1100,EMD=300) ANS

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

ERROR = .FALSE.

IF ¢ XLEFTC1) .NE. 0.0 ) THEN
PRINT 3000, XLEFT(1)
ERROR = .TRUE.

END 1F

IF ¢ ¥LEPT(NPAMEL) (NE. BLTIP ) THEN
PRINT 3100, NPANEL , XLEFT(NPANEL) , BLTIP
ERROR = .TRUE.

END IF

IF ( ERROR ) THEN
PRINT 3200
sTOP

END IF

Perform unit conversions - Lbm to slugs, degrees to radians.

DO 400 I=1,NPANEL

WEIGHT(I) = WEIGHT(1)/GRAV

AETARE(I) = AEIARE(I)™1.E06

AIEMAS(1) = AIEMAS(1)

AIFMAS(1) = ATFMAS(I)

RTWIST(1) = ¢ THETAT - ATWIST(I) - ALPHAD )/RAD2DG
CONTINUE

Perform linear interpolation of blade properties to set up
arrays of blade property data at equidistant points along the
blade. The arrays are used by the COEFFS subroutine to produce
the coefficient matricies.
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STEP = BLTIP/( NP - 1)

CALL INTERP ( WEIGHT
CALL INTERP { AIEMAS
CALL INTERP ( AIFMAS , [FMASS
CALL INTERP ( AEIARE , EIAREA
CALL INTERP ( AOFFST , OFRSEY
CALL INTERP ( ACHORD , CHORD
CALL INTERP ¢ RTWIST , THETAD

s MASS , NPANEL , NP )
. 1EMASS , NPANEL , NP )
+ NPANEL , NP )
+ NPANEL , NP )
+ NPANEL , NP )
¢+ NPANEL , NP )
+ NPANEL | NP )

These property arrays will be used by the RUN subroutine for
solving the governing equations and for calculation of the
loads and moments.

STEP = BLTIP/¢ NPTS - 1)

CALL INTERP ¢ AGLALF , GLALFA , NPANEL , WPTS )
CALL INTERP ( ACDZER , CDZERO , NPANEL , NPTS )
CALL INTERP ( AESBAC , ESUBAC , NPANEL , NPTS )
CALL INTERP ( ACLMAX , CLMAX , NPANEL , NPTS )

RETURN
END

SUBROUTINE INTERP ( GIVEN , CMPUTD , NPANEL , NP )

FWRARR AR RRARRIN R RN AW RS RAAA TR HERERYRRAAERARN AR AR RN

* * * % * %

This subroutine performs = inear interpolation of the
input data set. The imy... lade data contains NPANEL

data points,

The data are interpolated to provide data

at NP everily spaced points.

* % * % * %

WRRHRRIR RN RN AR TR RTRRRARELN AR RN IR RRRRAR A AN WA AR AR RN AW RAAR

WhRIAN AR R EHRIR AR R TR ERRRAAA RN AR AARRNANE R AR KRR R AR RN KUY

* ¥ * % ¥ * ¥ ¥ * * ¥ X ¥ * * ¥

lLocal and dummy variables used in this routine:

CHPUTD
GIVEN
1PNL
JPT
MOVE

NP
NPANEL
PTR

SLOPE

Regularly spaced interpolated data.
Unevenly spaced input data,

Index into the GIVEN array.

Index into the CMPUTD array.

Flag to see if we/ve moved to the next pan-
el

Number of everily spated data points.

Number. of unevenly spaced data points.
Blode position pointer. It is the location
of the next interpolated vatue,

Slope of the line between two GIVEN data
points.

32 % % % % % % T % * % =

* % * %

WHANNERRIT AR AAAERAR AT RN ARARTEACANRARNR AR AR AR N AR AR AT R N

INTEGER
INTEGER

REAL

NP

NPANEL

CMPUTD (NP)
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REAL
REAL
REAL

INTEGER
INTHGER

LoarcAL

INCLUDE

QIVEN  (NPANEL)
PTR
SLOPE

IPNL
JPT

L

'C1INCLUDE\PANELS . NG/

Infitialize GIVEN index and pointer.

IPNL = %
PTR = 0.0

Compute alope between first two data points,

SLOPE = ( QIVEN(2) - GIVENC1) )/XLEFT(2)

Compute property at each of the NP evenly spaced points.

D0 20 JPT=1,NP-1

CMPUTD(JPT) = GIVEN(CIPNL) + SLOPE%( PTR - XLEFT(IPNL) )

PTR = PTR + STgp

Make sure that the new data point is inside the current

panel .

Otherwise, move over one step.

1F ¢ JPT .LT. NP-1 ) THEN

MOVE = .FALSE.

10 IF ( PTR Q7. XLEFTCIPNL+1) ) THEN
IPML = IPNL + 1
MOVE = .TRUE.
GO 10 10

END 1F

IF ( MOVE ) SLOPE = ( GIVENCIPNL+1) - GIVENCIPNL) )/

END IF

20 CONTINUE

€ XLEFTCIPNL+1) - XLEFTCIPNL) )

CMPUTD(NP) = GIVEN(NPANEL)

RETURN
END

FUNCTION LNTH ( STRING )
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Punation LNTI returns the length of o character etring.
When Using the Lahey F77L compiler, the intrinsia funo-
tion NBLANK ocan be used as we do here, This funation
was supplied to make oonveraion tu other compilers eas-
‘Qro

* % * ®* * ¥ *
* * * * * * X

LALAAA L LA A A DT AL R DR S R it SR A TR LAl A T E LAl e S TR AL DT Al 2]
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Named COMMON blocks used in this routines

none

* % * % %
* % % * *

L e L T L L T e Lt e e R D e L T
Dt e T e D T e D T s R I A Tl A A T T L

Variables used {n this routines

1 - Generic index.

LENGTH - The declared length of STRING,

LNTH - The location of the last tonblank character
in STRING,

STRING - A character string.

* % * * % % % ¥ %
* % * % ¥ % % % #*

WA A A e R R Tt TR e v R e VR o eI i e R o

INTEGER 1c
INTEGER LENGTH
INTEGER LNTH

CHARACTER¥(*)  STRING

Get the declared length of STRING using the FORTRAN 77 intrinsic
function LEN,

LENQTH = LEN( STRING )

Find the location of the last nonblank character in STRING,
DO 100 IC=LEMGTH,1,-1

LNTH = 1C

IF C STRING(IC:;IC) NE. / ¢ ) GO TO 200

100 CONTINUE

STRING §s all blanks,

INTH = O
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200 RETURN
BND

SUBROUYINE PRNCOE ( FILOUT , NPTS )

A R o Al o kO T T Ve B e e S e e

* % ¥ #* * * * * % =

This subroutine writes the data required to run MODULE
2 into the run data file. Variable names are {noluded
in the tile for informational purposes enly. All vari-
ables written into the run data file have been defined
previously, Hamed common blooks ABRO, BLADE, TURBN and
WIND first appear {in subroutine INPUT., Named common
blocks MATRX1 and MATRX2 are computed in subroutine
COBFFS,

* % > * % ¥ X* * % *

Vo e de v gl e e sl e de e e o Al e o B A o ok ok o A R e R R

KRR R RN HARRRRRL N RAAR RAR IR A RRA SRR N R AR AAN RN AR AV W N TR Rk

* ® * ¥ % * % % ¥ *T % % F X X * X » B 2 B

Named COMMON blocks usec {n this routines

AERO - Aerodynamic blade properties derived from
input aerocynamic data.

BLADE - Blade position deperlent values that are
computed by linear interpolation of the in-
put property data.

HUBYYP - Holds flag indicating the type of hub (ri-
gid or teetering).

LITERL ~ Data file titles used for printed output.

LOOVAL

MATRX1 - Holds some of the ocoefficient matrices of
the governing equation of motion.

MATRX2 - Holds some of the coefficient matrices of

the governing equation of motion.
YENSIN - Holds tension components of the stiffness
funotions,
Turbine related variables.
Wind related variables,

TURBN
WIND

.

* % % % * %2 * % ¥ ¥ * % ® T % * X X X * »

WRRAA AW AA A A AW R A I AIAT VY Y T T A Ak Ve e e i el et e ey o W o e o e o

RRNRAW IR RRARATRN N TN RRRA RV RAR AT RA AN A WA AN RV Ut s S o e e

£ % % * % * % ¥ * * * F ¥ » * *

Local and dummy variables used in this routine:

cot - Column index into matrices.

FILOUT - Literal containing the name of the output
data file,

1 - Generic index.

N - Generic index.

NPTS - Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root. (passed from FLAFY)

NSHPS - Numbar of blade shape funotions. Set to 1

for use by MODULE 2.

Row index into matrices,

i

ROW

* * % % * * ¥ ¥ * 2 * * T 2% *

x
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INTEGER coL
INTEGER [
INTEGER LNTR
INTEGER N
INTEGER NPTS
INTEGER NSHPS
INTEGER ROW

CHARACTER*50 FILOUT

INCLUDE C: INCLUDE\AERO. INC’
INCLUDE *C:INCLUDE\BLADE. INC!
INCLUDE /C:INCLUDE\LITERL. INC’
INCLUDE "C:INCLUDE\LNVAL.INC’
INCLUDE !C: INCLUDE\MATRX1. INC’
INCLUDE /C: INCLUDE\MATRX2. INC'
INCLUDE 'C:INCLUDENTENSIN. INC!
INCLUDE fC:INCLUDE\TRBINF.INC’
INCLUDE C:INCLUDE\TURBN. INC/
INCLUDE !C:INCLUDE\WIND. INC’
INCLUDE /C:INCLUDE\MQDAL . INC/

2000 FORMAT ¢ 3C A /> /)

2100 FORMAT ( A )

3000 FORMAT ¢ / 13X , ALENTH’ , 18X , 'ALPHAO’ , 18X , ' BETAO
& 7 3¢ 1PE24.10 ) )

3100 FORMAT ( / 13X , BLSHNK’ , 18X , ' BLTIP’ , 18X , ' CHI !
& / 3¢ 1PE26.10 ) )

3200 FORMAT ( / 13X , 'CSUBMA’ , 18X , 'DRGFRM/ , 18X , ’ HUBHT’

& / 3¢ 1PE24.10 ) )

3300 FORMAT ¢ / 13X , HUBRAD’ , 18X , ’ OMEGA/ , 18X , ' PHIO '
& / 3¢ 1PE26.10 ) )

3400 FORMAT ¢ / 13X , 'PHIAMP’ , 1BX , 'PHIOMG' , 1BX , 'PSIZER’
& / 3¢ 1PE24.10 ) )

3500 FORMAT ( / 13X , 'SHERXP’ , 18X , 'THETAP’ , 18K , 'THETAT'
& / 3¢ 1PE24.10 ) )

3600 FORMAT ( / 13X , / TSUBO’ , 18X , * TSUBP! , 18X , ' VHUB '
& / 3¢ 1PE24.10 ) )

3700 FORMAT ¢ / 10X , /KSHADW’ , 12X , /NBLADS'
& , 12X, 'NSHAPS’ , 12X , ' NPTS / / 114 , 3¢ 118 ) )

3860 FORMAT ( / 10X , 'NUNSCN=!, 16)

(
3870 FORMAT ( / 10X , 'TIMINC=', F10.5)
3880 FORMAT ( / 10X , 'MSTAT =/, 13)
4000 FORMAT ( / A, 26( / 4C 1PE18.7 , : ) ) )
5000 FORMAT ( / ' CKTCRLC' , 12 , ',K,L)~' , 4( / 4C 1PE18.7 ) ) )
6000 FORMAT ( / A / 4( 1PE18.7 ) )
6100 FORMAT ( / ' TCORLSC! , 11, ',1)-¢ , 26( / 4C 1PE18.7 , : ) ) )

)
o
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6050 FORMAT (
7000 FORMAT (

& )

¢ STA(D)-/ ,

Open output data file.

OPEN ( 2 , FILESFILOUT , STATUSS/UNKNOWN' )

Put titles in run data file.

WRITE (2,2000) TITLE1 , TITLE2 , TITLE3

Put scalar values into run data file.

WRITE (2,3000)
WRITE (2,3100)
WRITE (2,3200)
WRITE (2,3300)
WRITE (2,3400)
WRITE (2,3500)
WRITE (2,3600)

Use the value 2 for
Use the

MODULE 2.
NSHAPS.

NSHPS = 2

WRITE (2,3700)
WRITE (2,3860)
WRITE (2,3870)

WRITE (2,3880)
WRITE (2,6050)

ALENTH , ALPHAO
BLSHNK , BLTIP
CSUBMA , DRGFRM
HUBRAD , OMEGA
PHIAMP , PHIOMG
SHERXP , THETAP
TSUBD , Tsusp

’

'

BETAD
CHl
HUBHY
PHIO
PSIZER
THETAT
VHUB

/ 26( / 5C 1PE14.3, : )
/' CIFMOM(C! , 11, #, 1)1 , 26C / 4C 1PE18.7 , : ) ) )

8000 FORMAT ( / / Data for MODULE 2 have been written to / , A, './
/

KSHADW , NBLADS , NSHPS , NPTS

NUMSCN
TIMINC
MSTAT

( STA(l), I=1, MSTAT)

Put vector values into run data file.

WRITE (2,4000)
WRITE (2,4000)
WRITE (2,4000)
WRITE (2,4000)
WRITE (2,4000)
WRITE (2,4000)
WRITE (2,4000)

Put matrix coefficient values into run data file.

WRITE (2,4000)
& .
WRITE (2,4000)
& P
WRITE (2,4000)
& . (
WRITE (2,4000)

! CLALFA-/
! CLMAX -/
! CDZERO-’
! CHORD- /
! ECNTFN-/
! ESUBAC-'
! THETAO-'

! CKBEND-*

~

! CKTOMG-!

-~ ~

~ NN~~~

CLALFA(D)
CLMAX (1)
CDZERO(I)
CHORD (1)
ECNTFN(I)
ESUBAC(I)
TRETAO(D)

1=1,NPTS
1=1,NPTS
1=1,NPTS
1=1,NPTS
1=1,NPTS
1=1,NPTS
1=1,NPTS

NSHAPS, which is the preferred value for
variable name NSHPS to avoid overwriting

)

)
)
)
)
)
)

CKBEND(ROW,COL) , COL=1,4 ) , ROW=1,4 )

CKTOMGCROW,COL) , COL=1,4 ) , ROW=1,4 )
CKTGRV-* )

¢ CKTGRV(ROW,COL) , cOL=1,4 ) , ROM=1,4 )
!

CKQLDD -/

(®]



506

600

0O 0000

700

710

& . ( ¢ CKQLOD(ROW,COL) , COL=1,4 ) , ROW=1,4 )
WRITE (2,4000) / CMMASS-’
& ; ( ( CMMASS(ROW,COL) , COL=1,4 ) , ROW=1,4 )

DO 500 N=1,4
WRITE ¢2,5000) N , C ¢ CKTCRL(N,ROW,COL), COL=1,4 ), ROW=1,4 )

Put vector coefficient values into run data file.
WRITE (2,6000) ¢ CMRIGD-' , ¢ CMRIGD(I) , I=1,4)
WRITE (2,6000) ¢ CMBLNC-' , ( CMBLNC(I) , I=1,4 )
WRITE (2,6000) ' CMGRAV-' , ( CMGRAV(I1) , I=1,4 )

Put matrix tension values into run data file,

DO 600 N=1,4
WRITE (2,6100) N , ¢ TCORLSCN,I) , I1=1,NPTS )

Put vector gravity and centrifugal stiffening values into run
data file.

WRITE (2,4000) ' TGRAV-’/ , ( TGRAV(I1) , 1=1,NPTS )‘

WRITE (2,4000) ‘ TOMGA-/ , ( TOMGACI) , I=1,NPTS )
Put property values into run data file.

DO 700 N=1,4
WRITE (2,7000) N , ( CIFMOM(N,1) , 1=1,NPTS )

WRITE (2,4000) -’ DELTIM-/ , ( DELTIMCI) , [=1,WPTS )
WRITE (2,4000) ' OFFMAS-' , ( OFFMAS(l) , I=1,NPTS )

DO 710 [ = 1,64
WRITE(2,*) (LAMDA(I,J),J=1,4)
CONTINUE

Run file generation complete. Print message and close file.
WRITE (*,8000) FILOUT(1:LNTH(FILOUT))

CLOSE ( 2 )

RETURN
END
FUNCTION SIMPSN ( LOWLIM , UPLIM , NPTS , FOFX )

L a it a2l st s d e g el sl e e e e e e T L TR

*
This function performs composite Simpson’s integration *
on a given set of data points. The formulation appears *
in: *

*» % * %
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Carnahan, et al, Appl.ed Numerical Methods, John
Wiley and Sons, NY, pp. 78-79.

o
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Local and dummy variables used in this routine:

FOFX

LOWLIN -

UPLIM
NPTS

SIMPSN

.

Array of data points to be integrated. They
are treated as the value of a function eval-
uated at a specific point.

subinterval size..

Generic index.

Lower limit of integration.

Upper limit of integration.

Number of base points given by 2*N+1, where
N is the number of applications of Simpson’s
rule. See NSIMP in the main program. Note:
when calling from subroutine COEFFS, the
value of NP is used instead of NPTS.

Value of the integral from LOWLIM to UPLIM.

®* ¥ * * X * X X X X X X % % * ¥ ¥

TRARRNAA N ERRARNR R KRR R AR AR RN AN RIR R R AR AW T A A AA AR R AR Sy

REAL
REAL
REAL
REAL
REAL

INTEGEP
INTEGER

FOFX  (20T)

H

LOWLIM
SIMPSN
UPLIM

NPTS

Compute the subinterval size and initialize the integral.

H
SIMPSN

Add in the intermediate points.

¢ UPLIM - LOWLIM )/C NPTS - 1)

0.0

In the formulation, all even

numbered points have ccefficient of 4., In this case, the index
must be shifted to form the proper coefficient.

b0 10 I=2,NPTS-1,2
SIMPSN = SIMPSN + 4. 0*FOFX(1) + 2.0%FOFX(1+1)

SIMPSH

SIMPSN

RETURN
END

SIMPSN + FOFX(1) - FOFX(NPTS)

H*SIMPSN/3.0

FUNCTION TRPZOD ( FOF , LOWLIM , NP , BLTIP )
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ciency,

* % % * * * * ¥ *

Function TRP20D performs composite trapezoidal integra-
tion on a set of data points transmitted from the
calling routine.
limitations, see Carnahan, p. 78 (see full reference in
comments for function SIMPSN).

For derivation of the formula and

For computational effi-

the interval width is not used in the formula-

tion until the end when it is multiplied by the sum.

* * % % ¥ * % * *
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*

*

*

* FOF

*

*

*

* H

* 1

* LOWLIN
*

*

*

* NP

*

* TRPZOD
*

w

Local and dunmy variables used in this routine:

Array of data points to be integrated. They
are treated by this function as the value
of a function evaluated at specific points.
(dummy argument)

Subinterval length given by H=(B-A)/N.
Index into the FOF array.

Index of the lower integration limit. The
blade position indexed by LOWLIN is given
by BLTIP*(LOWLIM-1)/¢NP-1). (dummy argu-
ment)

Number of evenly spaced data points. (dummy
argument )

Value of the integral from the blade posi-
tion indexed by LOWLIM to BLTIP.

* X % * ¥ * % * F % *F ¥ ¥ % % ¥ % »
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REAL
REAL
REAL
REAL

INTEGER
INTEGER
INTEGER

Check to see if the lower and upper limits of integration are
1f so, the integral is zero,

the same.

BLT
FOF
H

P
(201)

TRPZOD

LOWLIM

NP

IF ( LOWLIM .EQ. NP ) THEN

TRPZ0D = 0.0
RETURN

END IF

Compute the distance between data points.

H = BLTIP/C NP - 1)
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Initialize integral to the contribution of the end points.

TRPZOD = 0.5%( FOF(LOWLIM) + FOF(NP) )

1f there are only two data points, then we are done.

IF ( LOWLIM#1 .EQ. NP ) GO TO 20

Add in the contribution of the intermediate points.

DO 10 I=LOWLIM+1,NP-1
10 TRPZ20D = TRPZOD + FOF(I)

Multiply by the interval width and return.

20 TRPZOD = H*TRPZ0OD

RETURN
END

SUBROUTINE MULT ¢ AMATRX , BMATRX, RESULT, M , N )

RRRA IR R IRV T e R AR I RN AR AR AR WA A RR AN AR KRR RN AR A e ek Ao

*
*  Subroutine MULT premultiplies two incoming matrices *
*  together. The result is stored in the RESULT matrix. *
* All matrices are considered to be square matrices up to *
* up to order 4. The matrix AMATRX gets multiplied *
*

by the matrix BMATRX.
FedeRedrdrdr A s A AT e Rl T vl W e A A AR e Al R v i s e e e ek ok e A Rk el e

WRARERRARRARINRW RN KU AR R AR A IR AR R AR KRR WA AT AR AR AR R R R A ATk d

External references in this routine:

]
L
* none
*

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

NONE

*
*
*
*

* % ¥ %
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Local and dummy variables used in this routine:

AMATRX - The incoming matrix to be premultiplied by
the inverse CMMASS matrix.

* % % % *
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BMATRX

The other incoming matrix which does the
mut tiplying.

The result matrix of the multiplications
Generic index.

Generic index.

Generic index.

Number of rows in the incoming matrix.
Number of columns in the incoming matrix.

RESULT

Z X KR . =
[ T T |

®* ¥ * * % * * * #*
* ¥ * * ¥ X * ¥ »

e A A AT R T T A T A e N 5 0 o o ek ol o Ao e e o e ok Yo ek ek

REAL AMATRX (4,4)
REAL BMATRX(4,4)

REAL RESULT(4,4)

INTEGER 1

INTEGER J

INTEGER K

INTEGER M

INTEGER N

Multiply AMATRX by BMATRX putting the result into RESULT.

DO 30 1=1,M
D0 20 J=1,N
RESULT(L,d) = 0.
DO 10 K=1,M
10 RESULT(1,J) = RESULT(1,J) + BMATRX(I,K) * AMATRX(K,J)

20 CONTINUE

30 CONTINUE

RETURN
END

e TR ]
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PROGRAM FLAPZ
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Forces & Loads Analysis Program

Module 2
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Version 2.01
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DISCLAIMER

Neither the United States Department of Energy, the
National Renewable Energy Laboratory,

the Midwest Research Institute nor anyone

else who has been involved in the

creation, production or delivery of this program shall
be liable for any direct, indirect, consequential, or
jncidental damages arising out of the use, the results
of use, or inability to use this program even if the
United States Department of Energy has been advised of
the possibility of such damages or claim. Some States
do riot allow the exclusion or limitation of liability
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for consequential or incidental damages, so the above
Limitation may not apply to you.

*
*
*
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The FLAP Code

FLAP calculates the forces and moments on a Wind tur-
bine blade due to aerodynamic, inertial and gravita-
tional forces. The aerodynamic effects include wind
shear, tower shadow and the induced velocity due to the
change in momentum of the air stream as it passes over
the blade. A dynamic stall model can be added without
substantial revision of the code.
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Module 2

This program is the second of two modules that consti-
tute the FLAP code. This second module performs the
actual model run, computes the Loads and prints the re-
sults to an external data file.
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Questions about the original formulation, theory, meth-
od of solution and programming should be addressed to:

Alan D, Wright

Wind Research Branch

Solar Energy Reseaich Institute
1617 Cole Blvd.

Golden, £O 80401

(303)231-7651
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1/0 Conve

Unit 2
Unit 3
Unit 4
Unit

* %+ * * % ¥ *

ik w Al e A

*
ntions: *
*
- Diagnostics file *
- Input run data *
- Results file *
- Monitor or keyboard *
»*
PR il e e el e A el e e

AR AR TN A A S e i e A W A st S e e e e s A e A R e e e e e e Aok

*

*  External
*

* DATAIN
i DIAG

*

* RUN

*
ARV R RN W e

references in this routine:

- Reads in a data generated by MOOULE 1.

« Performs a test run of the aerodynamic rou-
tines.

- Models the rotor blade motion.

* * * * * ®»
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Local and

ANS

HAVDAT

HAVRUN

NEWSET

* * * ¥ % * % * * * *

*®

HPTS

NSIMP

TODEGS

* % %* * % ®* ¥ * X Z *

duzmy variables used in this routine:

Used to store input responses from key-
board.

flag that indicates that some data has been
read in.

Flag that indicates that the model has been
run, Used for diagnostic runs.

Flag that indicates that a new data set has
been read in.

Number of points along the hlade used to
perform Simpson’s integration for calcu-
lating the moments and forces at the blade
root.

Order of the composiie Simpson’s integra-
tion used in the run. Parameter is set to
10 in order to make 21 blade property sta-
jons.

- Logical variable that indicates the diree-
tion of conversion between degrees and ra-
dians.

. * .
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INTEGER
INTEGER

INCLUDE
LOGICAL
LOGICAL
LOGICAL
LOGICAL

CHARACTER*1

NPTS
NSIMP

'C:INCLUDE\TRBINF.INC'
HAVDAY
HAVRUN
NEWSET
TODEGS

ANS



DATA |

DATA

DATA

DATA
100 FORMAT ¢

& 7

& /!

& 1!
110 FORMAT ¢ / !

& X

& "

& /!

& /!

& /!

& X
120 FORMAT ( / !
130 FORMAT ( A )
140 FORMAT ¢ / !

& /0
150 FORMAT ( / '

& Jl
160 FORMAT ( /
170 FORMAT ¢ / !

HAVDAT / .FALSE. /
HAVRUN / JFALSE. /
NSIMP /10 /

TODEGS / .TRUE. /

Response To Dynamic Loads’
MODULE 2/ )
Operations Menu’
emsumenE. manwawl
(R)ead in a data file’
(S)et up and run the model’
(Dyiagnostic run’
(T)urbulence analysis’
Quit’ )
Enter Option (R,S,0,7T,Q) > /)

You must select option (R) at least once before’
invoking this option.’ )

You must select option (S) at least once before!
invoking this option.’ )

Invalid response. Please try again,’ )

FLAP terminated normally.’ / )

Calculate the number of blade property stations.

NPTS = 2*NS1

MP + 1

Print title.

PRINT 100

Print memu of options. Ask for choice.

10 PRINT 110

20 PRINT 120
READ 130,

ANS

Which option was chosen?

IF ( ( ANS .

Read i
if thi

EQ. ‘R’ ) .OR. ( ANS .EQ. 'r/ ) ) THEN

pProgram For Analysié Of Horizontal Axis Wind Turbine’

n a data file. Convert limits values back to degrees

s isn’t the first time we’ve read in data.

IF ¢ HAVDAT ) CALL CONVRT ( TODEGS )
CALL DATAIN

HAVDAT =
NEWSET =
GO TO 10

ELSE IF ( (

.TRUE.
.TRUE.

ANS .EQ. 'S’ ) ,OR. ( ANS .EQ. ’s’ ) ) THEN

D-5
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Set up and run the model. Option (R) must have been
previously selected. '

IF ( HAVDAT ) THEN
CALL RUN ( NPTS , NEWSET , HAVRUN )
GO 70 10
ELSE
PRINT 140
GO TO 20
END IF

ELSE 1F ( ( ANS .EQ. 'D’ ) .OR. ( ANS .EQ. 'd’ ) ) THEN

Run diagnostics. Option (S) must have been previously
selected.

IF ( HAVRUN ) THEN
CALL DIAG ¢ NPTS )
GO TO 10

ELSE
PRINT 150
GO TO 20

END IF

ELSE IF ¢ ( ANS .EQ. 'T’ ) .OR. ( ANS .EG. ’t’ ) ) THEN
Run turbulence case. Option § must have been
previously invoked.

IF ( HAVRUN ) THEN
ITURB = 1
CALL TRBCLCC NPYS )
G0 TO 10
ELSE
PRINT 150

GO TO 20
ENDIF

ELSE IF ¢ { ANS .NE. ‘Q’ ) .AND. ( ANS .NE. ’q’' ) ) THEN

Invalid response.

PRINT 160
GO TO 20

END [F

Processing complete,
PRINT 170
STOP
END

BLOCK DATA

D-6
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" *
*  This module is used to initialize the COMMON blocks. *
* *
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Named COMMON blocks used in this routine:

AEROT - Hnlds coefficients related to aerodynamic

Loads catculations such as ClAlpha, CdZero,

etc.

Holds values used in aerodynamic calcula-

tions.

BLADE - Holds blade property values such as stiff-
ness and mass distributions.

CONST - Turbine and other constants used in load
calculations.

DELTV - Holds turbine inputs for possible future
use. Not currently used.

FORMS -~ Holds blade deflections.

INV - Holds the inverse of the mass matrix.

LIMITC - Holds values used in the LIMITS routine.

LITERL - Holds data set titles.

LODVAL - Holds values used to compute blade loads.

*
*
»
w
*
* AIRFRE
*
L
L]
]
*
*
w
*
*
*
*
*
* MATRX1 - Holds stiffness coefficient mstrices.
*
*
t ]
w
*
w
*
%
*
*
*
*
*
*
*
&«
*
*
*

MATRX2 - Holds some of the coefficient matrices of
the governing equation of motion.

POSUYN - Holds parameters related to blade position
such as PHl, PSl, etc.

SARAYS - Holds new and old values for the general-
jzed coordinates.

SHAPE - Holds blade coordinate shape functions.

START - Holds initial blade deflection.

TENSIN - Holds tension components of the stiffness
functions,

TURBN - Holds turbine parameters such as number of
blades, rotor speed, etc.

VINDUC - Holds induced velocity components.

VREL1 - Holds blade section velocity components.

WIND - Holds wind shear and tower shadow parame-
ters.

WNDVEL - Holds values used in wind shear and tower
shadow computations,

% % % % % * % % # % % % % * ¥ ¥ ¥ ¥ * * ¥ % % ¥ # ¥ * F ¥ * ¥ F * % % ¥ ¥ * =

ORI AW ek R A R A ST i A B A AT A U e i e e W e T Ao e e e e e A ek

WRRAARRAT T RRANRAARTEARRT FRRRTEREWRR TR IR TR R I A ke ket drde i Wi

COMMON variables used in Module 2 of FLAP:

ABAR - Dimensionless form of ALENTH ¢ ALENTH di-
vided by the rotor radius, RR ).

AINVRS - The inverse CMMATS matrix.

ALENTH - Distance from the tower axis to the rotor
hub. (feet)

ALPHAO - The angle from the zero-lift line to the

* * * % % ¥ 2 » %
* % * 3 * ¥ T * *
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BEGINZ

BETAO

BLSHNK

BLTIP

CDZERO

CHI

CHORD
CIFMOM
CKBEND
cKaLoo
CKTCRL
CKTGRV
CKTOMG
CLALFA
CLMAX
CMBLNC
CMGRAV
CHMMASS
CMRIGD
CSUBMA
CTHP
DAETA

DAZETA

DELPSI

DELTAT

DELTIM
PELTVX

DELTVY

DELTVZ

DRGFRM
DVIND

.

section-chord line. (Generally negative)
Azimuth position corresponding to the be-
ginning of print region 2. (degrees)
Blade coning angle. The value is {nput in
degrees and converted to radians. (radians)
(inpur data)

Length of blade shank measured from the
blade root to the start of the airfoil sec-
tion. If airfoil begins at the root, then
BLSHNK=0, (feet)

Blade length measured from the blade root
to the blade tip. Note - rotor radius is
HUBRAD + BLTIP, (feet)

Drag coefficient values at equidistant
points along the blade. Derived from
ACDZER values. (dimensionless)

Rotor pitch angle. Input in degrees and
converted to radians. (radians) (input
data)

Blade chord at egquidistant points along the
blade. Derived from ACHORD. (feet)
integral of D1FMOM.

Bending stiffness matrix.

Inertial moment stiffening matrix.

Coriolis stiffening matrix.

Gravity stiffening matrix.

Centrifugal stiffening matrix.

Slope of the lift curve at equidistant
points along the blade. Derived from ACLALF
values. (radians*-1)

The maximum or stall value of the lift co-
efficient. Derived from ACLMAX values.
Coefficient associated with the blade mass
imbalance (OFFSET).

Mass coefficients associated with gravita-
tional loads.

Blade mass matrix. 1t is also used in the
inertia force stiffening term.

Mass coefficients associated with rigid bo-
dy motion.

Pitching moment coefficient.

Cosine of the pitch angle, THETAP.
Differential aerodynamic forces on a blade
section in the chordwise direction.
Differential aerodynamic forces on a blade
section in the flapwise direction.
Delta-Psi. The amount Psi will change from
this step to the next. Used in Euler pre-
dictor/corrector routine.

The incremental time change from one step
to the next in the yaw solution (ITRIM=0),
Integral of DDELTI.

Turbulent wind velocity fluctuations. Not
currently in use. (feet/second)

Turbulent wind velocity fluctuations. Ne*
currently in use, (feet/second)

Turbulent wind velocity fluctuations. Not
currently in use, (feet/second)

Drag coefficient form constant.

The delta-V-induced velocity components.
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ECNTFN
ETAREA

END2

ERROR

ESUBAC

EUERR

FAERD

GRAV

HUBHY

HUBRAD

HUBVEL

1EMASS

1FMASS

ITRIM

KSHADW

MASS

NBLADS
NSHAPS

NYAW

OFFMAS
OFFSET

OMEGA

PH1

PHIO

.

.

1

Components are of order epsilon,
Coanplicated term,
Moment of inertia values at equidistant
points along the blade. Derived from
AEIARE data values. (Lb-Ft**2)
Azimuth position corresponding to the end
of print region 2. (degrees)
Difference between corrected and predicted
value of the blade tip displacements in the
Euler predictor/corrector routine.
Distance from the blade elastic axis to the
aerodynamic center. Positive towards the
leading edge. Derived from AESBAC values,
(feet)
Convergence criterior for computing blade
tip deflections via the Euler predictor/
corrector routine. (percent)
Aerodynamic force on the rotor.
Constant of gravitational acceleration as
measured at sea level. (feet/second**2)
Hub reference height above the ground.
(feet)
Radius of rotor hub, (feet) (input data)
Wind velocity at rotor hub. Currently
equal to Vhub. (feet/second)
Edgewise mass moment of inertia at equidis-
tant points along the blade section. Der-
ived from AIEMAS values. (10°6 Lb-sec*2)
Flapwise mass moment of inertia at equidis-
tant points atong the blade section. Der-
ived from A1FMAS values. (106 Lb-sec"2)
Flag indicating run status:

0 - Run to find yawing selution.

1 - Run to find trim solution.

2 - Trim startup run.
Number of toser shadow peaks within the
tower shadow zone. (input data)
Blade mass per unit length at equidistant
points along the blade., Input in Lbf/ft,
via the input variable WEIGHT, and convert-
ed to slugs/ft. (slugs/ft) (input data)
Number of turbine blades. (input data)
Number of btade shape functions, 4 maximum.
(input data)
Number of rotor revelutions to be run for
a yawing solution.
Integral of DOFEMS.
Distance from the elastic axis to the mass
axes of blade section, Positive towards
the leading edge. Derived from AOFFST val-
ues, Called E-sub-eta in the formulation,
(feet) (input data)
Rotor speed. Input in RPM and converted to
radians/second. (rad/sec) {input data)
Rotor yaw error angle., Angle between the
hub axis and the mean wind. Subscript in-
dicates which time derivative.
Rotor yaw reference angle. Measured as the
angle between a horizontal reference line
passing through the tower axis and the hor-
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PHIAMP

PHIOMG

P1
PRINT1
PRINT2
PS1

PSISHD

PSIZER

RAD2DG
RHOAIR

RR
RROMGA

S0

SHAPE

SHERXP
SNEW

SOLD

STEPMN

STEPMX

STHP
TCORLS

TGRAV

THETAO

izontal projection of the line between the
tower axis and the rotor hub. Input as de-
grees and converted to radians., (radians)
(input data)

Amplitude of periodic yaw motion about yaw
reference angle. Input as degrees and con-
verted to radians. (radians) (input data)
Maximum yaw rate. Used internally to com-
pute the yaw period. 1t can be used to in-
put a turbine steady vyaw rate. Input as
degrees/sec and converted to radians/sec-
ond. (radians/sec) (input data)

The constant 3,141592653589793. ..

Printout interval in print region 1.
Printout interval in print region 2.

Blade azimuth angle. The zeroth element is
the past value of Psi and the first element
contains the present value. A value of ze-
ro indicates the blade is straight up.
Azimuth position of the center line of the
tower shadow. When it is 180 degrees, the
tower shadow center line is oriented verti-
cally downward from the hub.

Half angle width of the tower shadow re-
gion. (degrees) (input data)

Radians to degrees conversion factor.

Air density. Curréntly set to sea level.
(Lb-sec”2/feet*4 or slugs/feet"3)

Rotor radius (BLTIP+HUBRAD). (feet)

A censtant used throughout the FLAP code.
(RRWOMEGA*P1/30)

Initial static blade deflection at the tip.
It is set in subroutine STARTUP.

Array containing shape functions evaluated
at regular intervals. The second subscript
corresponds to Nth spatial derivative,
Wind shear power exponent. (input data)
An arrsy of tip displacement function val-
ues for each of the STEPMX stations around
the disk., These are the results of the
current computation. The 2aroth element
has the same value as the 360th element of
SOLD.

An array of tip displacement function val-
ues for each of the STEPMX stations around
the disk. These are the results of the
previous computation. The 360th element
has the same value as the zeroth element of
SNEW.

Minimum allowable azimuth angle step size.
(degrees)

Maximum allowable azimuth angle step size.
(degrees)

Sine of the pitch angle THETAP.

Blade tension coefficient due to coriolis
effects.

Blade tension coefficient due to gravity
effects.

orientation of the zero lift line with re-
spect to the blade principal bending axis.
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THETAP

THETAT

TIME

TITLEY
TITLE2
TITLE3
TOMGA

TRACEF

TRMERR
TSHADMW
TSUBO
TSUsP
VETA
VHUB
VINDO

VINDC

VINDR
vy

VWIND
VZETA

WSHEAR

WSHR

.

.

Blade pitch angle. The angle ¢rom the flap
bending axis (assumed to be the chord line)
at the 3/4 spanwise location. The assump-
tion has been made that the bending axis
does not vary with spanwise location. In
effect, THETAP sets the blade pitch angle
and the direction of the flapping displace-
ments. Input in degrees and converted to
radians. (radians) (input data)
The built-in blade twist angle from the
section-chord line at the reference station
to the section-chord Line at the tip of the
rotor. Positive towards feather.
Total etapsed time from the beginning of
the yaw solution run. The zeroth element
holds the past value of time, and the first
elament holds the current value. (seconds)
First line of the data file title.
Second line of the data file title.
Third Line of the data file title.
Blade tension coefficient associated with
centrifugal force effects.
Flag that causes subroutine TRACE to print
the values of various variables around the
rotor disk.
Convergence criterion for computing the
trim solution. (percent)
The tower shadow velocity deficit.
Tower shadow wind speed offset component.
Tower shadow sinusoidal component,
Relative fluid velocity over the blade in
the edgewise direction.
Air speed at the height of the hub.
(ft/sec) (input data)
An induced velocity rotor term. It is uni-
form over the rotor disk.
An induced velocity component associated
with the Cosine(Psi) term.
Inflow minus uniform induced velogity.
The actual tip displacements computed from
the relation in subroutine FORM1:

V = Sum of S(1)YGAMMA(I)
and

VDOT = Sum of SDOT(!)YGAMMA(I),
where V-is a function of position along the
blade and time, § is a function of time and
GAMMA is the blade coordinate shape func-
tion. The index 1 denotes summation over
the coordinate function shapes, DOT is the
first derivative w.r.t. time. Thus:

w(o,1) = Vv = displacement

and WV(1,1) = V-DOT = velocity.
Resultant wind velocity at the rotor disk.
Relative fluid velocity over the blade in
the flapwise direction.
The harmonic or unsteady component of the
wind shear.
Individual harmonic components of the total
unsteady wind shear component.
Resultant windspeed at a blade element.
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INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

iNCLUDE

!C: INCLUDE\AERD1. INC!

!C:INCLUDENAIRFRC. INC/

C: INCLUDE\BLADE2. INC/

Cs INCLUDE\CONSTZ. INC’

'C: INCLUDE\DELTV. INC/

'C: INCLUDE\FORMS. INC'

C: INCLUDENINV, INC!

'C: IHCLUDE\LIMITC. INC/

C: INCLUDE\L ITERL. INC’

C: INCLUDE\LODVAL, INC/

C: INCLUDE\MATRX1. INC’

'C: INCLUDE\MATRX2. INC'

‘C: INCLUDE\POSITN. INC!

'C: INCLUDE\SARAYS. INC/

C: INCLUDE\SHAPE. INC’

/C: INCLUDE\START.INC’

'C: INCLUDE\TENSIN2. INC/

C:INCLUDE\TURBN. INC’

€2 INCLUDE\VINDUC. INC’

'C:INCLUDE\VREL1.INC/

'C:INCLUDE\WIND2. INC’

/C: INCLUDE\WNDVEL, INC/

Initialize COMMON blocks.

DATA
OATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

BEGINZ
DELPS!
DELTAT
DELTWX
DELTVY
DELTVZ
END2
EUERR
GRAV
KSHADW

/

/2
/ 2*
/ 21*
/ 21%
/2%
/

NN N

180.0
0.0
0.0
0.0
0.0
0.0

270.0

10.0
32.1740
1

NN N NNNS NSNS
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

END

SUBROUTINE ACCEL ( DEFLTN , VELCTY , ACCELN , NPTS , STEMP )
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NSHAPS
NYAW
PHI
PHIO
P1
PRINT1
PRINT2
Ps!
PSISHD
PSIZER
RADZDG
RHOATR
SHERXP
STEPMN
STEPMX
TIME
TRACEF
TRMERR
TSUBO
TsuspP
VHUB

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

1
0
3* 0.0
0.0
3.141592653589793
10.0
10.0
2* 0.0
180.0
15.0
57.29577951308233
0.002
0.14286
0.001
10.0
2 0.0
.FALSE.
10.0
10.0
10.0
27.1

NN N N N N N N N N N N N N N N N N SN SN N

Subroutine ACCEL computes the solution to the blade

equation of motion.

The coefficient matrices are

available for all four coordinate shape functions, but

the solution is only calculated for the number of func-
tions specified by the value of WSHAPS.

External references in this routine:

AFORCE - Calzulates the value of the aerodynemic
force integral.
- Calculates the values of the blade dis-
placement function.

FORM1

* * % ¥ * % *

* ¥ % * * ¥ % »
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*
*

*
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Named COMMON blocks used in this routine:

AIRFRC

CONST

MATRX1
MATRX2

POSITN

- Holds values used in aerodynamic calcula-
tions.

Turbine

and other constants used in load
calculations.

Holds stiffness coefficient matrices.
Holds some of the coefficient matrices of
the governing equation of motion.

- Holds parameters related to blade position

T

¥ % ¥ * % ¥ ¥ X ¥ ¥ »
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TURBN

* % * % % *

such as PH1, PSl, etc.

TENSIN - Holds tension tomponents of the stiffness

functions.
Holds turbine parameters such as number of
blades, rotor speed, etc.

* * * * * =

AR AR TN IR RARWR AN R TR IR IR IW RN AN AR KRR NI AR U AU T A Dl AR A A v
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AA
ACCELN

BB
BLDANG

c1
€2
c3
Cé4
€5
cé
c7
cc
cpsI
]
DEFLTN

EE
FF
66

NPTS

P1
P2
P3

QUANTY

spst
STEMP

VELCTY

2

Local amndd dummy variables used in this routine:

2.0*Omega*Sine( ThetaP ).

The solution to the equation of motion. It
corresponds to the S-double dot value in
the formulation, and is the current solu-
tion for the blade tip acceleration.
(feet/second™2)

Gravity times cosine of the blade azimuth.
Blade azimuth position used in the teeter-
ing rotor option.

Beta0*Omega“™2.

Omega*Phi*Cosine( Psi ).

dphi/dt*Sine( Psi ).

~Chi*Cosine( ThetaP ).

Sine( ThetaP )*Sine( Psi ).

Beta0*Cosine( ThetaP )*Cosine( Psi ).
Omega“2.

< QUANT172.

.

.

1

Cosine of the blade angle.

Complicated term.

The current value of the tip deflection,
corresponding to the S variable in the for-
mulation of the equation of motion.
QUANT12,

Omega*QUANT 1*Cosine( ThetaP )

Complicated term.

Generic DO index.

Generic DO index.

Generic DO index.

Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root. (passed from FLAP1)

Array used in computing acceleration.

Array used in computing acceleration.

Array used in computing acceleration.
Matrix used in computing acceleration.
Omega*Sine( ThetaP ).

Sine of the blade angle.

Temporary array holding the tip displace-
ment values. The third dimension repre-
sents the order of the time derivative.

The tip velocity corresponding to the S-dot
value in the formulation of the equation of
motion,

% % % % % % * % % % #F * 2% ¥ ¥ F * * X %X % * * * # % % * % ¥ % * B ¥ X *» ¥ ¥ * T * % T * * ¥ * =

HRVRIRAREINTRRTARARRRAENERRRRTAARRRAARRARR AR AR ARNA RN RN AR

D-14



REAL AA

REAL ACCELN (4)

REAL [:1:]

REAL BLDANG

REAL c7

REAL cc

REAL CPSI

REAL oD

REAL DEFLTN (4)

REAL EE

REAL FF

REAL GG

REAL P (4)

REAL P2 %)

REAL P3 %)

REAL Q (4,6)

REAL QUANT1

REAL SPS1

REAL STEMP (4,0:1,0:2)
REAL VELCTY (4)

INTEGER K

INTEGER M

INTEGER N

INTEGER NPTS

INCLUDE C:INCLUDEN\AIRFRC. INC’
INCLUDE /C:INCLUDE\CONST2. INC/
INCLUDE '€ INCLUDE\MATRX1. INC’
INCLUDE € INCLUDE\MATRX2. INC’
INCLUDE €2 INCLUDE\POSITN. INC/
INCLUDE 'C2INCLUDE\TURBN. INC’

BLDANG = PSI(1)

CALL FORM1 ( STEMP , NPTS , NSHAPS )
CALL AFORCE ( NPTS , BLDANG )

calculate constant coefficients.

SPSI = SIN( BLDANG )

CPS1 = COS( BLDANG )

QUANTY = OMEGA*STHP

AA = 2.0%QUANT1

88 = GRAV*CPSI

cc = QUANT T*QUANT1

DD = CTHP*( OMEGA™OMEGA*BETAQ + 2.0%OMEGA*PHI(1)*CPSI
& + PHI(2)*SPS] )

EE = CC

FF = OMEGA*QUANTT*CTHP
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GG = GRAV¥( -1.0%CHI*CTHP + STHP*SPS1 + BETAO*CTHP*CPSI )
c7 = OMEGA™OMEGA

Compiite P1 (see formulation notes).

DO 10 M=1,NSHAPS
10 P1(M) = FARRO(M) + FF*CMBLNC(M) + GGCMGRAV(M) - DD*CMR1GD(M)
Compute P2 - S(M) product (see formulation notes).

DO 20 M = 1, NSHAPS
20 P2(M) = EE*DEFLTN(M)

Compute U(M,K) - SCK) products (see formulatioh notes).
DO 50 M=1,NSHAPS

P3(M) = 0.0

DO 40 K=1,NSHAPS

Q(M,K) = CC*CKQLOD(M,K) - CKBEND(M,K)
& - CT*CKTOMG(M,K) + BB*CKTGRV(M,K)

DO 3D N=1,NSHAPS
30 Q(M,K) = Q(M,K) - AANVELCTY(NY*CKTCRL(N,M,K)

P3(M) = P3(M) + Q(M,K)*DEFLTN(K)
40 CONTINUE

50 CONTINUE

Compute new value for tip acceleration.

DO 60 M=1,NSHAPS
60 ACCELN(M) = P1(M) + P2(M) + P3(M)

RETURN
END
SUBROUTINE AERO ( NPTS , BLDANG )

KRR N R IAIAT R ARTN ARG TRRENRNA DA AR R AR A IR AR TR AR RN R IR R

Subroutine AERC computes the aerodynamic forces on the
blade as a function of position along the blade. The
result is an array of values for D~A(ETA) and D-A(ZETA)
for each NPTS station down the blade.

* % * ¥ * #
* * % * * %

FARN AR AR AR ARAN R AR R ARAARR IR E AN R X CERRE R A R AR ik ek

FIAHARERR AR KR TR R TR RN TRRRNRNA R R RIS AR RIS R AT RA RN RN RN AR

* *
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VREL

External references in this routine:

- Calculates the relative velocity components
for each blade station.

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

AERD1 ~ Holds coefficients related to aerodynamic
loads calculations such as ClAlpha, CdZero,
ete.

AIRFRC - Holds values used in aerodynamic calcula-
tions.

BLADE - Holds blade property values such as stiff-
ness and mass distributions.

CONST - Turbine ard othar constants used in load
calculations,

TURBN - Holds turbine parametars such as number of
blades, rotor speed, etc.

VREL1 - Holds blade section velocity components.

* % % #*F ¥ % %* F ¥ * % F X X * *

HRARAARARARETAR RN TR AR RRRTRTRRRARRR R R AR RN AR RN drd R d R iR dededk

RRARNFA R RN IR IR R AR RARI AN AR AN AT RN R R AR AR SRR RN R RN

% % % % ¥ % ¥ * * 2 2 #F 2 ¥ @ % % * ¥ * »

Local and dummy variables used in this routine:

ALPHA -~ Angle of attack. Includes blade twist con-
tribution. (radians)

BLDANG - Blade azimuth position.

€2 - 0.5*AirDensity*ChordLength.

CORAG - Drag coefficient.

CLIFT ~ Coefficient of lift, Equal to angle of at-
tack times the lift curve slope.

1 - Generic index.

INBORD - The number of blade stations that are not
on the airfoil section. INBORD is used in
other routines to differentiate betueen
sections of the blade with and without an
airfoil section.

NPTS - Number of points along the blade used to

perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root. (passed from FLAP1)

% %2 % * % % % ¥ X * ¥ % % X * * % * 2 2 *

ARRRARRTERERRNREEERRRRNRTARNRRRARRERARARERETANRRRRERR RN NN RN

REAL ALPHA
REAL BLDANG
REAL co2
REAL CORAG
REAL CLIFY
INTEGER 1
INTEGER INBORD
INTEGER NPTS
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INCLUDE - /C1INCLUDENAEROT . INC/

INCLUDE 'C1INCLUDENAIRFRC. INC/
INCLUDE 1 INCLUDE\BLADEZ, INC'
INCLUDE fC¢ INCLUDE\CONST2. INC/
INCLUDE T+ INCLUDE\TURBN. INC’
‘INCLUDE *C3 INCLUDE\VREL1. INC’

Get the relative fluid velocities from each blade section.
CALL VREL ( INBORD , NPTS , BLDANG )
Clear out the aerodynamic load values for the inboard portion
of the blade - that is, the portion of the blade without any
airfoil section, This {s related to BLSHNK.
00 10 I=1,NPTS
IF (1 .LT. INBORD ) THEN
DAETA(I) = 0.0
DAZETA(1) = 0.0

W) = 0.0

ELSE

See the formulation notes for the derivation of the
equations for DAETA, DAZETA and the other values.

cb2 = 0.5*RHOAIR*CHORD(1)

WW(1) = SQRT( VETA(I)*VETA(I) + VZETA(I)*VZETA(I) )
ALPHA = ATANC VZETAC1)/VETACL) ) + THETAOCI)

CLIFT = ALPHA*CLALFA(1)

CLIFT = SIGNC AMINT( ABS( CLIFT ) , CLMAX(1) ) , CLIFT )

CDRAG = CDZEROCI) + DRGFRM*CLIFT**2
DAETACL) = CO2*WW(I)*( CLIFTAVZETA(1) - CDRAG*VETA(I) )
DAZETA(I)= CD2*WW(I)*( CLIFT#VETA(I) + CDRAGAVZETA(1) )

END IF
CONTINUE
RETURN

END
SUBROUTINE AFORCE ( NPTS , BLDANG )

HRRRARARTRRNRRAAN RN RAATORRA RN AR AN S A AR N R AR e e A v de e s o e e e e
" *
* Subroutine AFORCE calculates the value of the aerody- *
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namic force integral used in solving the blade equation
of motion.
grated along the blade from the root of the airfoil
section to the blade tip, and then multiplied by the
inverse of the CMMASS matrix that was input in the
DATAIN routine. There is one AFORCE value for each of
the coordinate shape functions specified by the value
of NSHAPS.

The aerodynamic force, D-A(ZETA), is inte-

* % % * * % * ® *

WAWN AW A AT A IR AT A A W AT o A A T o oo 90 A ol T W e o e e e et e e e e e W

FRAIRA AR AR R R ERRA AR ARARR AR TRENIA R R RN R AR AR AR R A RISt Wk Rk d

* % % X * * *

AERO

SIMPSN

External references in this routine:

- Calculates the aerodynamic forces on the
blade.

- Composite Simpson’s integration.

* * * ® % * *

AR AR A A A IR A W I A ST e S S w9 S e Wkl e o e o e e e e e Ve S e

VA A Yoy S e e s AT A o e A ol Ao e A o ke e o ol e e W o el v ey e e o e e s o

% % ® % ¥ * * * * * =

AIRFRC

BLADE

MATRX1
TURBN

Named COMMON blocks used in this routine:

- Holds values used in aerodynamic calcula-
tions.

- Helds blade property values such as stiff-
ness and mass distributions.

- Holds stiffness voefficient matrices.

- Holds turbine parameters such as number of
blades, rotor speed, etc.

* % * % * » ¥ ¥ * * %

WA RN I AR AT A T W R AR IR AA AW AT A Ve st o 4 e Py Yotk e e e e e o J it e e e e W e
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* % % % % % * % X ¥ T ¥ % * *

BLDANG
FOFZET

FTEMP
!

L

M
NPTS

Local and dummy variables used in this routine:

- Blade azimuth position.

- Product of the dA(Zeta) and the shape
function.

- Temporary array.

- Generic index.

- Generic index.

- Generic index.

- Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root. (passed from FLAP1)

* % % * % * % * % % * ¥ * * *

RRARINAARAAREETRTENRARA AN R RENARRA R AR T RAARAAR I NRR TN TERRRY

REAL
REAL
REAL
REAL

INTEGER

BLDANG
FOFZET (21)
FTEMP (&)
SIMPSN
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INTEGER M

INTEGER NPTS

INCLUDE 'C2INCLUDE\AIRFRC. INC!

INCLUDE 'C: INCLUDE\BLADEZ. INC'

INCL@E 'C: INCLUDE\MATRX 1, INC’

INCLUDE !C: INCLUDE\SHAPE . INC’

INCLUDE 'C: INCLUDE\TURBN. INC’
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 M=1,NSHAPS

DO 10 1=1,NPTS
10 FOFZET(1) = DAZETAC1)*SHAPE(M,0, 1)

c Compute the integral of dF(Aero) along the blade.

FAERO(M) = SIMPSN( 0.0 , BLTIP , NPTS , FOFZ2ZT )

20 CONTINUE

o Hultiply the F-AERO integrals by the inverse of the CMMASS

[ o]

coefficient matrix. This is done for the specified number

c of shape functions.

DO 50 M=1,NSHAPS

FTEMP(M) = 0.0

DO 40 L=1,NSHAPS
40 FTEMP(M) = FTEMP(M) + CMMASS(M,L)*FAERO(L)

50 COMTINUE

c Replace the F-AERO values by their corresponding values
[ multiplied by the CHMASS inverse coefficient matrix.

DO 60 H=1,NSHAPS
60 FAERO(M) = FTEMP(M)
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RETURN
END
SUBROUT

INE CAPS ( STRING )

A RRDRRRTRRAR AR WA VA AR AT W AT T A TV U A TR N WA AT I A e A e A e oh e v e

*» % * % % & % % % *

Subroutine CAPS 1is used to convert alphabetic charac-
ters into upper case, It assumes that all the lower
case letters are in one contiguous block and all the
upper case letters are in another contiguous block.
This routine will need to be changed to work with a
noncontiguous character set like [BM‘s EBCDIC. It is
not needed for an upper case only character set like
CoC’s Display Code.

* % % * % % ¥ * *

FRAARTRTAXIRKRAAIRREEERETARREAARERTRR AR ENARTIRARRA RN RN’

* * % » 7

External references in this routine:

none

*

* * 2 #

ARERRARRERR AR N RN RRNARNRIL A NRIR TR RNRRNT AN R R AR R ATI R T ek ok

ARRR IR R AR AR A A AR R R R A AR ARl AT i A e et i d s W i s e Ay e sl e e dede dr e o

* *
*  Local and dummy variables used in this routine: "
* *
* DIFF - Numerical difference between ‘A’ and ‘a’. *
" ! - Generic index. *
* LENGTH - The declared length of the given string. *
* STRING - The string needing to be converted to upper *
* case. *
« .
Rad g gt ot el A e bl st el s ]

INTEGER DIFF

INTEGER 1

INTEGER LENGTH

CHARACTER*(*)  STRING

Compute the numerical difference between ‘A’ and 'a’.

DIFF =

Get

ICHAR(C ’a’ ) - ICHAR( ‘A’ )

the length of the string.
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LENGTH = LENC STRING )

Look for lower case letters. Convert them to upper case.
b0 100 I=1,LUNGTH

1F ¢ ¢ STRING(I:1) .GE. ’‘a’ ) ,AND.
& ( STRING(CI:I) (LE, ‘z! ) ) THEN

STRING(1:!) = CHAR( ICHARC STRING(1:1) ) - DIFF )
END IF
100 CONTIMUE
RETURN

END
SUBROUTINE CONVRT ( TODEGS )

WK R AR AR IR AR AR AR AR R R R AR R AW R AR AR A d i e e Al s st

* * % » % T * » %

and LIMITS routines more ’User Friendly’.

Subroutine CONVRT performs the units conversion speci-
fied by the logical value of TODEGS. The calling rou-
tine sends a value of .TRUE. to indicate conversion to
degrees or .FALSE. to indicate conversion to radians.
This conversion back and forth between radians and de-
grees is to make the interactive portions of the SEYUP

%* ¥ % ¥ % ¥ ¥ * »

Ladad ot aaa d o d i s d et st a g n gt d s el 2t el et e 2 ad et ds)

RWRAR AR RNWRARRTRAAANTRARNRRRR AR RN R R AN RN T AR WA

External references in this routine:

none

% % % 2 =

* % * % *

WHRRRRIRAREREARRTRRAR AR TNR TR AT A TR RN T TR W RSN RIRRR AR RN NRS

TR R LR W R RARTNTRNAI RN AR IR AN RR AN RNRAR R A ek A i A e iAok

blades, rotor speed, etc.

ters.

WIND - Holds wind shear and tower shadow parame-

*

*  Named COMMON blocks used in this routine:

*

* CONST - Turbine and other constants used in load
* catculations.

* LIMITC - Holds values used in the LIMITS routine.

* TURBN - Holds turbine parameters such as number of
*

w

*

*

%* ¥ % * % % ¥ ¥ * * %

NREWRIANR RN ERE A EERRA T AR ENTR AT ER R AT TR dedrr W e e debrdede

YRR U i Ui S e s I WA AR T e YA T S et Ao el o Ve el et el e e gy

*

* Local and dummy variables used in this routine:
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FACT1 - Conversion factor.

FACT2 - Conversion factor,

TODEGS - Logical variable that indicates the direc-
tion of conversion between degrees and ra-
dians,

* % * % * % *
%* % % * % * %

RN RRARATRRA RN RN AN AN R AR AR W RN A A R A W W R R et i bl

REAL FACT1

REAL FACT2

LOGICAL TODEGS

INCLUDE 'C1INCLUDE\CONST2. INC!
INCLUDE 'CLINCLUDE\LIMITC. INC/
INCLUDE 'C:INCLUDE\TURBN. INC!
INCLUDE /C:INCLUDE\WIND2. INC/

For all calls to this routine, set the conversion factors
specific to the unit conversion required. Then perform the
conversions and return to calling routine.

1F ( TODEGS ) THEN

Convert from radians and radians/second to degrees and RPM.

FACT1 = RAD2DG
FACT2 = 30.0/P1

ELSE

Convert from degrees and RPM to radians and radians/second.

FACT1 = 1.0/RAD2DG
FACT2 = P1/30.0

END IF

Convert !free’ variables from the SETUP routine.

BETAD = FACT1*BETAC
ALPHAQ = FACT1*ALPHAC
CHI = FACTI™CH]
PHIAMP = FACT1*PHIAMP
PHIOMG = FACTI*PHIOMG
PHIO = FACT1"PHIO
PSISHD = FACT1*PSISHD
PSIZER = FACTI*PSIZER
THETAP = FACTI*THETAP
THETAT = FACT1*THETAT
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OMEGA

= FACT2*OMEGA

Convert ‘limits’ variables from the LIMITS routine.

BEGIN2
END2

PRINT1
PRINT2
STEPMX
STEPMN

RETURN
END

= FACT1*BEQIN2
FACT1*END2

FACT1*PRINT1
= FACT1*PRINT2
= FACT1*STEPMX
= FACTI*STEPMN

SUBROUTINE DATAIN

Rla it ad e ot a s b a2t d DA st bl s e e 2 2t e g

* % % % % % % * * #*

Subroutine DATAIN reads the data file produced by the
PRNCOE routine of Module 1. The name of the run-data
file is specified interactively. DATAIN opens the spe-
cified file, reads the data and then closes the file.

Note: If any changes bhave been made to the <format of
the run-data file in PRNCOE of Module 1, then the
same changes MUST be made to DATAIN.

* * % ¥ % % % % * »

WRIR AL R AR IR WU N R NN R AR R AR AR IR R A e WA A Ik dededede e i Al
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»*

*®
w
*
L

External references in this routine:

CONVRT - Performs units conversions.

* * ¥ % ¥
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Named COMMON blocks used in this routine:

AERO1 - Holds coefficients related to aerodynamic
loads calculations such as ClAlpha, Cd2ero,
etc,

BLADE - Holds blade property values such as stiff-
ness and mass distributions,

LITERL - Holds data set titles.

LODVAL - Holds values used to compute blade loads.

MATRX1 - Holds stiffness coefficient matrices.

MATRX2 - Holds other matrices related to coriolis
stiffening, gravity, etc.

TENSIN - Holds tension component integrals.

TURBN - Holds turbine parameters such as number of
blades, rotor speed, etc.
WIND - Holds wind shear and tower shadow parame-

ters.
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TORADS - Flag used to tell CONVRT to convert ’free’

variables to radians.

AR RT TN o B WA AT e AT T S o o Y Al Y v e o o A S T e e oy A e A e W W R ok b
LA ddada g dd o a2t el a2t d ety Dt e DA TRt Tl D e
*

* Local and dummy variables used in this routine:

]

* coL - Column index into matrices.

* 1 - Generic index.

* N - Generic index.

b NPTS - Number of points along the blade used to

* perform Simpson’s integration for calculat-

* ing the moments and forces at the blade

® root. (passed from FLAP1)

» ROW - Row index into matrices.

* RUNDAT - Name of file containing run data,

*

*

-

* % % #* * *» * *» % * * * % * %

HRERERNRAERAARR TN RUATERATRAT AR EANRAARIERRRTRTRIRRRRER DR TR AR

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
' CHARACTER*S0
LOGICAL
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
IMCLUDE

SAVE

DATA

coL

NPTS

ROW

RUNDAT

TORADS
’C: INCLUDE\AERO1. INC!
!C: INCLUDE\BLADEZ2. INC'
'C: iNCLLDE\LlTERL. INCY
/C:INCLUDE\LODVAL. INC/
Cs INCLUDE\MATRX1. INC!
C:INCLUDE\MATRX2. INC'
‘C:INCLUDE\TENSINZ. INC!
'C:INCLUDE\TRBINF . INC!
C: INCLUDE\TURBN. INC’
fC:INCLUDE\WIND2. INC!
/C: INCLUDE\MODAL . INC’

TORADS

TORADS / .FALSE. /

2000 FORMAT ( 3C A/ ) /)
2100 FORMAT ( 9X , L7 )

3000 FORMAT ¢ // 3¢

1PE24.7 ) )
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3100
3400
3500
3600
3700
4000
4100

100

OPEN ( 3 , FILE=RUNDAT , STATUS=/OLD’ , ERR=110 )

110

200

FORMAT ( // 114 , 3( 118 ) )
FORMAT ( / 18X, 16)

FORMAT ( / 18X, F10.5)
FORMAY ( / 18X, 13)

FORMAT ( / 2¢ / 5(C 1PE14.3 ,
FORMAT ¢ / 6¢ / 4( 1PE1B.7 ,
FORMAT ( '&done.’ )

Get name of run-data file.

PRINT *, /¢

)
t )

)
D

Open it.

PRINT *, ‘Enter the name of the file that contains run-data > '

READ (*,/(A} ) RUNDAT

PRINT *,  ‘Reading in new data...’

GO YO 200

Error opening data file.

PRINT *, ¢ >>> Run-data file not found.

GO TO 100

Read titles .

READ (3,2000) TITLE1 , TITLE

Read scalar data.

READ (3,3000) ALENTH , ALPHA
READ (3,3000) BLSHNK , BLTIP
READ (3,3000) CSUBMA , DRGFR
READ (3,3000) HUBRAD , OMEGA
READ (3,3000) PHIAMP , PHIOM
READ (3,3000) SHERXP , THETA
READ (3,3000) TSUBO , TSUBP
READ (3,3100) KSHADW , NBLAD
READ (3,3400) NUMSCN

READ (3,3500) TIMINC

READ (3,3600) MSTAT

2,

0,
.

L

G,
Py
.

S,

TITLE3

BETAD
CHI
HUBHT
PHIO
PSIZER
THETAT
VHUB
NSHAPS

READ (3,3700) ( STA(I), I=1,MSTAT)

Read in vector values.

READ (3,4000) ( CLALFACI) ,
READ (3,4000) ( CLMAX (1) ,
READ (3,4000) ( CDZERO(I) ,
READ (3,4000) ¢ CHORD (1) ,
READ (3,4000) ( ECNTEN(D) ,
READ (3,4000) ( ESUBAC(1) ,
READ (3,4000) ( THETAOCI) ,

1=1,
1=1,
1=1,
1=1,
1=1,
1=1,
1=1,

NPTS
NPTS
NPTS
NPTS
NPTS
NPTS
NPTS

(R VARV "2 YR N V4

. NPTS

Try again.

<<<!
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Read in coefficient matrices.

READ (3,4000)
READ (3,4000)
READ (3,4000)
READ (3,4000)

"READ (3,4000)

CKBEND(ROW,COL) , COL=1,4 ) 4
CKTOMG(ROW,COL) , COL=1,4 ) , ROW=1,4 )
CKTGRV(ROW,COLY , COL=1,4 ) , ROW=1,4 )
CKALOD(ROW,COL) , COL=1,4 ) , ROW=1,4 )
CHMASS(ROW,COL)Y , COL=1,4 ) , ROW=1,4 )

A~ A~
—~ N N~ o~

DO 300 N=1,4
300 READ (3,4000) ¢

~

CKTCRL(N,ROW,COL) , COL=1,4 ) , ROW=1,4 )

Read in vector coefficients.
READ (3,4000) ( CMRIGD(I) , '

1=1,6 )
READ (3,4000) (¢ CMBLNCCI) , 1=1,4 )
READ (3,4000) ¢ CMGRAV(I) , 1=1,4)

1

Read tension arrays.

- DO 400 N=1,4
400 READ (3,4000) ( TCORLSCN,I) , 1=1,NPTS )

READ (3,4000) (¢ TGRAV(1) , I=1,NPTS )
READ (3,4000) ( TOMGA(I) , I1=1,NPTS )

DO 410 N=1,4
410 READ (3,4000) ( CIFMOM(N,1) , 1=1,NPTS )
Read arrays of special load computation functions.

READ (3,4000) ( DELTIM(I) , I=1,NPTS )
READ (3,4000) ( OFFMAS(1) , I=1,NPTS )

DO 500 1 = 1,4
READ(3,*) (LAMDA(I,d),d=1,4)
510 CONTINUE
500 COMTINUE
Processing complete. Close data file.
PRINT 4100
CLOSE ( 3 )
The units are converted to radians and radians/second to permit
compatibility between newly input data and data being used for
consecutive model runs. Thus the DIAG and RUN routines do not

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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Subroutine DIAG performs a test run of the aerodynamic
routines for diagnostic purposes. It steps around the
rotor disk in specified increments and calculates the
aerodynamic forces along the blade, the relative veloc-
ity components, the induced velocity components and the
Wwindspeeds. These are printed out in chart form for
each specified azimuth printout interval around the
disk. DIAG can be run repetitively for sensitivity
analyses.

The following parameters are printed for each of the
specified positions around the disk:

DAETA DAZETA VETA VZETA VWIND
WSHEAR VINDR VINDO DVIND ALPHA
CDZERO CLLIFT w

%* % % % % %X * % £ % % * *. % % * * #*

PN e e T A e A e e YA e AR A e R e W A A ok ek Y A A e ot e e s e et sk

FAW A AT AW Aok YA de A e 1o e 22T s YA T A e o e de A oot Y el s o e el e e v o e e e e o

* 2 % ¥ ¥ ¥ X *

External references in this routine:

AEROD - calculates the aerodynamic forces on the
blade.

CONVRT - Performs units conversions.

SETUP - Interactive modification of free variables.

* ¥ ¥ * % * %

KARRARNRANRRRRRAA AN RARAR AR RRN RN AR RN KR AR TR R AR AR AR R KR kAR N Ak

KHA KR WRTRAN K KRR I IR KR RA T RRA KRR AR TR AR RARINERRRRAIRR R AR AR KRR

* % ® % ¥ ¥ 3 ¥ ¥ ¥ X ¥ % % ¥ ¥ ¥ 2 * * F ¥ F F X X ¥

Named COMMON blocks used in this routine:

AERD1 - Holds coefficients related to aerodynamic
loads calculations such as ClAlpha, CdZero,

etc.

#°RFRC - Holds values used in aerodynamic calcula-
tions.

BLADE - Holds blade property values such as stiff-
ness and mass distributions.

CONST - Turbine and other constants used in {oad

calculations.

DELTV -~ Holds turbine inputs for possible future
use. Not currently used.

FORMS - Hotds blade deflections.

POSITN - Holds parameters related to blade position
such as PHI, PSI, etc.

SARAYS - Holds new and old values for the general-
ized coordinates.

SHAPE - Holds blade coordinate shape functions.

TURBN - Holds turbine parameters such as number of
blades, rotor speed, etc.

VINDUC - Holds induced velocity components.

VREL1 - Holds blade section velocity components.

WNDVEL - Holds values used in wind shear and tower
shadow computations,
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*

* |Local and dummy variables used in this routine:

w

* ALPHA - Angle of attack., Includes blade twist con-
» tribution. (radians)

" ANS - Used to store input responses from key-
* board.

* BLDANG - Blade azimuth position.

* CLLIFT - Coefficient of lift. Equal to angle of at-
* tack times the Lift curve slope.

* ! - Generic index.

b ICALL - Counter to save the number of calls to sub-
* routine DIAG, Used to open output file,

* IDPSI - Printout interval in whole degrees around
* the rotor disk.

* IPSI -~ Do loop counter for azimuth position.

* 1PT - Array index used for trapezoidal integra-
" tion.

* NPTS - Number of points along the blade used to
* perform Simpson’s integration for calculat-
* ing the moments and forces at the blade
* root. (passed from FLAP1)

* NSHP - Counter on DO loops for the coordinate
* shape function.

* TODEGS - Flag used to tell CONVRT to convert 'free’
" variables to degrees.

* TORADS - Flag used to tell CONVRT to convert free’
* variables to radians.

*

% % % ¥ * * #* * * * % * % % ® ¥ ¥ % X * ¥ F * F ¥ % * * *
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REAL
REAL
REAL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

CHARACTER*1

LOGICAL
LOGICAL

INCLUDE

" INCLUDE

INCLUDE

INCLUDE

ALPHA  (21)
BLDANG
CLLIFT (21)

1
ICALL
1DPS1
1PS1
IPT
NPTS
NSHP
ANS

TODEGS
TORADS

C: INCLUDE\AEROY. INC/
C:INCLUDE\AIRFRC. INC'
'C: INCLUDE\BLADEZ. INC'

'C:INCLUDE\CONST2. INC/

(&)
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INCLUDE C: INCLUDE\DELTV. INC/

INCLUDE /€2 INCLUDE\FORMS. INC'
INCLUDE /C:INCLUDE\POSITH. INC/
INCLUDE /C: INCLUDE\SARAYS. INC/
INCLUDE 'C: INCLUDE\SHAPE . INC’
INCLUDE C: INCLUDE\TURBN. INC’
INCLUDE C: INCLUDE\VINDUC. INC/
INCLUDE C: INCLUDE\VREL1.INC!
INCLUDE C: INCLUDE\WNDVEL . INC!
SAVE ICALL

SAVE TODEGS

SAVE TORADS

DATA ICALL 70/

DATA TODEGS / .TRUE. /
DATA TORADS / .FALSE. /

CHARACTER *20 WRTAIR

1000 FORMAT ¢ 1/ //// 10X , !Test Run of Aerodynamic Routines’ /// )
2000 FORMAT C ////// 10X , 'Azimuth position: PSI = ! , 13

& , 10X , 'Hub velocity = ¢ , F10.3
& / 48X , 'TSHADW = ! , F10.3 )

2100 FORMAT ( /// ¢ 1  DAETA(1) DAZETACI) VETA(I) VZETA(I)!
& + ' VWINDCI) WSHEAR(CI) VINDRCI) VINDO(I)!
& , ! DVIND(I) ALPHA(I) CDZEROC!) !

& + ' CLLIFT(I) W1, /)
2200 FORMAT ( 14 , 13( 1PE10.3 ) )
3000 FORMAT ¢ A )

c 1f this is the first time DIAG is called, open the output file.

100 YF ( ICALL .EQ. O ) THEN
OPEN ( 2 , FILE='DIAGMOS.DAT! , STATUS='UNKNOWN'
, + CARRIAGECONTROL=/FORTRAN' )
ICALL =1

END IF

&

PRINT *, /Read in name of airloads output file’
READ*, WRTAIR
OPEN( 20, FILE = WRTAIR, STATUS = ‘UNKNOWN')

¢ Print heading in diagnostic file.
WRITE (2,1000)
PRINT *, ¢+ ¢

PRINT *, ‘Subroutine DIAG: Diagnostic run and output’
PRINT *, ¢ ¢

)
v
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Convert values into degrees.

CALL CONVRT ¢ TODEGS )

Run setup routine,

CALL SETUP

Convert values back into radians for internal use.

CALL CONVRT ( TORADS )

Ask for printout interval.

PRINT *, ' !
PRINT *, ‘Enter printout interval around rotor disk in whole /

& , ‘'degrees > !

READ *, 1DPSI

DELPSI(1) = 1DPS1/RADZDG

- DELTAT(1) = DELPS1(1)/OMEGA

200

2o
+ 0 + 1

NOTE: DIAG assumes that time is frozen at time=0.

PHICO) = PHIO
PHI(1) = PHIOMG
PHI(2) = 0.0

Go around the disk {n IDPS1 increments.

D0 250 IPS$1=0,360,10PSI

Clear the forms array.

DO 200 1=1,NPTS
wW(o,1) = 0.0
w(1,1) = 0.0

CONT INUE

i

PSI(Y)
BLDANG

1PS1/RAD2DG
PSICN)

Set up the forms array.
DO 220 IPY=1,NPTS
DO 210 NSHP=1, NSHAPS

W(D,IPT) = WW(OD,IPT)
SHAPE(NSHP,Q, IPT)*SNEWCNSHP 0, IPS1)
(1, 1PT)

SHAPE(NSHP, 0, IPT)*SNEW(NSHP ,1,1PST)

W, 1Ph)

v}
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210 CONT INUE

220  CONTINUE

Compute the sarodynamit forces on the blade,

CALL ABRO ( NPTS , BLDANG )

DO 230 Ia1,NPTS
1F ¢ DAETACI) .EQ, 0.0 ) THEN
ALPHACT) = 0.0
ELSE
ALPHACIY = ATANC VZETACI)/VETACL) ) + THETAOCI)
END (F

CLLIFT(I) = AMIN1( CLALFACI)™ABS( ALPHA(I) ) , OLMAX(!) )
CLLIFT(1) = SIGNC CLLIFTC1) , ALPHACD) )

230 CONTINUE

Print out results.
WRITE (2,2000) 1PS1 , HUBVEL , TSHADW
WRITE (2,2100)

DO 240 1=1,21
240 WRITE (2,2200) 1, DAETA(l), DAZETA(L),  VETA(l1), VZETA(I)

& . VWIND(I), WSHEARC1), VINDRC1), VINDO(I)
‘ ¢+ DVIND(I), ALPHA(1), COZERO(I), CLLIFT(I)
J ;WL

WRITEC20,%) IPSI, VZETA(17)/'2.

250 CONTINUE

Test run completed, See if user wants more.

PRINT. %, ¢ ¢
PRINT *, /Test run completed. Results written onto file !
& ,  'DIAGNOS .DAT/

300 PRINT *, ¢ !
PRINT %, 'Do you want to perform another test run? (Y,=N) > !
READ 3000, ANS
IF ( ( ANS .EQ. ‘Y’ ) ,OR. ( ANS .EQ. 'y’ ) ) GO TO 100

IF ( ( ANS .NE. 'N’ ) .AND. ( ANS .NE. 'n! )
& JAND. ( ANS .NE. 7 ' ) ) THEN

PRINT *, t »>> Invalid response. Please try again., <<</
GO TO 300

o]
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END IF

RETURN

END

SUBROUTINE DSKREV ¢ NPTS )

D e e R L e T A e T e At DT T Te

*

»
w
*
"

Subroutine DSKREV performs a full disk revelution solu~
tion to the blade equations of motion and saves the re-
sulting values.

* * #* * *
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* % % F # % % % % * % ¥ * *

External references in this routine:

EULER
NXTPHI
NXTPS1

SAVE1
STRTUP

TRACE

.

Self starting modified Euler predictor/cor-
rector {ntegration.

Calculates the next values of the yaw vari-
ables.

Calculates the next value of the azimuth
angle, Psi. ‘

Saves tip displacement variables.
Calculates the static deflection of the
blade at the startup positin.

Traces certain varisbles.

* % ¥ % % % ¥ %* % % % % % %
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Named COMMON blocks used in this routines

CONST

LIMITC
POSITN

SARAYS

TURBN

Turbine ancd other constants used in load
caleulations,

Holds values used in the LIMITS routine.
Holds parameters related to blade position
such as PHI, PSI, etc.

Holds new and old values for the general-
ized coordinates,

Holds turbine parameters such as number of
blades, rctor speed, etc.

* ¥ % ¥ % * % ¥ ¥ % * % =®
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Local and dummy variables used in this routine:

l
IPSIST
ISTEP
J

NEW
NPTS

Generic index.

The next STEPMX station in integer degrees.
STEPMX in integer degrees.

Generic index.

Array index for new data.

Number of points along the blade used to
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perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root. (passed from FLAP1)

c * -
c »* *
c * L.
c * NSHP - Counter on DO loops for the coordinate *
C * shape function. *
c * oL - Array index for old data. "
c " STEMP - Temporary array holding the tip displace- *
c * ment values. The third dimension rewre- *
c * sents the order cof the time derivative. W
[ * TIMNOW - Current time. b
c *
c AR AT TR e R W T AT AT AR TR RS R R e iR R e i

REAL STEMP  (4,0:1,0:2)

REAL TIMNOW

INTEGER 1

INTEGER IPSIST

INTEGER ISTEP

INTEGER J

INTEGER NEW

INTEGER RPTS

INTEGER NSHP

INTEGER oLD

INCLUDE 'C: INCLUDE\CONST2. INC/

INCLUDE fC:INCLUDE\LIMITC.INC/

INCLUDE 'C:INCLUDE\POSTTN, INC/

INCLUDE 'C: INCLUDE\SARAYS. INC'

INCLADE fC:INCLUDE\TURBN. INC'

SAVE NEW

SAVE oLD

SAVE STEMP

DATA NEW /7 1/

DATA oLD /0/

1000 FORMAT ( ’ Static deflection at startup (MODE' , 12,2 , ') =/
& , ¥8.4 /)

c Initialize some variables.

ISTEP = RAD2DG*STEPMX + .001

IPSIST is the next STEPMX station. That is, then next azimuth
{ocation at which the deflection, vetocity and acceleration
values will be saved and the loads will be computed. Values
for azimuth positions intermediate to the loads will not be
saved.

O 0000

IPSIST = RADZDG*( PSI(1) + STEPMX ) + 0.001

w

Wik
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OO0

when the ITRIM flag is set to 2, then this is the first pass
through DSKREV for this analysis. If it is, then compute the
static deflection of the blade tip for the startup condition.
If ( ITRIM .EQ. 2 ) THEN
CALL STRTUP ( STEMP , NPTS )
This section prints the computed static starting deflection
when the program is rumning in the trace mode.

IF ( TRACEF ) THEN

DO 100 1=1,NSHAPS
100 WRITE (4,1000) 1 , STEMP(I,1,0)

END IF

END IF

Push current values of S, SDOT and SDD onto old values.
DO 220 NSHP=1,NSHAPS

DO 200 J=0,360, ISTEP
200 SOLD(NSHP,J) = SNEW(NSHP,O,J)

Do 210 1=0,2
210 SNEW(NSHP,1,0) = SNEWCNSHP,1,360)

220 CONTINUE

Save old values of position variables and error.
300 DELPSI(0) = DELPSI(1)
DELTAT(0) = DELTAT(1)
=

PSI  (0) =PSI (1)
TIME (0) = TIME (1)

Get next PSI, delta PSI, etc. and next yaw values PHI, PHI dot
and PH! dot-dot.
400 CALL NXTPSI ¢ IPSIST ) )

TIMNOW = TIME(1)

CALL NXTPHI ( TIMNOW )
Solve the eguation of motion and compute tip displacements and
velocities. Check error of Euler predictor-corrector solution.
1f the error condition is satisfied, check for disk station and

save the new 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) .GT. STEPMN) ) GO TO 400

The following tests check for the current azimith location
between the STEPMX stations. [f the current position is very
close to a STEPMX station, then the deflection, velocity and
acceleration values are saved.

O 0O o0

IF ( ABS( PSI(1) « IPSIST/RADZ2DG ) .LT. O.1¥STEPMN ) THEN

CALL SAVE! ( IPSIST , NSHAPS , STEMP )

o

When the TRACEF flag is set, print out the prescribed
c values. See subroutine TRACE for a full description.

IF ¢ TRACEF ) CALL TRACE ( STEMP , NPTS )

END IF

c Move new temporary values to old.
DO 510 NSHP=1,NSHAPS

bo 500 1=0,2
500 STEMP(NSHP,0LD,1) = STEMP(NSHP NEW,1)

510 CONTINUE

c 1f we haven't gone all the way around, solve the equation of
motion for the next step.

(g}

If ( IPSIST .LE. 360 ) GO TO 300

RETURN
END
SUBROUTINE EULER ( STEMP , NSHAPS , NPTS )

WRERRRN AR R R RTAAINEEN ERRR AR AR R R AR h AR e AR e AR ik

Subroutine EULER uses the self starting modified pre-
dictor-corrector method to compute the values of the
blade tip displacement and velocity, given the previous
values and the solution to the blade equation of mo-
tion. The solution is not iterated for a specified de-
sired accuracy, but is instead run through one computa-
tion of the predictor-corrector. The error function
compares the percentage change in tip deflection be-
tween tuwo consecutive azimith locations against the
static tip deflection computed by the startup routine.
This error value is sent back to the calling routine
(ie. DSKREV). 1f the error is too large, a smaller az-
imuth angle step size will be used and another call
will be made to this routine.

OO0 000000000000 o0000
* 3 % % ¥ % * ¥ ® # * F * X % ®

* % % % % % % % ¥ % * # * * * *
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External references in this routine:

ACCEL

Solves the blade equation of motion.

*

'k
*
*
*

RARER AR AHERR AR A AR AN AR R AR RRR AR AN NI A R R R R Adok i h
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Named COMMON blocks used in this routine:

POSITN - Holds parameters related to blade position

STARY

such as PHI, PSI, etc.
Holds initial blade deflection.

* * * * * % =2
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Ll ada st et e i 2 s s Dl g Al e s e g e Tt

* % » ¥ ¥ ¥ % ¥ B ¥ X » » F » %X » * » »

-

*
*

Local and dummy variables used in this routine:

ACCELN
DEFLTN
NEW
NPTS

NSHAPS
NSHP

oLD
SCORCT

SPRDCT

STEMP

VELCTY

Tip acceleration.

Tip displacement.

Array index for new data.

Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root. (passed from FLAP1)

Number of blade shape functions, 4 maximum.
Counter on DO loops for the coordinate
shape function.

Array index for old data.

Corrected values for blade tip accelera-
tion,

Predicted values for blade tip accelera-
tion.

Temporary array holding the tip displace-
ment values, The third dimension repre-
sents the order of the time derivative,

Tip velocity.

% % * * ® % £ # ¥ » * ® F % X ¥ * % * ¥ = % *

LAl aaa it d ot gt Tt T e 2

REAL
REAL
REAL

" REAL

REAL
REAL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INCLUDE

ACCELN (4)
DEFLTN (4)
SCORCT (4)
SPRUCT (4)
STEMP  (4,0:1,0:2)
VELCTY (4)

NEW
NPTS
NSHAPS
NSHP
oLD

'C1INCLUDE\POSITN. INC/
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0000

INCLUDE !C3INCLUDE\START. INC!

SAVE NEW
SAVE oLp
DATA NEW /7
DATA oLp /1 0/

Calculate predictor values.

DO 100 NSHP=1,NSHAPS

STEMP(NSHP,NEW,1) = STEMP(NSHP,OLD,1)

& + STEMP(NSHP,OLD,2)Y*DELTAT(NEW)
STEMP(NSHP ,NEW,0) = STEMP(NSHP,OLD,0)

& + STEMP(NSHP,OLD, 1)*DELTAT(NEW)

SPRDCT(NSHP) = STEMP(NSHP , NEW,0)

100 CONTINUE
Calculate predicted acceleration values by solving the blade
equation of motion with the predicted values of the tip
velocity and displacement.

DO 200 NSHP=1,NSHAPS

DEFLTN(NSHP) = STEMP(NSHP NEW,0)
VELCTY(NSHP) = STEMP(NSHP,NEW,1)

200 CONTINUE
Subroutine ACCEL performs the actual solution of the blade
equation of motion. It uses the previous values of the tip
deflection and velocity and the current values of the forces.

It returns the new blade tip acceleration values.

CALL ACCEL ( DEFLTN , VELCTY , ACCELN , NPTS, STEMP )

Calculate corrector values,
DO 300 NSHP=1,NSHAPS

STEMP(NSHP,NEW,2) = ACCELN(NSHP)

1!

STEMP(NSHP,NEW,0) = STEMP(NSHP,OLD,0)

& + 0.5*DELTAT(1)*( STEMP(NSHP,OLD,1)

& + STEMP(NSHP,NEW,1) )
STEMP(NSHP ,NEW, 1) = STEMP(NSHP,OLD,1)

& + 0.5*DELTAT(1)*( STEMP(NSHP,OLD,Z)

3 + STEMP(NSHP,NEN,2) )

SCORCT(NSHP) = STEMP(NSHP,NEW,0)
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300 CONTINUE

The error is computed from the sum of the ratios of the tip
displacement change from the predicted to the corrected values
relative to the initial static blade deflection computed at
startup. Sumnation is over the number of coordinate shape
functions specified in the run.

0O oo o0

ERROR = 0.0
DO 400 NSHP=1,NSHAPS
400 ERROR = ERROR + ( SCORCT(NSHP) - SPROCT(NSHP) )/SO(NSHP)
c The error value is converted into percent for use in the
c DSKREV routine.
ERROR = 100.0%ABS¢ ERROR )
RETURN

END
SUBROUTINE FORM1 ( STEMP , NPTS , NSHAPS )

[ ARARN NIRRT AW ERTRR IR AR NV T e T VAR TR T A e i Ry R AR A b frde e
[ L]
c *  Subroutine FORM1 computes the values of the blade dis- *
c * placement function for each of the NPTS stations dlong *
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
o *  the blade equation of motion. *
c * *
[ VA A A e T o ol S AT A e A e e i o A S e R AR ARk e
c WA R A A A R AR R R R R AR AR R A A AR AR R AR I AR Rk e o ok
c * *
c * External references in this routine: *
c * *
c * nohe *
C * L ]
C ARN ARG W NIRRT R RAAR AR R IR AR AR AN AT RR AR TAR RNk kAR
[ LAt t ettt a by ada e d a2 Ry e Tt i d b it d g gt ]
c * *
c *  Hamed COMMON blocks used in this routine: *
[ * *
c * FORMS - Holds blade deflections. »
c * POSITN - Holds parameters related to blade position *
¢ * such as PHI, PSI, etc. d
c * SHAPE - Holds blade coordinate shape functions. *
c *

[ FAHRRAEWRARERATN W AR AR AR AR AR RN AR IRN D AN ET ARk kAR
c AR R A AU A et R R AR AR R AR AR R R AR AR AR R A R el R ded e deviede o
[ * *
[ * Local and dummy variables used in this routine: *
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STEMP - Temporary array holding the tip displace-
ment values. The third dimension repre-
sents the order of the time derivative.

* *
* BLDANG - Blade azimuth position. *
* 1 - Generic index. *
* NPTS - Number of points along the blade used to *
* perform Simpson‘s integration for caleulat- *
hd ing the moments and forces at the blade *
* root. (passed from FLAP1) hd
* NSHAPS - Number of blade shape functions, 4 maximum. *
b NSHP - Counter on DO loops for the coordinate *
* shape function. >
* oLp - Array index for old data. *
* *
* *
* *
* *

TRRRERIRR AR R AR ERARRIUA TR RN R AW RARARAAR KA KRR N AN AN e kv de e b

REAL STEMP  (4,0:1,0:2)
. INTEGER - 1

INTEGER NPTS

INTEGER NSHAPS

INTEGER NSHP

INTEGER oL

INCLUDE /C:INCLUDE\CONST2. INC/
INCLUDE C: INCLUDE\FORMS. INC/
INCLUDE /C: INCLUDE\POSITN. INC/
INCLUDE *C: INCLUDE\SHAPE. INC'
SAVE oLD

DATA oLD /107

100

200

210

Initialize the vV array.

DO 100 I=1,NPTS

v(o,1) = 0.0
w1, 1) = 0.0
CONTINUE

Compute the VV values down the blade for each of the specified
shape functions.

DO 210 NSHP=17,NSHAPS
DO 200 1=1,NPTS
W(0, I)=VV(0Q, 1)+SHAPE(NSHP, 0, 1 )*STEMP(NSHP,0LD,0)
W, 1)=WW(1, 1)+SHAPE(NSHP, 0, 1)*STEMP(NSHP,0LD, 1)
CONTINUE ‘

CONTINUE
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RETURN
END

SUBROUTINE GAUSSJ ( A , N )

PP AN U A A Y e S A Y e A A e Al s e A e e e o S WA Ao e e o e A o s o

* % % % % * X *

Subroutine GAUSSJ 1s used to solve linear equations by
Gauss-Jordsn elimination with full pivoting. It was
transcribed from the book *Numerical Recipes! by Wil-
liam H. Press, et al.” Code for right-hand-side vectors
was not implemented in this routine. This routine was
hard-wired for matrices of maximum crder 4.

* % * * % * * *

FARI RN AR RA N AR R AN RRRA N AR RN AR AN R II RN RN A AR AR AN RN WAk

A SR i A IR RO AR AR R TR AL AR R R AR AN AR AR R AR A AR R e s dr e

* ¥ * * »

External references in this routine:

none

= * %= * #*

TR R A N AR RN R AN RAATR TR ARR RN R R AR R RA A T H ARV s A AT e dr i e e s s ey

RRRARIR AR AR TR AN AR RN RAERRRRR AL ARIATERNN WA R TR AR IR TR AW SR W

*

*
*
w
*

Named COMMON blocks used in this routine:

none

+ * *

BRARRAAR TR AR AR A RRR R RN AAR AR RN AR RRRRRER AR R RRRN TR RN dded

RARAVR AR RRN IR NN N R WNR RGN AW RN RA AR R AN R RN R e S W Ao s e e dede

® * ® % ¥ * ¥ * % % % ¥ % % # % ¥ * * ¥ »*

Local and dummy variables used in this routine:

BIG
DUM

1coL
INDXC
INDXR
IPIV

IROW

K

L

LL

N

NMAX
PIVINV

3

.

T

Y

Input matrix with NP by NP elements. After
processing it is replaced with its inverse.
The biggest element in the A matrix.
Temporary storage.

Generic index.

Column,

Used for bookkeeping on pivoting.

Used for bookkeeping on pivoting.

Used for buokkeeping on pivoting.

Generic index.

RowW.

Generic index.

Generic index.

Generic index.

Order of the square A matrix,

Dimension of bookkeeping arrays.

Inverse of the current pivot element.

tt?ii!‘*?itittiﬁ*ﬁ!tfr

ARELRRANRRRARNR AR AR AR RN TR AR R AR AR AR T RN RN R AN W

REAL
REAL
REAL
REAL

A

(4,4)

BIG
DUM
PIVINV
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INTEGER 1

INTHGER 1c0L
INTEGER INDXC (4
INTEGER INDXR (&)
INTEGER IPIV (&)
INTEGER J

INTEGER IROW
INTEGER K

INTEGER L

INTEGER LL

INTEGER N

Initialize the pivot matrix.

DO 100 d=1,N
IPIV(J) = 0

This is the main loop over the columns to be reduced.
DO 260 I=1,N

BIG = 0.0

This is the outer Loop of the search for a pivot element.
DO 210 d=1,N
IF C IPIV(J) NE. 1) THEN
DO 200 K=1,N
IF ¢ IPIV(K) .EQ. O ) THEN

IF ( ABSC ACJ,K) ) .GE. BIG ) THEN

BIG = ABS( A(J,X) )
IROW = J
1C0L = K

END IF

ELSE IF ( IPIV(K) .GT. 1) THEN

PRINT », ¢ ¢

PRINT *, ' 2>> The input matrix to GAUSSJ is /
% . ‘!singular, <<«!

PRINT *, ¢ ¢

PRINT *, (FLAP terminated abnormally due to the ’
% . !the error listed above.’

sToP

END IF

CONTINUE
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210

220

END IF
CONTINUE

IPIVCICOL) = IPIV(ICOL) + 1

We now have the pivot element, so we interchange rows. If
needed, to put the pivot element on the diagonal. The col-
ums are not physically interchanged, only relabeled:
INDXC(1), the column of the 1th pivotal element, {s the ith
colum that is reduced, while INDXR(I) is the row in which
that pivot element was originally located. If INDXR(1) is
not equal to INDXC(1), there is an implied colum inter-
change. With this form of bookkeeping, the solution Bs will
end up in the correct order, and the inverse matrix will be
scrambled by columns.

IF ( IROW .NE. 1COL ) THEN

DO 220 L=1,N
DUM = ACIROW,L)
ACIROM,L) = ACICOL,L)

ACICOL,L) = DUM
CONTINUE
END IF
We are now ready to divide the pivot row by the ph}ot
element, located at (1ROW,ICOL).

INDXR(1)
INDXC(1)

IROW
1coL

If ( ACICOL,ICOL) .EQ, 0.0 ) THEN
PRINT %, ¢ ¢
PRINT *, * >»>> The input matrix to GAUSSJ is /
, ’singular. <<</
PRINT *, ¢
PRINT *, /FLAP terminated abnormally due to the /
. ‘the error listed above.’
STOP
END IF
PIVINV = 1.0/AC1COL,1COL)
A(ICOL,ICOL) = 1.0
po 230 L=1,N
ACICOL,L) = PIVINV*ACICOL,L)

Reduce all the rows except the pivot one,
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c * *
C % Named COMMON blocks used in this routine: *
9 * W
c “ none w
[ " w
c tﬂ*«nwmwu*mumm*n*ﬁw"N«ww“nwmt"wnwﬂwu*w
[ Ve oirak o e oo o ol ol 1 v i o o e e o e e o o o o Tl o 2T T A Sk ol e W o B T e e e
c * L]
c *  Local and dummy variables used in this routine: *
o} * "
L * ANS - AnswWer to user question, *
c * EXISTS - Flag that indicates whether or not a file *
c o already exists, *
¢ * [SOPEN - Flag that indicates whether or not unit 4 *
c “ is already active. *
c * NEDOPN - Flap that indicates whether or not We need ¥
c * . to open the results file, *
c * RESFIL - Name of file to store results. *
c * TEMP - Temporary variable used to store the name ¥
c * of the results file. ° *
¢ w *
[o} WP e A e 2 v ket Ve e A o T e e A A e A W e e Y W e A ek e W

INTEGER LNTH

LOGICAL EXISTS
LOGICAL 1SOPEN
LOGICAL NEDOPN

CHARACTER™1 ANS
CHARACTER¥(¥)  RESFIL
CHARACTER*SD TEMP
1000 FORMAT ( ' Enter name of results file [=/ , A, 1 > ! )

1100 FORMAT ¢ A )
1200 FORMAT ( ‘1! )

c Get name of results file.

100 PRINT 1000, RESFILCT:LNTHCRESFIL))
READ 1100, TEMP

IF ¢ TEMP .EQ. 7 7 ) THEN

c The user hit Just an <Enter>. Use the old name.
TEMP = RESFIL

ELSE

c Convert file name to upper case if a name was typed in.

CALL CAPS ( TEMP )
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240

250

260

300

310

0O 250 LL=1,H
IF ¢ LL .NE. 1COL ) THEN

DUM = A(LL,1C00)
ACLL, 1COL) = 0.0

DO 240 L=1,N :
ACLL, LY = ACLL,L) - DUM*ACICOL,L

END IF
CONT INUE

CONTINUE

Unscramble the solution in view of the column interchanges.
. We do this by interchanging pairs of colums in the reverse
order that the permutation was buitt up.
bo 310 L=N,1,+1
IF ( INDXR(L) (NE. INDXC(L) ) THEN
DO 300 K=1,N
DUM = ACK, INDXR(L)Y)
ACK, INDXRCL)) = ACK, INDXC(L))
ACK, INDXC(L)) = DUM
CONTINUE
END IF
CONTINUE
RETURN

END
SUBROUTINE GETFIL ( RESFIL )

HRARRRAATR W KA R A AR AR RN ARG AR W AT AT R R o T AW o e W W Fr ek WA i v ek
* *
*  Subroutine GETFIL gets the name of the results file and *
* opens it. 1f the file already exists, the user is *
* asked if it should be overwritten. *
L3 *

WANRNAARWR AN AR AR AR R R W R AR A Wk AR AR AR I Rk R A
KRR TNRAIRR AR R W U IR AA A NN ER R AR N TR RTR AR AW RR R RN AR R
External references in this routines

LNTH -~ Returns the length of & string.

* * % T %
* * * % %

AR RR NI IR AT AR ATy W A S A o ik e e e e Wil AR AW Wi ey e ek A



110

END 1F

Cheok to see {f unit 4 {s already attached,
IHQUIRE (4, OPENED=[SOPEN )
IF ¢ ISOPEN ) THEN

{F ( TEMP .BQ, RESFIL ) THEN

Use the same file that’s already open. Eject a page.

WRITE (4,1200)
NEDOPN = .FALSE.

ELSE

Use a different file. Close old one.

CLOSE ¢ 4)
NEDOPN = .TRUE.

END IF

ELSE

Ho open file yet. We need to open one.
NEDOPN = .TRUE.
END IF

IF ¢ MEDORN ) THEN

We need to open the new results file. Does it already

exist?
INQUIRE ( FILE=TEMP , EXIST=EXISTS )

IF ( EXISTS ) THEN

File already exists, Write over it?

PRINT %, ¢ >> Ffile already exists «<<<!
PRINT %, 1 ¢

PRINT *, /Do you want to overwrite the old data?’

LY Ny > !
READ 1100, ANS

IF ¢ ¢ ANS .EQ. /N’ ) .OR. ( ANS .EQ. 'n' ) )

IF ¢ ( ANS (NE. /Y’ ) .AND. ( ANS .NE. 'y! ) )

GO TO 100

GO 7O 110
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END IF °

Open the results file.

OPEN ( 4 , PILE=TEMP , STATUS='UNKNOWN'

& + CARRIAGECONTROL='FORTRAN' )

BND 1IF

Save name of results file,
RESFIL = TEMP

RETURN
END

SUBROUTINE INDUCD ¢ INBORD , NPTS , BLDANG )

AR A AR e Sk e AR Vs A AR A A e e SR R e W e B e s Je ot e e Je e s s ke o

* * * * * * *

the blade. These are then used to compute the aerody-
namic forces, The values computed and returned by this
routine are all in non-dimensional form.
are divided by R, OMEGA or RYOMEGA where necessary.

That is, they

Subroutine INDUCD computes the induced velocities along ¥

*

*

*
*
*
*

FRINNRARRRRNTREANARIARYARNRRRERRNRANIAARR AR R RRRARRRRAARKRRRN RN

RAATER RN WA R AV AR A e A Ve e I e e T R R e e e e vk e e W W R e v

*

External references in.this routine:

*
*
* none
%

* * % * *

TR AW RAN A TR R R R AR AR R R RR R R AR A RR RN RIAAR R AR RN KA TR R dedr A

Feve e et el e e W el e s el e e AR e R A A AT e e e e de e i S R o

shadow computations.

*

*  Nawed COMMON blocks used in this routine:

*

* AERO1T - Holds coefficients related to aerodynamic
* loads calculations such as ClAlpha, CdZero,
* etc,

* BLADE - Holds blade property values such as stiff-
" ness and mass distributions.

* CONST - Turbine and other constants used in load
* ' calculations.

* POSITN - Holds parameters related to blade position
- such as PHI, PSI, etc,

* TURBN - Holds turbine parameters such as number of
* blades, rotor speed, etc.

* VINDUE - Holds induced velocity components.

* WIND - Holds wind shear and tower shadow parame-
* ters.

* WNDVEL - Holds values used in wind shear and tower
*

*

)

* % % % % ® * % % ¥ # # % F * ¥ F X * *
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3
;
|
i
%
:

A2BVL
AA
ALNMP
AM28BV
AMBV
APR
APRIME
ASTAR
BB
BLDANG
BPRIME
BVALUE
cc
CPRIME
css
DELVSH
F1

F2

F3

F&4

1
INBORD

1SUBP
Isusy

LAMDAH
MPRINE
NPTS

4

RBAR
RDCL1
RACL2
STEADY
STEP
TAU
TAUS
TAUTZL
THETZL
TLAM
TSUBZR
VINDPC
VINDS
3

® % % * % % % B F F % % R B % % % #* * ¥ #F B * % % F 2 * % ¥ * * % * * * # * #* * » % % * * »

* % % % % % * %®

i

.

Local and dummy “ariables used in this routine:

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Blade azimuth position.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Generic index.

The rumber of blade stations that are not
on the airfoil section. INBORD is used in
other routines to differentiate between
sections of the blade with and without an
airfoil section.

Temporary storage.

Temporary storage.

Generic index.

Inflow ratio.

Temporary storage.

Number of points along the blade used to
perform Simpson’s integration for calcular-
ing the moments and forces at the blade
root. (passed from FLAP1)

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Flag to indicate steady flow.

Distance butween points along the blade.
Temporary storage.

Temporary storage.

Temporary storage.

Temporary Storage.

Temporary storage.

Temporary storage.

Tenporary storage.

Temporary storage.

Blade position pointer.

.l‘l‘ﬁll“Q“ﬂ“".’*!il‘l"1"'*‘}!"““‘1!‘*‘1!*‘

£l

!
|
|
|

REAL

AZBVL
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REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
- REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
. INTEGER
INTEGER
LoGICAL
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

INCLUDE

A
ALMP
AM28Y
AMBY
APR
APRIME
ASTAR
B8
BLDANG
BPRIME
BVALUE
cc
CPRIME
css  (5)
DELVSH
F1

F2

F3

Fé
Isugp
ISUBW
LAMDAH
MPRIME
3
RBAR
ROCLY
RDCL2
STEP
TAU
TAU4
TAUTZL
THETZL
TLAM
TSUBZR
VINDPC
VINDS
2

-

J

NPTS

SYEADY

’Cz INCLUDE\AERO1. INC’
‘C: INCLUDE\BLADE2. INC’
'C: INCLUDE\CONST2. INC’
'C: INCLUDE\POSITN. INC’
€2 INCLUDE\TURBN. INC/
'C:INCLUDE\VINDUC. INC/

’C: INCLUDE\WINDZ. INC’

"C: INCLUDE\WNDVEL . INC’
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2000 FORMAT ( / ¢ »>»> Error in steady induced velocity. <<<!

& / ! >>> Negative value in SQRT was set to 0., «<<</
& / ' >>> Blade angte =' , F6.2
& , ! <!
& / ! >>> Blade station =/ , 13,2
& ! <<<!
& /)

Initialize constants.
INBORD = 1

LAMDAH = HUBVEL/( RR*OMEGA )
STEP = BLTIP/( NPTS - 1)

IF ( TSHADW .EQ. 0.0 ) THEN
TSUBZR = 0.0

ELSE
TSUBZR = TSUBO

END IF

PO 100 1=1,5
100 CSS(I) = COS( I*BLDANG )
Move blade station pointer to inboard start of airfoil section
on blade.
2 = 0.0

110 IF ( 2 .LT. BLSHNK ) THEN

Z = Z + STEP
INBORD = INBORD + 1
GO TO 110

END IF

Initialize internal values.

ASTAR = 0.20
MPRIME = 2.40
BVALUE = 0.16
4 = 0.0

ALMP = LAMDAH*MPRIME
AMBY = MPRIME + BVALUE

AM2BV = LAMDAH*( MPRIME + 2.0%BVALUE )
APR = 1.0/( 8.0*PI*RR )

-AZBVL = 2.0%BVALUE*LAMDAH

TLAM = LAMDAH*LAMDAH

Loop through blade stations.

DO 220 1=1,NPTS
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IF (1 .LT. INBORD ) THEN

VINDR(I) = 0.0
VINDO(I) = 0.0
OVIND(I) = 0.0

ELSE

STEADY = .TRUE.

RBAR = ( 2 + HUBRAD )/RR

THETZL = THETAP ~ THETAO(I)

TAU = APR*( CLALFA(I)*CHORD(I)*NBLADS )
TAUTZL = TAU*THETZL

AA = RBAR - 0.5*TAUTZL
BB = RBAR*TAU - LAMDAH*( RBAR
= ( WSHRCO,1) - TSUBZR )*( RBAR - TAUTZL )
CC = -RBAR™( RBAR*TAUTZL
+ LAMDAH*( WSHR(O,1) - TSUBZR )*¢ LAMDAH - TAU )
Compute the induced velocity. First chack to see if the
coefficient of the squared term is zero. 1f it is, then
the equation is linear. If the radical of the root is
less than zero, then the momentum solution is invalid,
set the radicql to zero and go on.
IF ( AA .NE. 0.0 ) THEN
RDCL1 = BB"*2 - 4,0%AA*CC
IF ( RDCL1 .LT. 0.0 ) RDCLT = 0.0
VINDR(1) = 0.5%( -BB + SQRT( RDCL1 ) I/AA
ELSE
VINDR(I) = -CC/BB
END 1F
Check to see if the induced condition is steady or
turbulent. 1If it is turbulent, compute turbulent
intermediate values and recompute the induced velocity.
IF ¢ ¢ 1.0-VINDR(CI)/LAMDAH ,GT. ASTAR ) .OR.

( RDCL1 .EQ. 0.0 ) ) THEN

STEADY = FALSE.
TAU4 = 4.0"TAU

APRIME = 2,0*TAUTZL
BPRIME = -RBAR*( ALMP + TAU4 )
= LAMDAH*( WSHR(O,1) - TSUBZR ).
*( RBARWMPRIME - 4*TAUTZL )
CPRIME = RBAR*( 4*RBAR®TAUTZL + AMBV*TLAM
' + LAMDAH*( WSHR(O,1) - TSUBZR )
*( AM2BV - TAU4 ) )
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c ‘ Compute the induced velocity. Use same logic as
c for steady flow.

IF ¢ APRIME .NE. 0.0 ) THEN
RDCL2 = BPRIME"*2 - 4%APRIME*CPRIME
IF ¢ RDCLZ .LT. 0.0 ) THEN
PRINT 2000, BLDANG , !

RDCL2

0.0

END IF

VINDR(1) = -0.5%( BPRIME + SQRT( RDCL2 ) )/APRIME
ELSE

VINDR(I)

~CPRIME/BPRIME
END IF

END IF

VINDO(I) = LAMDAH - VINDRCI)

c Calculate the intermediate components for forminy induced
velocity terms.

F1 = TAUSVINDR(I)*( VINDR(1) - 2*RBAR*THETZL )
F2 = TAU*( RBAR - THETZL*VINDRCI) )
F3 = RBAR*( VINDR(I) - VINDO(I) ) + F2

IF ( STEADY ) THEN

ISUBP = F1/F3

ISUBW = LAMDAH%( F2 - RBAR*VINDO(I) )/F3
ELSE

F&4 = RBARYALMP + 4*F2

ISUBP = 4%F1/F4
ISUBW = LAMDAH*( 4%FZ - RBAR*( A2BVL
& + MPRIME*VINDO(L) ) )/Fé

END IF

c Form induced velocity components of order epsilon, etc.

VINDC(1) = -PHI(0)*1SUBP + WSHR(1,1)*I1SUBW

VINDS = ~CHI*1SUBP
Do 200 J=2,5
200 VINDC(J) = WSHR(J,1)*ISUBW
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Compute the tower shadaow effect if in the tower shadow
region.

IF ( TSHADW .NE. 0.0 ) THEN
VINDPC = TSUBP*1SUBW
4 = KSHADW*P1/PSI1ZER
DELVSH = VINDPC*COS{ P*( BLDANG - PSISHD ) )

ELSE

VINDPC = 0.0
DELVSH = 0.0

u

END IF

Compute the delta-V-induced term. i.e., the sum of the
order epsilon, components.

DVIND(I) = VINDS*SINC BLDANG ) - DELVSH
DO 210 J=1,5

210 DVIND(I) = DVINDCI) + VINDC(J) * CSS(C J )

END IF

Increment the blade position pointer and repeat the induced
velocity procedure out to the blade tip.

2 =2+ STEP
220 CONTINUE ' ‘
RETURN

END
SUBROUTINE INVERT ( AMAT , AINV , N )

RURRRERETRTTREZRARR R R SRR AR KRR ERRTRAA AN NR A RRRRNERN AR AR R

Subroutine INVERT 1is a transparent interface between
the calling routine, SOLVE, and GAUSSJ, the routine
that performs the actual inversion. The incoming ma-
trix is unaffected by the inversion process.

* * * * B %
* * ¥ * % %

HRKRRTARARRRTNRAER ARAREARAARAAXRRRELARR R TR WRT XA EERR AR AR TR R

ARERARUINERARTRAR RN RRRRACAEAAR AR TR T RARRERCRRRRRAR KR E R AT RRK

»

External references in this routine:

GAUSSJ - Matrix inversion using Gauss-dJordan elimi-
nation with full pivoting.

¥ ¥ % % X »
* % % ¥

Mﬂmm«*ﬂmnmmmnmﬂmt*mﬂ“ Whrhhk

D-53



O 0O 0O o o006

0O o000 o000 oo

[

\s

I
codban

)

Fede e e B A dear YA v o o e A e e e T e e e R R R R R R R R NN R AR AN

Named COMMON blocks used in this routine:

none

* * ® ¥ =
* * % * *

Fedede R YA AU I e ot et e T A A WU AT Ao Ve s W e A e e s A e A S e e A b e i

RURNRANRRRNERNRTRRR R RRR AU RERNR AT N R KL IR KRR TR KA WA AW Ve

* *
*  Local and dummy variables used in this routine:; *
* *
* AINV - The resulting inverse matrix. *
* AMAT - The incoming matrix to be inverted. *
* 1 - Generic index. *
* J - Generic index. *
* N - The order of the incoming square matrix. *
*

RRRARAN AR IR RN RR RN FRRREREA WA R AR R R R RN RN R IR AN RN RRR IR RN N KRN

REAL AINV (4,4
REAL AMAT (4,4
INTEGER [

TNTEGER J

INTEGER

Load the incoming matrix into the inverse matrix AINV,

Do 20 1=1,N
0 10 J=1,N
AINV(I,J) = AMAT(I,J)
CONTINUE
CONTINUE

Invert the matrix.

CALL GAUSSJ ( AINV , N )

RETURN
END
SUBROUTINE LIMITS

WHUREARRRARENRAR IR TARRRUREARAR A REREREREAARA R TR AR RRT RN AR AR
®

Subroutine LIMITS inputs the run limit values through

*
*  interactive dialog, A set of default values are init-
* jalized in the BLOCK DATA subprogram.

*

s * % ¥ *

ARRRAERN AR AARRRNRAERAERAANARRAIAN RN RN AN EARNC AN RN RN ARk

WRENREARARBANREERNARERRRRTRTARLANNRERRRARRRTERRR R TRk R

* *
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*
*
*
*

none

External refetences in this routine:

* % * *

Fedede e dee e de e S i Il e o e et A e s I A e A e e e e e e ek syl e e e e e e ok

Fede e dev e e e de e e de de e e e e T o e e e T oo e e e SRR e e e e e e s e ek

*

Named COMMOM blocks used in this routine:

*
*
* LIMITC - Holds values used in the LIMITS routine.
*

* % * * *

et v et de st ATt AR T dede S i R AR et e R A A Rtk e e A ke Srr e e de b e drae de e

Vet AR Nt e R e R T S A S S AR Y e vode A At e e e A ek A i A dear ek i sl e de de ok

ANS

P

P2

%* * % #* * * # #* * ® ¥ ¥ * =

ERROR

ICASE

TEMP

Local and chammy variables used in this routine:

Answer to user question.

10STAT error value on OPEN statement, WUsed
to check for existing files.

Number of variable to change.

Temporary variable used for testing to see
if PRINTY is a multiple of STEPMX.
Temporary variable used for testing to see
if PRINT2 is a multiple of STEPMX.
Temporary variable used to store the nsme
of the results file.

* % F % % % ¥ * * * * ¥ * *

HRENWRRAN I RRAATRRRARARTNRRTRERARRAN TR AR RAAR AR R NRRA A RA RN KRN RN

REAL P
REAL P2
INTEGER 1CASE

CHARACTER*1 ANS

INCLUDE 'CsINCLUDE\LIMITC. INC/

1000 FORMAT ( // ! The current values of the run parameters are:! / )

1100 FORMAT ( 1X , A , FB.3 , A
1200 FORMAT ¢ 1X , A, 14, 4X , A)
2000 FORMAT ¢ A )

Print out the current limit values,
100 PRINT 1000

PRINT 1100, ¢ 1 STEPMX = ¢ , STEPMX

& , ! degrees Maximum Step Size’

PRINT 1100, /2 STEPMN = ' , STEPMN

& , ! degrees Minimum Step Size’

PRINT 1100, ¢ 3 PRINT1 = ¢, PRINTY

& , ! degrees Printout Interval in Region 1/
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PRINT 1100, 4 PRINTZ = ! , PRINT2

&

, ! degrees Printout Interval in Region 2/

PRINT 1100, ' 5 BEGIN2 = / , BEGIN2

&

&

&

, ! degrees Beginning of Print Region 2/

PRINT 1100, / 6 ENDZ = ' , END2

, ! degrees End of Print Region 2/

PRINT 1100, ' 7 EUERR = ' , EUERR

. ! percent Max value of Euler error funetion!

PRINT 1100, / B TRMERR = / , TRMERR
, ! percent Convergence Criterion for Trim Solution’

&

PRINT 1200, ' 9 NYAW = ¢ , NYAW
, ! Mo. of Disk Revolutions for Yawing Soln.’

&

IF ¢ TRACEF ) THEN

PRINT %, /10 TRACEF = .TRUE, Trace Flag'
ELSE

PRINT *, (10 TRACEF = .FALSE. Trace Flag’

Ask user for changes to present values.

200 PRINT %, ¢ ¢

PRINT *,
READ 2000, ANS

IF ¢ ¢ ANS .EQ, 7Y? ) .OR. ( ANS .EQ. 'y’ ) ) THEN

210

300

310

320

PRINT %, 1 ¢
PRINT *, ‘Enter number of variable you wish to change » ¢
READ *, ICASE

[F ¢ ( ICASE .LE. O ) .OR. ( ICASE .GT. 10> ) THEN

PRINT *, ¢ > Invalid resbonse. Please try again.
60 Y0 210

ELSE

Change one of the varijables.
GO YO (300,310,320,330,340,350,360,370,380,390), 1CASE
PRINT *, (Enter new REAL vatue for STEPMX > !
READ *, STEPMX
GO 7O 100
PRINT *, 'Enter new REAL value for STEPHN > !
READ *, STEPMN

GO TO 100

PRINT *, ‘Enter new REAL value for PRINT1 > /

'Do you want to chenge any of these values? (Y,=N) » ¢

<<<!

D-56

win



READ %, PRINT1
a0 YO 100

330 PRINT *, ‘Enter new REAL value for PRINT2 > /
READ *, PRINT2
6O TO 100

340 PRINT %, ‘Enter new REAL value fot BEGIN2 > !
READ *, BEGIN2
GO TO 100

350 PRINT *, ‘Enter new REAL value for ENDZ2 > !
READ *, END2
GO TO 100

340 PRINT *, ’Enter new REAL value for EUERR > !
READ ", EUERR
GO TO 100 !

370 PRINT *, ‘Enter new REAL value for TRMERR » !
READ *, TRMERR
(0 TO 100

380 PRINT *, ‘Enter new INTEGER value for NYAW > '
READ ¥, NYAW
GO TO 100

390 PRINT *, ‘Enter new LOGICAL value for TRACEF (T,F) > ¢
READ *, TRACEF
GO TO 100

END IF

BLSE IF C ( AMS .NE. 'N') AND. ( ANS .NE. 'n' )
& +AND. ( ANS .NE. ¢ ' ) ) THEN

PRINT ¥, ¢ >>» Invalid response. Please try again., <<</
GO TO 200

END 1F
Check to make sure the values of PRINTY and PRINT2 are integer
multiples of STEPMX. 1f they are not, print error message and

go back to the change values section.

P1 = STEPMX*INTC PRINT1/STEPMX + 0.00001 )
P2 = STEPMX*INT( PRINT2/STEPMX + 0,00001 )

‘IF ¢ ABS¢ P1 - PRINT1 ) .GT. 0.001 ) THEN

PRINT %, ¢ !
PRINT *, ¢ >>> PRINT1 must be a multiple of STEPMX «<</

Go TO 100
END IF

[F ( ABSC P2 - PRINTZ ) .GT. 0.001 ) THEN

D-57



oO0o0OnDoOoo0oon OO0 0o 0O0000

o0 oa0o0oo0

o a0ao0

PRINT *, 1/
PRINT *, 1 >>> PRINT2 must be a multiple of STEPMX <<</

GO TO 100

END IF

RETURN
8ND
FUNCTION LNTH ¢ STRING )

FRARAR AT AR N R AR RTINS AR W eIy Ie W DT oo e e e o o ok e e s el de e B e de e o

funation LNTH returns the length of a character string.
When using the tahey F77L compiler, the intrinsic funce
tiun HBLANK oan be used as we do here. This funotion
was supplied to make conversion to other compilers eas-
{er. '

* % * * X » *
* * % * % * »*

ARHERRRRRKAAARR AR RRRIRATANRNRRARR XA AR AA RN R R AR kRt

RRFERREWRVRRRAN TR ARR RN TR ARSI RR A RTEARN I TENRRR KRN R*RA’

Named COMMON blouks used in this routine:

none

* % * * =
* %® X ¥ %

Ao R WA NIRRT A Rk R AR AR AR IO N A e R R R e dr vl ekt e e

Voo B Yo 0 o e Al e e e e e e S T ke e sl el A T o e e e e de Ve ke v e et e e

STRING - A character string.

* W
*  Variables used in this routine: *
* *
w Ic - Generic index. *
* LENGTH - The declared length of STRING. "
* LNTH - The location of the last nonblank character *
* in STRING, w
* L
" *

A AR RN AN AR NI R RA AN R A WIA R RRARU AR A AR RN A AR R e R Nl

INTEGER ic :
INTEGER LENGTH
INTEGER LNTH

CHARACTER*(*)  STRING

Get the declared length of STRING using the FORTRAN 77 intrinsic
function LEN.

LENGTH = LENC STRING )

Find the location of the last nomblank character in STRING.
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DO 100 1CaLENGTH, 1,1
LNTH = 1C
1F ¢ STRINGCICIIC) (NE. / ¢ ) GO TO 200

100 CONTIRUE

STRING 48 &ll blanks,
LNTH = O
200 RETURN

BND
SUBROUTINE LODOUT ( HCALLS )

0O 00 o0

O 0 o 0O o0 coo0aocaaoaon e

0 0O o

O 0o a0

Eel

OO0 onnoooonoec

* w
*  Named COMMON blooks used {n this routine: "
» *
* AERO1 - fiolds coefficients related to aerodynamic %
* loads calculations such as ClAlpha, CdZero, *
" atc, *
* AIRFRC « Holds values used in aerodynamic caloula- *
¢ tions. *
* BLADE - Holds blade property values such as stiff v
" ness and mass distributions. *
» CONST - Turbine and other constants used in load *
* calculations, *
* FORMS - Holds blade deflections, *
* LIMITC - Holds values used in the LIMITS routine, *
v LITERL - Holds data sat titles, *
" LOOVAL - Holds values used to compute blade loads. *
o L]
w L]

Lad i A A e D Ad it DAt e r i DAt A AT et e bt A T T DL T Tt el

w L]
¥ Subroutine LODOUT {s used to sompute blade loads and *
*  print them out. *
* *

ARAENRRA NS AR KA ARTEARRN AR AARTURNWARIR AT RN A AT iy s i ok o

RRMURAIN AR AERRA AR TN W N VR R Arded el T s A R vl e Ao A e e e s v ey e e
External references in this routine:

ABRO - Caloulates the aerodynamic forces on the
blade,

CONVRT - Performs units conversions,

LNTH  ~ Returns the length of a string,

NXTPH! - Calculates the next values of the yaw vari-
ables,

SIMPSN - Composite Simpson’s integration.

TRPZ00 - Composite trapazoidal integration.

* % % % * ¥ *» % % ¥ * =
%®* % * * %X ¥ % % 2 * % 2

LAL el Da D e bt Al ad st b A ad s b b fon a2 0 et e 800 gt T e T

RHHNARRRR IR R RER ARG RRARAAERRRRR TN R TR RN R WRRRAARN RN R A A AR Y

POSITN - liolds parameters related to blade position
such as PRI, PSI, etc,
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w SARAYS « Holds new erdl old values for the general-
* {zed ooorclinates.

" SHAPE - Holds blade coordinate shape funetions.

* TENSIN - Holds tension component integrals.
*

*

TURBN « Holds turbine parameters such as number of
blades, "otor opeed, etc.

W WIND  « Holds wind shear and tower shadow parama-
hd ters,

* % % % * * ¥ * %

i*ﬂt*wi*ttﬂ****ﬁﬁﬁi***ﬁ*ﬁw******ﬁ**ﬁ*ﬁt*n*tﬁ*iﬁt*#ﬁiiﬁi******tt

WA v de de vk e v A v e i e Y et Al ke el ek ek Rl e Atk ik e ey ik e e

Local and dunmy var{ables usecd in this routine:

*

«

* AVEMOM « Mean flapwise berxding moment at 0.2*R,
* BLDANG - Blade azimuth poaition,
* COEF1 Complicated term,

* CORpF2 Compl{cated term.

" coHe3 Compl {cated term.

" CO#F4 - Complicated term.

w COEFS - Complicated term.

" COEF6 - Complicated term.

* COEFT Compl fcated term.

* COEF8 - Complicated term.

* CPS1 - Cosine of the blade angle.
¥ DHSBAC - Complicated term,

* ECENGR - Integral of ECNTFN.

* EDGEFN - Edgewise shear force distribution.
"

*

*®

w

L

*

L]

w

w

L

]

»

w

"

*

*

*

13

.

.

*

EINTGR - Integral of EDGEFN.

FAGTR1 - Compl{cated term.

FINTGR « Integral of FLAPFN.

FLAPEN - Flopwise shear forae distribution,

FPS2KW - Factor for converting Ft-Lbs/sec to KW,

1 - Generic index.

{BBGIN - Azimuth position for beginning of print re-
gion 1.

1END - Azimuth position for end of print region 1.

ILABEL - $trings used for printout.

IPRNT1 - Printout interval for results in print re-
gion 1,

IPS!  « Integerized disk station azimuth positions,

IPSIST - The next STEPMX station {n integer degrees.

1PY - Data point index.

18T Station index.

IVALUE - Temporary storage.

J Generic index,

LABEL1 - String to hold variable names.

LABEL2 - String to hold units for variables.

LABEL3 - String to hold variable descriptions.

LABEL4 - String.,

LABELS - String.

L Generic index.

L] fieneric index,

NCALLS - Number of calls to LODOUY,

NOWPSI - Current value of azimuth position,

NPTS - Number of points along the blade used to
perform Simpson’s integration for calculat-
{ng the moments ard forces at the blacde
root, (passod from FLAPY)

itt*tl‘}t"!it!ﬁi}&‘l‘*‘i‘!}*‘

*

B

3

v

t‘fﬁ’}’tt}t*ttiitttt

$ #* ¥ % ¥ * * * 3 * ¥ % *
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NSHP

NSTN
NTORQS
NTOT
OMOASQ
POWHER
PROCTO
PROCT1
PROCTA
PRODCY
PRODO
PXAERO

PYAERO

QZAERO
QZFCH

RDIST
RESLTS
RPO
RP1
RP2
RPHI

RTIME
SINTGR
SPS|
STEPY

TINTGR
TODEGS

TORADS

TORQFN

TRASUM
TSNFCN

VALUE
VXFCN

0

Counter on DO loops for the coordinate
shape funotion.

Number of stations around rotor disk.
Number of values used to oompute TRASUM.
Number of values used to compute AVEMOM.
Omega’2.

Power output of wind turbine.

Temporary storage.

Temporary storage.

Temparary storage.

Temporary storage.

Temporary storage.

Aerodynamic (oads in the edgewise direc-
tion.

Aerodynemic loads 1in the flapwise direc-
tioh.

Integral of QZFCN.

Aerodynamic moment per unit length about
the elastic axis.

- Distance out along blade.

Temporary storage.

Phi fn degrees.

Phi-dot in degreas.

Phi-dot-dot {n degrees,

Phi and its derfvatives at this disk sta-
tion,

Time values in yaw solution.

The integral of VXFGN,

Sine of the blade angle.

- Distance between stations along the blade.
TIMHOW -

-

Current time,

Integral of TSNFCHM.

Flag used to tell CONVRT to convert 'free’
variables to degrees,

Flag used to tell CONVRT to convert !free!
variables to radians.

The torque produced by an incremental aero-
dynamic force.

Total torque. Integral of TORQFN,

Product of the tension force and the slope
at a blade station.

Temporary storage.

Produot of the edgewise shear force and the
blade slope at a blade station.

* % % F ¥ # ¥ % * F % X #* * ¥ 2 % ¥ % %X ¥ ¥ * =

* % % % * ¥ ® % % * % ¥ F * * * * * * ¥

RRRR AR RRIAN IS ARAR IR AR IR RA AN N AR R DR R A RRRATERE AR ER R RN ERN

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

AVEMOM
BLDANG
COEF1
COEF2
COEF3
COEF4
COEFS
COEF6
COEF?
COEF8
CPsI
DMSBAC
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REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL.
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
> REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
. REAL
REAL
REAL
REAL

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

wali

ol

o

ECENGR
EDGEFN
EINTGR
FACTR1
FINTGR
FLAPFN
FPS2KW
OMGASQ
POWER
PRDCTO
PRDCT1
PRDCT2
PRODCT
PRODD
PXAERD
PYAEROD
QZAERO
QZFCN
RDIST
RPO
RP1
RP2
RPH!
RTIME
SIMPSN
SINTGR
SPS!
STEP1
TINNOW
TINTGR
TORQFN
TRPZ0D
TROSUM
TSNFCN
VALUE
VXFCN
ACOF
BCOF

H

1
IPRNT1
1PsI
IPSIST
IPT
isT
IVALUE
J

LL
LNTH

NCALLS
NOWPS]
NPTS
NSHP
NSTN
NTORGS
NTOY
MITEM
NHARM

1

21)

2n

(21
2N

21

(360,0:2)
(360)

@n

21N
(26)
2N
€0:10,21)
(0:10,21)

(360)

(4)
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 CHARACTER*10
CHARACTERS
CHARACTER*11
CHARACTER45
CHARACTER*19
CHARACTER2
CHARACTER*1
CHARACTER¥S0

LOGICAL
LOGICAL

INCLUWDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
SAVE
SAVE

. SAVE
SAVE
SAVE
SAVE
SAVE
SAVE

DATA

DATA

DATA

ILABEL (4)
LABEL1 (26)
LABEL2 (26)
LABEL3 (9)
LABEL&4
LABEL5
ANS1

LABELS (9

TODEGS
TORADS

C2 INCLUDE\AERO1. INC/
C: IHCLUDEVAIRFRC, INC!
'Cs INCLUDE\BLADEZ2. INC’
/€3 INCLUDE\CONST2. INC/
/C: INCLUDE\FORMS. INC/
/C:INCLUDE\LIMITC. INC/
‘C:INCLUDE\LITERL. INC/
/C: INCLUDE\LODVAL. INC/
!C:INCLUDE\POSITN. INC/
'C:INCLUDE\SARAYS. INC!
/C: INCLUDE\SHAPE. INC’
/C:INCLUDE\TENSIN2.INC/
/C: INCLUDE\TURBN. INC/
'C:INCLUDE\RESLTS. INC’
/C:INCLUDE\WIND2. INC!

1LABEL

LABEL1

LABEL2

LABEL3

NPTS

TODEGS

TORADS

1Ps1

FPS2kw / 0.0013558 /

"

ILABEL / 'KSHADW = ! , ’NBLADS
,» 'NSHAPS = ' , 'NYAW

n
~
~

LABEL?

& / 'ALENTH = ¢, 'ALPHAD =/ , (BETA0 = ' , /BLSHNK

=
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& , 'BLTIP = , /CHI =1/ , /CSUBMA = ' , 'DRGFRM = !
& , 'EUERR = 7 , 'HUBHY = ! , ‘HUBRAD = ' , 'OMEGA = '
& , 'PHIAMP = 7 , (PHIOMG = ¢/ , 'PHIO =t , IPSIZER = !/
& , 'RHOAIR = / , /SHERXP = ' , 'STEPMX = '/ , 'STEPMN = /
& , 'TSUBP = ¢, 'TSUBD = ' , !THETAP = / , !THETAT =/
& , 'TRMERR = ¢/ , IVHUB = ¢ /
DATA LABEL2
& / !'feet !, ‘degrees !, !‘degrees ', Ifeet !
& , 'feet t , ‘degrees P, ' ]
& , 'percent r, !feet !, 'feet !, 'RPM !
& , 'degrees !, 'degrees/sec’ , ’‘degrees !, 'degrees !
& , 'slugs/ft"3 ¢+ , ! ', 'degrees !, 'degrees !
&, ' r !, 'degrees ¢, tdegrees [
& , ’percent +, !feet/second’ /
DATA LABEL3

/ 'Blade section flap displacement ( feet ) '

, 'Blade section flapwise slope ( feet/foot ) '
, 'Blade section flap velocity ( feet/second ) /
, ‘Blade tension ( Lb ) !

R P9 g0 RO RO RO R Lo 2C
<

‘Blade edgewise shear ( Lb ) !
, 'Blade flapwise shear ( Lb ) ’
, ‘Blade flapwise moment ( ft-tbs ) !
. ‘Blade edgewise moment ( ft-lLbs ) !
, ’‘Blade torsion ( ft-Lbs ) Lavs
DATA LABEL6

/ 'Blade flap-displacement expansion coefficients !
. 'Blade flapwise slope expansion coefficients '
, 'Blade flap-velocity expansion coefficients !
, 'Blade tension force expansion coefficients '
‘Blade edgewise shear expansion coefficients '
. 'Blade flapwise shear expansion coefficients !
, 'Blade flapwise moment expansion coefficients !
, 'Blade edgewise moment expansion coefficients '/
, 'Blade torsional moment expansion coefficients / /

RO RO RO RO Qo R RO R RO
-~

DATA NPTS /721 /
DATA TODEGS / .TRUE. /
DATA TORADS / .FALSE, /

4000 FORMAT ( /// 37X , 'Anslysis of Wind Turbine Blade Loads’,
& / 39X , 'Solar Energy Research Institute’ //// )

4100 FORMAT ( 3C 10X , A // ))

4200 FORMAT ( 10X , A , ' Rotor’
& //// 7X , 'Run Parameters, blade data and machine data used in’
& ! this analysis: / /)

4300 FORMAT ¢ 9X , 3¢ 1X , A, F7.3 , 1X , A, 5X , = ) //)
4400 FORMAT  /// 9X , 4C 1X , A, I3, 12X ) /)
4500 FORMAT ¢ 1/ ///7/ 1X , A , 65X , A , A /)
4600 FORMAT ¢ ' Psi Time Phi Phi-p Phi-DD’ , 38X , 'X / R !
& /X, 131¢ 1)
3 /' deg sec deg deg/s deg/s"2 .0 A
& , ! .2 3 4 5 Y
& . .7 .8 ) 1.0
&

/X, BN ey )
4700 FORMAT( 14 , F6.2 , F6.1 , F7.2 , F7.2 , 3X , 11(1X , 1PGB.2E1) )
4800 FORMAT ( // ' Average Flapwise Moment = !/ |, F9.1
& , ! (ft~Lbs) at the 20% station’ / )
5000 FORMAT ¢ 1’ ///// ' Wean Rotor Torque and Power for ' , 2A // )

.
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5100 FORMAT ( 10X , ‘Mean Rotor Torque =’ , F13.2 , ’ ft-Lbs'
& // 10X , ’'Mean Rotor Power ='! , F13.2 , ! KW/
3 // 10X , 'No. of Data Points =' , 113 )

5200 FORMAT (111 /7/// 1%, A, 65X, A, A/)

5300 FORMAT (69X, X / R ' / X, 131¢'~*)/ 131(! 1)/

& 12, 1.0 A .2 3 .4
B! .5 .6 .7 .8 KT
& 1.7

X, 3310 0
5400 FORMAT (1X, ‘Af,11,7=¢,3X, 11(3X,1PG8.2E1))

5500 FORMAT (1X, ’B’,11,’=!,3X, 11(3X,1PG8.2E1))
5600 FORMAT (1X, 131(’'-'))

Initialize torque count and sum.

NTORQS = O
TRASUM = 0.0

Set some constants that are user to compute tension and shear.

OMGASQ = OMEGAW+2

COEF1 = 2.0%OMEGA*STHP
COEF4 = OMGASQ*STHP*CTHP
COEF6 = OMGASQ'CTHP*CTHP

COEF7 = OMGASQ*STHP*STHP

Fill the IPS! array with PSI disk station values. This section
of code is executed only the first time this routine is called.

IF( WCALLS .EQ. O ) THEN

IPRNT1 = PRINT1*RAD2DG + 0.001
NSTN =1
IPSIST = 0

IPSI(NSTN) = IPSIST
120 IF ( IPSIST .LT. 360 ) THEN
IPSIST = IPSIST + IPRNTj

NSTN NSTN + 1
IPSI(NSTN) = IPSIST

GO TO 120
ENDIF

ENDIF

IPSI(NSTN) = 360

Initialize the time values in the RTIME array for the trim run.

IF ( ( NCALLS .EQ. O ) .OR. ( PHIAMP .EQ. 0.0 ) ) THEN
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200

210.

DD 200 1=1,NSTN

RTIME(1) = 0.0
ELSE
Galculate the time values around the disk stations for the
yaw runs.
RTIMECT) = 2*PI%*( NCALLS - 1 )/OMEGA
DO 210 18T=2,NSTN
RTIMECIST) = RTIME(1) + IPSICISY)/( RADZDG*OMEGA )
END 1F

Initialize outer computation loop used for going around the disk.
PRODD = O.5*RHOAIR*CSUBMA

DO 370 1ST=1,NSTN

Compute the PHI values at this disk azimuth,
TIMNOW = RTIME(CIST)

CALL NXTPHI(TIMNOW)

RPHICIST,0) = PHI(O)
RPH1(1ST,1) = PHI(1)
RPHICIST,2) = PHI(2)

Compute constants used in computing the shear and moment
values,

PSI(1) = IPSICIST)/RAD2DG

NOWPSI = IPSICIST)

CpPsl = COs( PSI(1) )

SPSI = SIN( PSI(1) )

FACTR1 = OMGASQ*BETAO + 2*OMEGA*CPSI*PHI(1) + SPSI*PHI(2)
COEF2 = GRAV¥( -CHI*CTHP + STHP*SPSI + BETAQ*CTHP*CPSI! )

COEF3 = GRAV*( CHI*STHP + CYHP*SPSI - BETAO*STHP*CPSI )
COEFS = GRAV*CPSI
COEF8 = GRAV¥SPSI*STHP

Fill the v arrays.

i

v RESLTSC , ,1)
V-PRIME = RESLTSC , ,2)
v-DOT = RESLTS( , ,3)

DO 310 IPT=1,NPTS

RESLTS(1ST,IPT,1) = 0.0
RESLTS(IST,IPT,2) = 0.0
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RESLYS(IST,1PT,3) = 0.0
DO 300 NSHP=1,NSHAPS

RESLTS(IST,IPT,1) = RESLTS(IST,IPT,1)
SHAPECNSHP , 0, IPT Y*SNEWCNSHP , 0, NOWPS 1 )

R
+

RESLTS(IST,IPT,2) = RESLTS(IST,IPT,2)
SHAPECNSHP, 1, IPTY*SNEWCNSHP, 0, NOWPST )

Re
+

RESLY (IST,IPT,3)

u

RESLYS(IST,IPT,3)
SHAPE(NSHP 0, IPT)*SHEW(NSHP, 1,NOWPS1 )

R
%+

300 CONTINUE

The values for VW(0,[PT) and VW(1,IPT) are needed for the

c AERO and VREL routines.
VV(O,IPT) = RESLTSCIST,IPT,1)
W(1,1PT) = RESLYS(IST,IPT,3)

310 CONTINUE

(2]

Compute the aerodynamic force components and the Qz compo-
c nent form integrals and save them for use in computing the
o shears and moments.

BLDANG = PSI(1)

CALL AERO ( NPTS , BLDANG )

This section of code computes the rotor torque component
that produces the turbine shaft torque. The torque is
averaged over the disk to give average rotor torque for one
rotor revolution. This does not use weighted values., Al
values have equal weight regardless of the azimuth spacing.
Thus these results Wwill only be accurate when PRINT1 and
PRINT2 have the same value.

OO0 0000

STEP1 = BLTIP/( NPTS - 1)
IF ( NOWPSI .LT. 360 ) THEN
DO 320 1=1,NPTS

RDIST = HUBRAD + STEPI*( § - 1)
TORQFN(1) = RDIST¥( DAETACI)*CTHP + DAZETA(1)*STHP )

320 CONTINUE

TRQSUM = TRQSUM + SIMPSN( O , BLTIP , NPTS , TORQFN )
NTORQS = JTORQS + 1

EWD IF

DO 330 IPT=1,NKPTS
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DMSBAC

330 CONTINUE

= PRODD*CHORDC IPT YRWM( IPT)**2
QZFCN(IPT) = DMSBAC + ESUBAC(IPT)*DAZETACIPT)

DO 350 IpT=1,NPTS

PXAERO(IPT) =

PYAERO(IPT) =

1

TRP20D( IPT , BLTIP , DAETA , NPTS )
TRPZOD( IPT , BLTIP , DAZETA , NPTS )

c Compute the constants needed to compute tension
shear,

c and

PRDCTO
PRDCTY
PRDCT2

i}

0.0
0.0
0.0

PRODCT(IPT) = 0.0

DO 340 NSHP=1,NSHAPS

PRDCTO
PRDCT1
PRDCT2

1

I

PRODCT(IPT) = PRODCT(IPT)

+ SNEW(NSHP,0,NOWPS1)*CIFMOM(NSHP, IPT)

OMGASU*TOMGACIPT) + COEF1*PRDCTY
COEF5*TGRAV(IPT)

PRDCTO + SNEW(NSHP,O0,NOWPSI)*TCORLS(NSHP,IPT)
PRDCT1 + SNEW(NSHP,1,NOWPSI)I*TCORLS(NSHP,IPT)
PRDCT2 + SNEW(NSHP,2,NOWPSI)*TCORLS(HSHP,IPT)

PYAEROCIPT) ~ FACTR1*CTHP*TOMGA(IPT)

COEF7*PROCTO - PRDCYZ

COEF2*TGRAV(IPT) + COEF4*OFFMAS(IPT)

PXAERO(IPT) + FACTRI*STHP*TOMGA(IPT)

COEF4*PRDCTO + COEF3*TGRAV(IPT)
COEF6*OFFMAS(IPT)

RESLTS(IST, IPT,5)
EDGEFN(IPT)*RESLTS(IST,IPT,2)
RESLTSCIST, IPT,4)*RESLTSCIST, IPT,2)

&
340 CONTINUE

RESLTSCIST, IPT,4) =

& -
RESLTS(IST,IPT,6) =

& +

& +
RESLYS(IST,IPT,5) =

& +

& +
EDGEFN(CIPT) =
VXFCR (IPT) =
TSNFCNCIPT) =
FLAPFNCIPT) =

350 CONTINUE

(3]

RESLTS(1ST,IPT,6)

c azimuth position.

DO 360 IPT=1,NPTS

EINTGR
SINTGR
TINTGR
QZAERO

TRPZOD( IPT
TRPZOD( IPT
TRPZ0D( IPT
TRP20D( IPT

Compute the torsion and moment array values for this

, BLTIP , EDGEFN , NPTS
, BLTIP , VKFCN , NPTS
, BLTIP , TSNFCN , NPTS
, BLTIP , QZFCN , NPTS
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FINTGR = TRP20DC IPT , BLYIP , FLAPFN , NPTS )
ECENGR = TRPZOD( IPT , BLTIP , ECNTFN , NPTS )

RESLTSCIST,IPT,7) = TINTGR - FINTGR + COEFT*PRODCT(IPT)

RESLTS(IST,IPT,8)

RESLTS(IST,IPT,9)

360 CONTINUE

370 CONTINUE

+

EINTGR - OMBASQ*ECENGR
COEF4*PRODCT(IPT) + COEFS*OFFMAS(IPT)

QZAERO - SINTGR + COEF4¥DELTIM(IPT)
COEF8*OFFMAS(IPT)

TRQSUM = TRASUM*NBLADS/NTORQS
POWER = TRQSUMYOMEGA¥FPS2KW

Print out the resulting values with a heading on the first
Convert values to degrees for the printout.

pass only.

CALL CONVRT ( TODEGS )

IF ( MOD{ NCALLS , NYAW+1 ) .EQ. 0 ) THEN

VALUEC 1)
VALUEC 2)
VALUE¢ 3)
VALUE( 4)
VALUE( 5)
VALUE( 6)
VALUEC 7)
VALUE( 8)
VALUE( 9)
VALUE¢10)
VALUE(11)
VALUE(12)
VALUE(13)
VALUE(14)
VALUE(15)
VALUE(16)
VALUE(17)
VALUE(18)
VALUE(19)
VALUE(20)
VALUE(21)
VALUE(22)
VALUE(23)
VALUE(24)
VALUE(25)
VALUE(26)

IVALUE( 1)
IVALUE(2)
IVALUE(3)
IVALUE(4)

"

11

1

it

ALENTH
ALPHAQ
BETAO
BLSHNK
BLTIP
CH1
CSUBMA
DRGFRM
EUERR
HUBHT
HUBRAD
OMEGA
PHIAMP
PHIOMG
PHIO
PSIZER
RHOAIR
SHERXP
STEPMX
STEPMN
TSUBP
TSUBC
THETAP
THETAT
TRMERR
VHUB

KSHADW
NBLADS
NSHAPS
NYAW

WRITE (4,4000)
WRITE (4,4100) TITLETCT:LNTH(CTITLE))
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] ; TITLE2CY:LNTHCTITLER))
; TITLE3(1:sLNTHCTITLES)) |

DO 400 J=1,9
400  WRITE (4,4300) ( LABEL1(I), VALUECI), LABELZ2(1), 1=4,26,9 )

WRITE (4,4400) ( ILABEL(I) , IVALUE(I) , I=1,4)

END IF
C Convert values back to radians for use in internal
c caloulations.

CALL CONVRT ( TORADS )

c This section of code computes the mean flapwise moment at the
c 20% blade station for NPTS=21. 1If NPTS is changed, the second
c subscript of RESLTS( , ,7) must be changed also.
c Programmer note:
c Changed to what?

NTOT =0

AVEMOM = 0.0

DO 410 LL=1,NSTN-1

AVEMOM = AVEMOM + RESLTSCLL,5,7)
NTOT = NTOT + 1

410 CONTINUE
AVEMOM = AVEMOM/NTOT
c Form the proper chart headings and print out the nine charts
c of the results from this run.
[F ( NCALLS .EQ. 0 ) THEN

LABEL4 = Trim Solution !
LABELS = ¢ !

ELSE

LABEL4 = 'Yaw Solution, Rev #/
WRITE (LABELS,!(12.2)') NCALLS

END IF
DO 430 HW=1,9

WRITE (4,4500) LABEL3(M) , LABEL4 , LABELS
WRITE (4,4600)

DO 420 1=1,NSTN
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420

RPD = RPHI(1,0)*RAD2DD
RP1 = RPHI(1,1)*RAD2DG
RP2 = RPHI(1,2)*RADZDG

WRITE €4,4700) 1IPSICI) , RTIMECI) , RPO , RP1 , RP2
¢ C RESLTS(1,d,M) , J= NPTS,2 )

CONTINUE

Print the average flapwise moment at the 20% blade station.

[F (M .EQ. 7 ) WRITE (4,4800) AVEMOM

430 CONTINUE

500

550

TF( NCALLS .EQ. 0) THEN

PRINT *, !
PRINT *, /Do you want to perform fourier analysis of/
PRINT *, ‘any of the results data?!
PRINT 4, + !
PRINT *, / note: shaft loads harmonics will appear in’
PRINT %, ! the shaft loads file.!
PRINT ¥, ¢ !
READ *, ANS1
1F ( ANS1 ,EQ. !Y' .OR. ANS1 .EQ, ‘y! ) THEN
PRINT *, 'Read in the result data ftem # '
PRINT *, /that you want analyzed’

PRINT %,/ ¢

PRINT *, /1 = flapwise displacement’
PRINT *, /2 = flapwise s|ope/

PRINT *, /3 = flapwise segment velocity!
PRINT *, (4 = blade tension’

PRINT *, /5 = blade edgewise shear’
PRINT *, /6 = blade flapwise shear’
PRINT *, /7 = blade flapwise moment/
PRINT ¥, /8 = blade edgewise moment’
PRINT *, /9 = blade torsional moment’
PRINT *, !

READ *, NITEM

PRINT %, 'Read in the highest order harmonic desired’
READ *, NHARM

CALL SERIES( MITEM, NHARM, ACOF, BCOF, NSTN,
IPS1, IPRNTY)

WRITE(4,5200) LABEL6(MITEM), LABEL4, LABELS
WRITE(4,5300)

DO 550 H = 0,NHARM

WRITE(4,5400) H, (ACOF(H,J),d=1,NPTS,2)
WRITE(4,5500) H, (BCOF(H,J),J=1,NPTS,2)
WRITE(4,5600)

CONTINUE

GO TO 500

ELSEIF( ANS1 .NE. ’y’ .AND. ANS1 .NE. ‘Y') THEN
GO TO 600

ENDIF
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600"

When atl the results tables have been printed, print out the
average rotor torque and power for this rotor revolution, This
vodes gives equal weight to each azimuth position regardiess
of the azimuth spacing. Thus the pover and torgue values are
only accurate when PRINTY and PRINT2 are the same.

WRITE (4,5000) LABEL4 , LABELS
WRITE (4,5100) TRQSUM , POWER , NTORAS

[F( NBLADS .EQ. 2) THEN

CALL SHAFT2(1PSI, IPRNT1, NSTR)
ELSE

CALL SHAFT3(IPSI, IPRNT1, NSTN)
ENDIF

ENDIF

Increment the number of calls to this routine before
returning.

NCALLS = NCALLS + 1

RETURN
END
SUBROUTINE MULT ¢ AMATRX , M , N )

HRAARTRRAARE IR R ARRWRNEAAXNRNARERRARARDRIRAN R KRN RN R AT R A hR

Subroutine MULT premultiplies an incoming matrix by the
{nverse CHMASS matrix, The inverse CMMASS matrix is a
square symmetric matrix of order 4, The incoming ma-
trix can be of any size but must have exactly 4 rows.

* * * * * X
* % * ¥ * »

RERIANAEARINRARIREAATATARRIANRANRRRAR RN R R AR AR RA R RN’

ARNRNERERARRRRNARARRNRTRRARIRRAREACARARRNRNRNAANAAARNRNRAR RN RN

External references in this routine:

nohe

%* * * » *
* % * * =%

AR Ao e A A A S eI A e IR A T A A e A re A T o o e R e R Aok A e
ARRFARAATARRENREERNARRARANARERIRAARRRNAARAR AR TR RlRkh ded ke sk ki ko
Named COMMON blocks used in this routine:

NV - Holds the inverse of the mass matrix,

+ % ¥ ®* *
* % * % »

RRR AN AARAN NIRRT AN R TN SN RN AR SRR NN KRS NRER KRR AR AN fr oy e b bedefrdedr deirdeok
HRNRAR AR IR KR AN I AN Mg d R e A A Ad ok Tl A A s e e W R AR ok
Local and dummy variables used in this routine:

AMATRX - The incoming matrix to be premultiplied by

the inverse CMMASS matrix.
I - Generic index.

*» * * * % »
* ®* % % %* =2
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* % * * % ¥

J
K
M
i
TEMP

- ganerio index.

- Generic index.

« Number of rows {n the incoming matrix.

« Hurber of columns in the incoming matrix.
« Tumporary Work matrix.

* 3 * ¥ > X

LAl L e DL AL L AT DRI T De R ald A DA LA D e L DAL AT LT T e AL L]

REAL
REAL

|NTEQER
INTEQGER
INTEGER
INTEGER
INTEGER

[NCLUDE

AMATRX (4,4)
TEMP  (4,4)

X X & ~—

C1INCLUDENINV, INC!

Multiply AINVRS by AMATRX putting the result into TEMP,

B0 30 1=1,M

Do 20 J=1,M

TEMP(L,J) = 0.0

DO 10 K=1,M
10 TEMPCI, ) = TEMP(I,J) + AINVRSCL,K) ¥ AMATRK(K,J)

20 CONT

INUR

30 CONTINUE

Move the resulting temporary matrix into the original
incoming matrix.

DO 50 1a1,M

DO 40 J={ N
40 AMATRX(CL,J) = TEMP(I,J)

50 CONTINUE

_RETURN
END

SUBROUTINE NXTPHI ( TIMNOW )

LA ALl g T e e T R A R e et R A e e L L e e A T ]

*

* * ¥ %

"

subroutine NXTPHI computes the next values of the yaw ¥
variables. If this is a trim run, then the yaw varia~ ¥
bles do not change. If this is a yawing run, then the *
yaw variables are computed based on the next value of ¥
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the time varinble,
The baslio yaw funotion used hm; {ng
Phi = Phi<sub<0 + SINC Omago-sub-Phi*Time ),
The two derivatives with raspeot to time, Phi«dnt and
Phi~double~dot are derived {n a straightforward manner

via differentiation with respect to time.

the {ned{ces of the PHI urray correspond to the order of
the derivative of Phi with raspect to time,

Z * * % % * % ¥ * ¥ ¥ + *
%* % % #* % % * ¥ £ F £ £ =

LAAA R T S i b DT LA DDA e T R e DAL TR AL DA A DL AT T A L Tt ]

BN A AW e VA AR A A v AR T AR et e e e ey e

txternal references in this routine:
4

nonhe

* * % % %
* % % % %

AR AU AW R YRR A VRV WA S IR A e eI I e e e A e

AR NI R ARV RN AR TR AR AT RA R RTAI AV SEARRAAR WAV e A A Vs

Namad COMMON blocks used in this routine:

POSITN -« liolds parameters related to blade poa{tion
such as PH1, PSI, etc.

TURBN - Holds turbine parameters such as number of
blades, raotor speed, atec,

* * * ¥ % % ¥ #*
* % %* ¥ ¥ #* % *

WRARRARRR U RRRI AN AR RN IR NN AW AW IR A AR AT WA R AN

LA R RS R R R e D AR DR R DR R Dl At e DT e A DT L A U A T T

* L]
*  Local and dumwny variasbles used in this routine: *
L] L]
* OMPHIT - pPhase angle of the sinusoidal yaw function, ¥
* 1t corresponds to the Omega-sub-Phi*T term *
* of the formulation notes. The Omega-sub-Phi *
* component 1s the yaw velocity amplitude *
o divided by the yaw angle amplitwle., »
* SOMPHT - Sine of Omega-sub<Phi*T, *
* TIMNOW - Current time. TIMNOW {s {dentically zero *
" for the trim solution computation. *
w w

WARRT N AR R R RRRA KRR RRRNIRRH AR TR RN ANTNRARARATN AR AR

REAL OMPHIT
REAL SOMPHT
. REAL TIMNOW
INCLUDE !C1INCLUDE\PDSITN. INC!
INCLUDE 0 INCLUDE\TURBN . INC/

Check to see if this is time zero,

D-74



i

O 000000 O0O0O0n000CcCon0 o000 00e

OO aonooo0oon

[F ¢ TIMNOW .EQ, 0.0 ) THEN

Sat the yaw function and {ts derivatives for TINE=0,

PHICQ) = PHIOQ

PH1
PHL

LS8

oHp

(1) = PHioMa
(&) = 0.0

Compute the yaw function and {ts derivatives for times
greatar than tims zero.

HIT = TIMNOWAPHIOMG/PHIAHP

SOMPHT = S1H¢ OMPHIT )

PH1
PHI
PHY

END IF

RETURN
END

(0) = PHIO + PHIAMP*SOMPHT
(1) » PHIOMG*COS( OMPHIT )
(2) = «PHIOMG"PHIOMG*SOMPHY/PHIAMP

SUBROUTINE NXTPSI ( IPSIST )

VR A R A AR AR AR R R AW AR AN RA AR R AR IR AR RN AR RN

* % * 2 3 ¥ ¥ ¥ *

Subroutine NXTPS! oaomputes the next value of the azi-
muth angle, Psi, based on the current value of the Bu-
ler error and the previous delta<Psi value. If the er-
ror {6 tun large, a smallar delta-Psi will be used to
gomputo the value of Psi, unless the celta-Psi {s al-
ready ot the STOPHN lower Limit, Likewise, 1f the Bu-
ler eriror is below a certain Limit, the delta-Psi value
is incroased for the next Psi computation.

3 % ¥ F ¥ % * * % *

WU H A IR AR ARl R AW Rt A AR A AV A ok i A e s A Ao e e e A e e A AR

BN AT A AR IR IR A e AR A TR A A b A T A R e e

* % ® * ¥

External references In this routine:

none

* * * ¥ *

ALl datde bl dtd et ta e IR L e ettt nt a A TRt fedd il

KRRRRETRAREAAA RN RRLAEANRRNNRNRRRNINARA N NIRRT RN R AR IR RN NN RN

% % % ¥ % % ¥ * =

Named COMMON blocks used in this routine:

CONST - Turbine and other constants used in load
calculations,

LIMITC - Holds values used in the LIMITS routine.

POSITN - Holds parameters related to blade pasition
such as PHI, PSI, etc.

TURBN « Holds turbine parameters such as number of
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* ‘blades, rator speed, etc. *
* *
AR A AR Yo Fe W AR W T T A i A A A i ST W et A W W A e o e Al e e s ok

. R R R A e ik Y R R R R AR R AR R T AR A T R ek e R A dr A et i R e A A e
* *
*  Local and dummy variables used in this routine: *
* *
* IPSIST - The next STEPMX station in integer degrees. *
* NEW - Array index for new data. *
b oLD - Array index for old data. *
* PSIST - The next STEPMX station in radians. *
* *

mmmmmmmw:m&wmmnm“*

REAL PSIST

INTEGER IPSIST

INTEGER NEW

INTEGER oLb

INCLUDE 'C:2 INCLUDE\CONST2. INC
INCLUDE 'C: INCLUDE\LIMITC. INC’
INCLUDE C: INCLUDE\POSITN. INC’
INCLUDE /C: INCLUDE\TURBN. INC’
SAVE NEW

SAVE oLD

DATA NEW /117

DATA oLD 10/

Check the error. If it is too large, decrease delta-Psi by
50%. If it is very small, increase delta-Psi by 50%. The
value of delta-Psi must always be greater than STEPMN.

If ( ERROR .GT. EUERR ) THEN
DELPSI{NEW) = AMAX1( O0.5*DELPSI(NEW) , STEPNN )

ELSE IF ( ERROR .LT. O.1*EUERR ) THEN
DELPSI(NEW) = 1.5*DELPSI(NEW)

END IF
This section of code checks the position of the new Psi against
the next STEPMX station. 1f the next Psi will go past the
STEPMX station, the delta-Psi is adjusted to biring the next Psi
directly onto the STEPMX point. If the next Psi will fall just
short of a STEPMX station, the delta-Psi i adjusted to assure

that it ®ill not be necessary to use a delta-Psi smalier than
STEPMN to reach the next STEPMX station on the next iteration.
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Programer notg:

The following logic can produce a delta-Psi that is less
than STEPMN for two steps. It would then move back within

tolerances. This case comes up when we are Within slightly

less than two STEPMNs of the next STEPMX station. This
algorithm cannot produce a delta-Psi that is less than
STEPMN/2. MLB

PSIST = IPSIST/RAD2DG

IF ( PSI(OLD)+DELPSI(NEW) .GT. PSIST ) THEN

DELPSI(NEW) = PSIST - PSI(OLD)

ELSE IF ( PSI(OLD)+DELPSI(NEW)+STEPMN .GT. PSIST ) THEN

IF ( (DELPSI(NEW) .NE. STEPMN) .OR. (ERROR .LE. EUERR) ) THEN

DELPSI(NEW) = 0.5*(C PSIST - PSI(OLD) )

END IF

END IF

Set new Psi and delta-Time.

PSI(NEW) = PSI(OLD) + DELPSI(NEW)
DELTAT(NEW) = DELPSI(NEW)/OMEGA

Get time values if we’re working on a yawing solution.

IF ( ITRIM .EQ. 0 ) TIME(NEW) = TIMECOLD) + DELTAT(NEW)

RETURN

END

SUBROUTINE RUN ( NPTS , NEWSET , HAVRUN )

WRRRRRRA AR ARERRRTTRREARTRRA AR AR AR A I AR R AR AR R R R R b ARk

% % 2 % # F * ¥ * ¥ ¥ ¥ % ¥ * #

Subroutine RUN performs the modeling of the raotor blade
motion. The coefficients and data read in by subrou-
tine DATAIN are used along with the run limit and run
setup values input in subroutines LIMITS and SETUP.

There are two basic steps to the run solution - the
trim solution and the yawing solution. In the trim so-
lution, the yaw position and yaw rate are kept at a
fixed value, and the time is kept fixed at zero. The
equations are solved for successive revolutions around
the rotor disk until the tip udisplacement functions mo
longer change significantly from one revolution to the
next. This is the trim solution. Once the trim solu-
tion is achieved, the trim solution is completed, with
the yaw angle, vyaw angular velocity and acceleration

romoited  from a ajven fumetion and the *i-5 clapsed

-
ST s TTTD Caaposh
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*
"
*
*

since the start of the yaw solution, After each rotor
disk revolution of the yaw solution, the loads are cal-
culated and printed out,

*
%
L3
*

R AR WV R Fe ot S A e A Tt ok W Al e s W e AW e o T A Tt AT W e A e e s s e vk o

A v s YW AU T e de e e e e A e AV A A R Y AW o e s B Ve o e e sk s e e s e ek

* * % % R R 2 X B X 2 % B ¥ * * ¥ *

External references in this routine:

CONVRT
DSKREV

GETFIL
LIMITS
LODOUT
SETUP
SHAPES
SOLVE

TRMTST

Performs units conversions.

Performs a full disk revolution solution to
the blade equations of motion.

Get the name of the results file and open
it.

Interactive input of run limits.

Calculates and prints blade loads.
Interactive modification of free variables.
Calculates the four coordinate shape func-
tions.

Calculates the inverse CMMASS matrix for
premultipling other coefficient matrices.
Compares the results of two consecutive ro-
tor revolutions.

* % % % #* % * #* * ¥ * * ¥ * % % ¥ #

Frdede At e e v e Yok AW ek e Tt et S A A O i Aol S e A e e e A e el e

WA A WA TR SV IA A N R ki e sl 2 A i A Ak de de S s e i e e et e s et ek i ke de ok

*+ % % #* * % % X X * ¥ % *

Named COMMON blocks used in this routine:

CONST

LIMITC
POSITN

SARAYS

TURBN

3

Turbine ard other constants used in load
calculations.

Holds values used in the LIMITS routine.
Holds parameters related to blade position
such as PHI, PSI, etc.

Holds new and old values for the general-
ized coordinates.

Holds turbine parameters such as number of
blades, rotor speed, etc.

* % % * ® ¥ ¥ * * 2 * * %

|
i
|
i
|
§

TV Rt SRR AR WA R A R A R A W R defe A S S A R e A e A e e i i e i s e ek

H % % % *+ % * ¥ % % % * * % * %

Local and dummy variables used in this routine:

ANS

HAVRUN

ITCNT

NCALLS
NEWSET
NPTS

s

1

t

Used to store input responses from key-
board.

Flag that indicates that the model has been
run., Used for diagnostic rums.

Generic index.

The count of the number of disk revolutions
required to achieve a trim solution.
Generic index.

Humber of calls to LODOUT.

Flug to control calls to SOLVE.

Number of points along the blade used to
perform Simpson’s integration for calculat-

ing the momonte and forcec ot the blode

* % ® 2 * % * 2 * ¥ 2 * 2 *

+
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[ * 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 written. *
c * TODEGS - Flag used to tell CONVRT to convert /free/ *
c » variables to degrees. w
c * TORADS - Flag used to tell CONVRY to convert /free/ *
c * variables to radians. *
(o} * *
c WHRRTR TR ARCRT RN R AR AR WA WR AW RIN W W AT T W i et e o vy o e R e
INTEGER 1
INTEGER ITCNT
INTEGER J
INTEGER NCALLS
INTEGER NPTS
INTEGER NSHP
LOGICAL HAVRUN
LOGICAL NEWSET
LOGICAL TODEGS
LOGICAL TORADS
CHARACTER®1 ANS
CHARACTER*S50 RESFIL
INCLUDE ‘C:INCLUDE\CONSTZ. INC’
INCLUDE 'C:INCLUDE\LIMITC.INC’
INCLUDE /C: INCLUDE\POSITN.INC/
INCLUDE fC:INCLUDE\SARAYS.INC’
INCLUDE C:INCLUDE\TURBN. INC'
SAVE RESFIL
SAVE TODEGS
SAVE TORADS
DATA RESFIL / ‘RESULTS.DAT' /
DATA TODEGS / .TRUE. /
DATA TORADS / .FALSE. /
2000 FORMAT ( A )
4000 FORMAT ( / ! The trim condition is not satisfied after’ , 13.2
& , ! retor’
& / ' revolutions. Shall we continue? (=Y,N) > ' )
4100 FORMAT ( ’& The trim condition was not satisfied.’ )
4200 FORMAT ( / ' Trim test #' , 12.2 , ' completed.’ )
4300. FORMAT ( ‘& The trim condition wWas satisfied.’ )
6000 FORMAT ( / ' Do you want to do another run with this data? (Y,=N)'
& PR S
¢ Compute the values of the four coordinate shape functions for
c for each of the NPTS blade stations along the blade.

CALL SHAPES ( NPTS )

D-79

SR T KA TF TR

AT

IR TR I

P

S

TR IR

"m



i

T

i b

[ 2o B « I 2

The main run loop begins here. The interactive program se-
guence starts,

100 COMTINUE

Clear NCALLS which represents the number of calls to LODOUT.
It {s used to control printing of the title page. 1t is
incremented in LODOUT Just before returning.

NCALLS = 0

Set up a run by first calling the SETUP and LIMITS routines.
Temporarily convert the units of the ’/free’ variables to de-
grees and RPM for interactive use.

CALL CONVRT ( TODEGS )
CALL SETUP

CALL LIMITS
CALL CONVRT ( TORADS )

Before starting the medel run, check for potential error in the
yaw function. A value of zero for PHIAMP in a yaw solution
will cause the program to abort.
IF ( ( NYAW .GT. O ) .AND, ( PHIAMP .EQ, 0.0 ) ) THEN .
PRINT %, ¢ ¢
PRINT *, ‘Error in input data. PHIAMP cannot be zero!
PRINT *, ‘for a yaw solution. Please review the ratup’
PRINT *, ’and limits values.’

G0 TO 600

. END IF
On the first pass through the RUN routine, invert the mass
coefficient matrix and premultiply all the coefficient ma-
trices by the result. The is done just once per data set,

IF ( NEWSET ) THEN

CALL SOLVE
NEWSET = .FALSE.

END IF

200 PRINT *, ' ¢
PRINT *, ‘Are you ready to run the model? (=Y,N) > !
READ 2000, ANS

IF { ( ANS .EQ. /N’ ) .OR. ( ANS .EQ. ‘n’ ) ) RETURN

IF ¢ C ANS .NE. 'Y’ ) .AND. ¢ ANS .NE. ‘y’ )
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& JAND. ( ANS .NE. ' ' ) ) TVHEN

PRINT *, / >>> Invalid response. Please try again., <<</
GO 1O 200

END IF ‘ R

c Open the fite that is to contain the results.

CALL GETFIL ¢ RESFIL )

[+ Zero the blade deflection, velocity and acceleration for the
c start of the trim solution run,

DO 320 NSHP=1,NSHAPS
DO 310 1=0,2
DO 300 4=0,360

SNEW(NSHP,1,4) = 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 Will also execute the STRTUP startup rou-
c tine. STRTUP computes the static deflection of the blade at
c the 270 degree azimuth position, under the given wind condi-
c tions. This static deflection is used to start the actual mo-
c del run, and helps to assure rapid convergence to the trim so-
c lution by removing many of the startup transients associated
c with beginning execution without a realistic initial blade tip
c deflection.

ITRIM =2

PSIC1) = 270/RAD2DG

DELPSI(1) = STEPMN

ERROR = 0.0

CALL DSKREV ( NPTS )

ITRIM = 1
c Iterate for the trim solution. Keep count of the rotor re-

volutions and give the user a chance to bail out every ten

c revaolutions.

LTCNT = 0O

400 IF ( [TRIM .EQ. 1) THEN

IF ¢ [TCNT .NE. O ) THEN

IF ¢ MODC ITCNT , 10 ) .EQ. O THEN

ol
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PRINT 4000, [ITCNT
READ 2000, ANS

IF € ( ANS .EQ. /N’ ) .OR. ¢ ANS ,EQ. 'n’ ) ) THEN

PRINT *, ¢
PRINT %, /FLAP terminated by user.’
PRINT *, ¢t
STOP
END IF
ELSE
PRINT 4100
END IF
END IF ‘\,

Initialize the azimuth angle and run another revolution.
Test the last set of solutions against this set for gtabil-
ity. When TRMYST is satisfied, ITRIM will be set to tero
the loop will be terminated. |
PSI(1) = 0.0
CALL DSKREV ( NPTS )
ITCNT = ITCNT + 1 i
CALL TRMTST ( ITRIM )
PRINT 4200, ITCNT ‘

GO TO 400 ‘K\

END 1F ‘\ ?

Trim solution completed,

PRINT 4300 I

Calculate results of the trim solution.

CALL LODOUT ( NCALLS ) }
Initialize the yaw run loop by starting time at zero. Run‘u‘/yau
solution NYAW times. Calculate the loads and print out t)u
resulys after each disk revelution.

IF ¢ NYAW .GT. 0 ) THEN

TIME(1) = 0.0
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DO 500 1=1,NYAW
PsI(1) = 0.0

CALL DSKREV ¢ NPTS )
CALL LODOUT ( NCALLS )

500 CONTINUE

END IF

Run compliete.

600 PRINT 6000

READ 2000, ANS
IE ¢ ¢ ANS .EQ. 'Y/ ) LOR. ( ANS .EQ. 'y’ ) ) THEN

PRINT *, /!

PRINT *, /You must not change the number of shapes, NSHAPS||!’

PRINT %, /¢
GO TO 100

ELSE IF ( ( ANS .NE. 'N' ) .AND. ( ANS .NE. 'n’ )

<<t

& AND. ( ANS .NE. 7 7 ) ) THEN
PRINT %, 7 >>> Invalid response. Please try again.
60 TO 600

END IF

Set the HAVRUN flag to true to enable diagnostic runs.

HAVRUN = ,TRUE.

RETURN
END
SUBROUTINE SAVE1 ( IPSIST , NSHAPS , STEMP )

R D B T P e T o/ S erensranpevpney

placements, Only the values corresponding to the
ified number of shape functions are saved,

* % ¥ * % » * *»

Subroutine SAVE! makes a permanent copy of the tip dis-
placement variables at each STEPMX station around the
rotor disk. These values are used by the loads routine
to calculate the blade loads based upon the tip dis-

spec-

* * % ® % % * »

TAI RN AW AR WA IR ATl deA ATl i RIS il A B I e e A A S e e dr e

AU RARRR AN TR RN AN ARNN AN AR T RAAEARARIR AR AU AR AR R KA AR NN

*

* External references in this routine:
*
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jzed coordinates,

*

*  Nemed COMMON blocks used in this routine:

w

* CONST - Turbine and other constants used in load
* calculations.

* LIMITC - Holds values used in the LIMITS routine.

* POSITN - Holds parameters related to hlade position
* such as PHI, PSI, etc.

* SARAYS - Holds new and old values for the general-
*

*

* % ¥ ¥ X ¥ % * * * »

HRRRUKRARARRRRARNRIEATTERNRE AR RR AT AR TR AR RN AR IR AR R ARk

RRNRRAANRAFR R AN RRRRRANTRAAR NN RRARRRNRRRRRRNRR KRR AN A AR R AR NI

ment values. The third dimension repre-
sents the order of the time derivative.

*

*  Local and dummy variables used in this reutine:

*

* IPSIST - The next STEPMX station in integer degrees.
* NEW - Array index for new data.

* NSHAPS - Number of blade shape functions, 4 maximum.
* NSHP - Counter on DO loops for the coordinate
w shape function,

* STEMP - Temporary array holding the tip displace-
»

*

*

* % % * ¥ ¥ * F #* * * *

KRNI R RA RN KRN A WH KA RN A RN AR AR AR IR R AR RN R IR RS RN R ek

REAL STEMP  (4,0:1,012)
INTEGER 1PSIST

INTEGER NEW

INTEGER NSHAPS

INTEGER NSHP

INCLUDE 1C: INCLUDE\CONST2. INC!
INCLUDE 1C: INCLUDENLINITC. INC!
INCLUDE 1C: INCLUDE\POSITN. INC!
INCLUDE 1 INCLUDE\SARAYS . INC/
SAVE NEW

DATA NEW f 1y

Move the values stored in STEMP into SNEW.
DO 10 NSHP=1,NSHAPS

SNEW(NSHP,0,1PSIST) = STEMP(NSHP, NEW,0)
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SNEW(NSHP, 1, IPSIST) = STEMP(NSHP,NEW,1)
SNEWCNSHP 2, IRSIST) = STEMP(NSHP NEW,2)

10 CONTINUE

_Set the STEPMX station pointer, IPSIST, for the next STEPMX
location on the rotor disk.

IPS19T = [PSIST + STEPMX*RAD2DG + 0.001

RETURN
END
SUBROUTINE SETUP

AR A A ARV AR A S A e A A AR d o A e o A A oy e e S e A e s e e e e e

Subroutine SETUP allows the user to i{nteractively
change the ‘free! variables of FLAP. The !free' vari-
ables are those that do not affect the computation of
the coefficient matrices or property arrays and wWhich
are not specifically machine dependent.

* * * * * * %
* * = * % * *

PP YA e A IR e e A T I e A AR e e e Aok o e e s I e e W ke e e e ok e e o

ARATRARHNERRRAHRRREAKAANRAA KR INRRRANAERAR AR TR AR NI RR L ARRAN R R d ek
L]

External references in this routine:

*
*
* none
*

% % * %

AN R e ARV S AR TR AR W A A Al A W A T oy e AR W o W e el s e o

St Reede i e AR R TR A RN S R IR R R AR R AR AR R AR AR AR R AR bk ke ke

Named COMMON blocks used in this routine:

BLADE - Holds blade property values such as stiff-

ness and mass distributions,

Turbine and other constants used in load

calculations,

LITERL - Holds data set titles,

TURBN - Holds turbine parameters such as number of
blades, rotor speed, etc.

WIND - Holds wind shear and tower shadow parame-
ters,

CONST

* * ¥ * % ¥ % %X X ¥ * % ¥
.
* * * % ® % % % % * ¥ * *

Vet T ol AR T v A T e o 3 eI Aol A AW e AR e e e ew e e e o e e e
HARRRRANENRERARARRARER RN TATRRAISRAN RN RRRA RN A SRR AR RAR AR kk ey
Local and dummy variables used in this routine:

ANS - Used to store responses to guestions.
ICASE - Number of variable to be changed.

* ®* % * * *

* * * » %

HRARRASNRRAIRETANRRANARRRT TR ERRR R REAARANR DA ARLR R RN R d R o
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INTBGER

CHARACTER*1

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

1000 FORMAT ( /

Po RO RO 0 Ro 2o RO RO RO Lo Lo fo Lo Lo Lo RO P R Qo RO QO L PO 2

1"

/

2000 FORMAT ( A

Print the

100 PRINT 1000,

Qo R0 QU R0 O RO RO RO FO Qo Lo

1CASH

ANS
'Ct INCLUDE\BLADEZ, INC/
*C1INCLUDE\CONST2, [NC/
'C1INCLUDE\LITERL, INC/

{C3INCLUDE\TRBINF, INC!

“fC2INCLUDE\TURBN. INC/

current values for the //free’’! variables:'

1
12
2
13
3
14
4
15
5
16
6
17
7
18
8
19
9
20
10
21
1"
22
23

2

va

C1 INCLUDE\WINDZ. INC!

ALEZNTH = ¢, F10.4 ,
PHIAMP = ¢, F10.4 ,
ALPHAD = ¢ , F10.4 ,
PHIOMG = ¢ , F10.4 ,
BETAO = ! , FI0.4 ,
PSISHD = ' , F10.4 ,
cht =4, F10.4 ,
PSIZER = ¢ , F10.4 ,
GRAV =/, F10,4 ,
RHOAIR = / , F10.4 ,
HUBHT = ¢ , F10.6 ,
SHERXP = / , F10.4

KSHADW = * , 110
THETAP =+ , FlU 6.,
NBLADS = ¢ , 110
THETAT = + , F10.4 ,
NSHAPS = ¢ , 110
TSUBD = ! , F10.4

OMEGA = / , F10.4 ,
TSUBP = ¢ , F10.4

PHIO =/ , F10.4 ,
VHUB = ¢, F10.4 ,
TIMING = ', F10.6 ,

)

NUMSCN = ¢, 110)

! feet !
! degrees'

! degrees !
! degrees/sec’
! degrees !
! degrees’

! degrees !
! degrees’

! feat/gec”2 !
! slugs/feet 3/
! feet ¢
12x

! degrees’

12X

! degrees’

12X

! RPM !
! degrees )
! feet/second’
! seconds !

lues of the free variables,

ALENTH , PHIAMP
ALPHAD , PHIOMA
BETAO , PSISHD

CH

1, PSIZER

GRAV , RHOAIR
HUBHT , SHERXP
KSHADW , THETAP
NBLADS , THETAT

NS
OM
PH

HAPS , TSUBO
EGA , TSuBP
10, veus

TIMING , NUMSCN
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Allow user to change values of the /free! variables, Display
values of all varfables after each change.

200 PRINT %, tWould you.like to change ony values? (Y,=N) » ¢
RBAD 2000, ANS

IF C ( ANS (B, 'Y/ ) JOR. ¢ ANS .HG, 'y’ ) ) THEN

210 PRINT *, ‘Enter the number of the variable you would like!
PRINT *, to change (1-24) > !
READ *, 1CASE

g0 TO (300,302,305,310,315,320,325,330,335, 340,345

& ,350, 355,360, 365,370,375, 380,365,390, 392,395

& , 403, 404) ICASE
PRINT *, ! »>»> |nvalid response. Please try again. <<<!
PRINT *, !t ¢
G0 TO 210

300 PRINT *, !Bnter new REAL value for ALENTH > ¢
READ *, ALENTH
GO 10 100

302 PRINT *, 'Enter new REAL value far ALPHAD > /
READ *, AlPHAO
GO Yo 100
308 PRINT *, ‘Enter new REAL value for BETAD > !
‘ READ %, BETAD
GO TO 100

310°  PRINT %, 'Enter new REAL value for CHl > ¢
READ *, CHl
GO TO 100

315 PRINT ¥, ‘Enter new REAL value for GRAV > !
READ *, GRAY
GO0 TO 100

320 PRINT *, 'Enter new REAL value for HUBHT > /
READ *, HUBHT
60 TO 100

325 PRINT *, 'Entar new INTEGER value for KSHADW » !
READ *, XSHADW
GO TO 100

330 PRINT *, 'Enter new INTEGER value for NBLADS > !
READ *, NBLADS
GO0 TO 100

335 PRINT *, 'Enter new INTEGER value for NSHAPS > !
READ *, NSHAPS
G0 TO 100

340 PRINT *, 'Enter new REAL value for OMEGA > /
READ *, OMEGA
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348

350

355

360

365

370

37

380

385

390

3ve

395

403

404

a0 10 100

PRINT *, ‘Hnter
READ *, PHIO
a0 TO 100

PRINT ¥,
READ ¥,
G0 TO 100

'nter
PHIAMP

PRINT *,
READ *,
G0 10 100

‘Bnter
PHIOMG

PRINT ¥,
READ ¥,
GO TO 100

'gnter
PSISHD

PRINT ¥,
READ %,
GO To 100

'Bnter
PS1ZER

PRINT *,
READ *,
60 TO 100

‘Enter
RHOAIR

PRINT ¥,
READ ¥,
60 TO 100

‘gnter
SHERXP

PRINT *,
READ *,
G0 TO 100

‘Enter
THETAP

PRINT *,
READ *,
60 10 100

‘Enter
THETAT

PRINT ¥,
READ *,
60 1O 100

'Enter
TSUBO

'Enter
Tsusp

PRINT *,
READ ¥,
G0 TO 100

PRINT %, ‘Enter
READ *, Vius
GO TO 100

PRINY *, ‘Enter
READ *, TIMINC
PRINT *, TIMINC
G0 TO 100

PRINT %, ’Enter
READ *, NUMSCN
PRINT *, MUMSCN
60 7O 100

nen REAL value fop

new REAL value for

neW REAL value for

new REAL valug for

nuw REAL value for

neW REAL value for

new REAL value for

new REAL value for

new REAL value for

new REAL value for

new REAL value for

new REAL value for

new REAL value for

naw REAL value for

PHIO > ¢

PUTAMP >

PH10MQ

v

PSISHD

v

PSIZER >

RHOAIR >

SHERKP >

THETAP >

THETAT >

TSUBOD > /

TSUBP > ¢

VHURB > ¢

TIMINC>!

NUMSCN>/
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BLEE IF ( ¢ ANS NE. 'N' ) LAND, ( ANS (NE, 'n/ )

& JAND. ¢ ANS \NE, ' ! ) ) THEN
PRINT %, »>» (nvalid response, Please try again, <<<¢/
PRINT *, !

60 YU 200

END IF
Compute commonly used gonstants.

RR = BLTIP + HUBRAD

ABAR = ALENTH/RR

RROMGA = RR¥OMEGA*P[/30.0

CrHP = COS( THETAP/RAD20G )

STHP = SIN( THETAP/RAD2DG )

RETURN

END

SUBROUTINE SHAPES ( NPTS )

W e Ve de ey et Ty e e e Ay S A AR v e e ey g R TR el A i e W e e

* % ¥ % * %= % * * * * #*

Subroutine SHAPES computes the values of the four co-
ordinate shape functions at each of the MNPTS stations
along the blade, This is done for all four shape func-
tions regardless of the value specified in NSHAPS.
This routine is rim only when the program {s first in-
{tialized and {s nut run again for any subsequent {ter-
ations of the RUN routine.

These functions are identical to those included in the
COEFFS routine of Module 1,

* * % * ¥ * ¥ * % X * %

Laa it e i aana a el b Dt be el bl e s fdda pd ottt st i il adn sl

PRI R AR IR et AT A A AR I e S A I dew Sk el ey At e e e et e e ek

* T O * %

External references in this routine:

none

%* * ¥ ® X

Lt i el a st Rl el Rl Ll st D At St ER e D s R e i et dad bt i

HRA AU RN RN VNI A AR AR A A Ay e e o ok o et ol el e ey o el el e e ekt

F % * * * %

Named COMMOM blocks used in this routine:

BLADE - Holds blade property values such as stiff-
ness arcl mass distributions.

* %* * * * *

FRRR AV AR NA RS RRAR RN N TR R AR IR AA RN kA dedede o fedededede e ieie e s e i e

LA a DAt ad et el adada bt e d s e et t el an da f o d sl d it

*
w

Local and chmy variables used in this routine:
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Generic index.
L - Blade length, BLTIP.

* *
* *
* *
* LSQRD - Square of blade length. *
* NPTS - Number of points along the blade used to *
* perform Simpson’s integration for calculat- *
* ing the moments and forces at the blade *
* root. *
* STEP - Distance between points along the blade. *
* X - Lozation along the blade. *
* X2 - XN, *
* X3 - X*3. *
* X4 - X0, *
* *

R AR AT IR AR AR W AR TR A R AU A A T YA R e A A e R A AT e e

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 1
INTEGER NPTS
INCLUDE 'C:INCLUDE\BLADEZ. INC’
INCLUDE !C: INCLUDE\SHAPE. INC’
INCLUDE !C:INCLUDE\MODAL . INC’

Initialize some constants.

STEP = 1.0/C NPTS - 1)
L = BLTIP

LSQRD = BLTIP**2

X = -STEP

DO 20 I = 1, NPTS

X = X + STEP

X2 = X *X

X3 = X2*X

X4 = X3*X

POLY(1,1) = X2*(( X - 4.0 )X + 6.0)/3
POLY(2,1) = X3%(¢ 3*X - 10.0 )*X + 10.0)/3
POLY(3, 1) = X4%(( 2*X - 6.0 )*X + 5.0)
POLY(4, 1) = XWX4*(( 10*X - 28.0 )*X + 21.0)/3
POLYDT(1,1) =  4%X *(( X = 3.0 )*X + 3.0)/C 3*L )
POLYDT(2,1) = 5%X2*(( 3*X - 8.0 )X + 6.0)/(¢ 3*L )
POLYDT(3,1) =  2%X3*(( 6"X - 15.0 )*X + 10.0)/L
POLYDT(4,1) =  T*X4*(( 10%X - 24.0 )»*X + 15.0)/( 3*L )
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POLYDD(1, 1)
POLYDD(2,1)
POLYDO(3,1)
POLYDD(4, 1)

1

20 CONTINUE
DO670 1 = 1,4
DO 660 J = 1,NPTS

SHAPE(1,0,J)
SHAPE(I,1,J)
SHAPE(1,2,4)

660 CONTINUE

670 CONTINUE

o o

DO 700 1 = 1,NPTS
DO 690 J = 1,4
DO 480 K = 1,4
SHAPE(J,0,1)
SHAPE(J,1,1)
SHAPE(J,2,1)
680 CONTINUE
690  CONTINUE
700 CONTINUE

DOT703 I =1,4
TIPDFL = 1.

4 *(( X = 2.0 )*X + 1.0)/LSQRD

20%X *(( 3*X - 6.0 )*X + 3.0)/( 3*LSQRD )
60%X2*(( X - 2.0 )* + 1.0)/LSQRD
140%*X3*(( X - 2.0 )*X + 1,0)/LSGRD

0O 701 K = 1,MPTS

SHAPE(1,0,K)
SHAPE(I,1,K)
SHAPE(I,2,K)
701 CONTINUE
703 CONTINUE

RETURN
END

SHAPE(J,0,1) + LAMDA(K,J)*POLY(K,1)
SHAPE(J,1,I) + LAMDACK,J)*POLYDT(K, 1)
SHAPE(J,2,1) + LAMDA(K, J)*POLYDD(K,1)

SHAPE(1,0,K)/TIPDFL
SHAPE(1,1,K)/TIPDFL
SHAPE(1,2,K)/TIPDFL

FUMCTION SIMPSN ( LOWLIM , UPLIM , WNPTS , FOFX )

WA AT R AT R T AT AW AR R AT A Vel TS s A e A e R e e ek s e e v Ve

%* * * *

*

Function SIMPSN performs a composite Simpson’s integra-
tion of a given duta set.
the SIMPSN routine used by COEFFS in Module 1.

This routine is identical to

* * % * *»

RHERR AR AT AN AR R ARAEERARRAERA AR AT RNANETERRRRRAN AT AARERRARANARAR AN

Riaaad s da s adad s d it st iy s na d il et et e e T T

none

External references in this routine:

* % ® F *

TR AR AR R WA AR A A AR W A e A e A e fe i e s e s e e i e s de o

etz ad et a g ad bt el d et ad et d it ad st a it s el ey D2 sl ot st

+ o % %

none

Named COMMON blocks used in this routine:

]

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

FOFX - Array of dsta points to be integrated.
They are treated as the value of a function
evaluated at a specific point.

H - Subinterval size.

Generic index.

LOWLIM - Lower limit of integration.

NPTS - Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root.

SIMPSN - Value of the integral from LOWLIM to UPLIM,

UPLIM - Upper limit of integration.

* ®* % % %* % ®* * % * % %x * * * *
* e
% * * % * % ¥ %X % *F X ®* ¥ * % ¥

ARRRAAAANERRRRRRRRTE RN RARVRERACTAERREA R R X RRTRRRNRTRAR AR RRN AN AR

“ REAL FOFX  (21)
REAL H

REAL LOWLIM
REAL SIMPSN

REAL UPLIM
INTEGER 1

INTEGER NPTS

Compute the subinterval size and initialize the integral.

1

H ( UPLIM - LOWLIM >/C NPTS - 1)
SIMPSN = 0.0

Add in the intermediate points. In the formulation, all even
numbered points have coefficient of 4. In this case, the index
must be shifted to form the proper coefficient.

DO 10 1=2,NPTS-1,2
SIMPSN = SIMPSN + 4.0%FOFX(1) + 2.0%FOFXC1+1)

SIMPSH = SIMPSN + FOFX(1) - FOFX(NPTS)

SIMPSN = H*SIMPSN/3.0

RETURN
END
SUBROUTINE SOLVE

TRERAARARAARAN AN ERRAR AT RANATRARRN AR AR AR T RC AT ARG RR RS bR
*

*  Subroutine SOLVE computes the inverse of coefficient
*  matrix CMMASS and then premultiplies all the other co-
* efficient matrices by the inverse CMMASS matrix. The

* * * %
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*  result of multiplying the inverse CMMASS matrix by the
*  CMMASS matrix is printed on the screen for diagnostic
*  purposes. 1t should be very close to the ldentity mat-
*orix.
*
e e s e e e e ke ke el ol e e il s e e Ve el e e e e e e e e ol e ey e e b ke e S e e e ol e e e de o
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*
* External references in this routine:
*
* INVERT - Provides an interface to the GAUSS routine.
* MULT - Premultiplies the incoming matrix by the
* inverse CMMASS matrix.
*
e e e e A e el eI e e e e AR e Ve S It o e de e i e e e e e ek et e e ke el e ok
tﬁ**t*'t*R***t***#**ﬁ****t*it****titf*ﬁ***t*t*i**t****;********
w
*  Named COMMON blocks used in this routine:
*
* IV - Holds the inverse of the mass matrix.
b MATRX1 - Holds stiffness coefficient matrices.
* MATRX2 - Holds other matrices related to coriolis
* stiffening, gravity, etc.
* TURBN - Holds turbine parameters such as number of
* blades, rotor speed, etc.
*
ARRNRTATTRRRRTRARN TR AR AR TR RN R KRR AR RN R ARk N R WA Rl
FAA AR f U A e e et i e de s Fovk v e vede v v e e etk dede dede e e ek e et Ve e e de dedede o
L
* Local and dummy variables used in this routine:
"
* 1 - Generic index.
* J + Generic index.
* K - Generic index.
* TEMP - A temporary storage array used for matrix
* maniputation.
*
ATRRNRIARRRARARERRARRUARARARWRRTRRARRRRRR TR RRRR R RTRR R Rk kokd
REAL TEMP  (4,4)
INTEGER 1
INTEGER J
INTEGER K
INCLUDE TC:INCLUDENINV.INC!
INCLUDE fC1INCLUDE\MATRXY . INC’
INCLUDE C: INCLUDE\MATRX2. INC
INCLUDE ?C:INCLUDE\TURBN. INC’

4000 FORMAT ( 1X , 4F12.7 /)

g
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Invert the CMMASS matrix.

CALL INVERT ( CMMASS , AINVRS , NSHAPS )
Premultiply the other coefficient matrices by the inverse
CMMASS matrix.

CALL MULT ( CKBEND , NSHAPS , NSHAPS )

CALL MULT ( CKTOMG , NSHAPS , NSHAPS )

CALL MULT ( CKTGRV , NSHAPS , NSHAPS )
CALL MULT ¢ CKQLOD , NSHAPS , NSHAPS )

The coefficient matrix CKTCRL must be separated into individual
2-dimensional matrices for multiplication by the inverse CMMASS
matrix, Then the individual matrices are recombined into the
original 3-dimensional form.
DO 140 1=1,NSHAPS
DO 110 J=1,NSHAPS
DO 100 K=J,NSHAPS

TEMP(J,K) = CKTCRL(1,d,K)
TEMP(K,J) = CKTCRL(I,K,J)

100 CONTIRUE

110 CONTINUE
CALL MULT ( TEMP , NSHAPS , NSHAPS )
PO 130 J=1,NSHAPS

DO 120 K=J,NSHAPS

CKYCRL(I,d,K) = TEMP(J,K)
CKTCRL(I,K,J) = TEMP(K,J)
120 CONTINUE

130 CONTINUE

140 CONTINUE

Load three of the 1-dimensional matrices into a single matrix
of order 4 by 3 and premultiply it by the inverse CMMASS ma-
trix. Then move the resulting columns back into the original
vectors.

DO 200 J=1,NSHAPS

n

TEMP(J,1) = CMRIGDCJ)
TEMP(J,2) = CMBLNC(J)
TEMP(J,3) = CMGRAV(J)

200 CONTINUE
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210

CALL MULT ¢ TEMP , NSHAPS , 3 )
DO 210 J=1,NSHAPS
CMRIGD(J) = TEMP(J,1)

CMBLNC(J) = TEMP(J,2)
CMGRAV(J) = TEMP(J,3)

CONTINUE

Premultiply the CMMASS matrix by its inverse and save for diag-
nostic purposes. Print out the result.

“CALL MULT ( CMMASS , NSHAPS , NSHAPS )

400

510

500

PRINT %, ¢
PRINT *, /Product of CMMASS premultiplied by its inverse:’
PRINT *, /¢

DO 400 1=1,NSHAPS
PRINT 4000, ( CMMASS(I,J) , J=1,NSHAPS )

CMMASS is replaced by its inverse for use in the RUN routine
in computing the solution for the aerodynamic forces.
DO 500 I=1,NSHAPS

00 510 J=1,NSHAPS
CMMASS(1,d) = AINVRS(I,Jd)

CONTINUE

RETURN

_END

SUBROUTINE STRTUP ( STEMP , NPTS )

FRTWRRNAARTATRRRRRERRREERRARAERRTRANRRRARER AR AR T IR AR R AR ARk

Subroutine STRTUP computes the static deflection of the
blade at the startup position (Psi=270). This is then
used to compute further values based or an initial de-
flection. The initial static deflection is computed
based on the blade azimuth and the static (instantane-
ous) aerodynamic loads on the blade.

+ % % * * 2% % %

* ¥ % ¥ X * * %
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Ll a2 s b gl aad a2t aa n bl e s a s e a g nnas al n s 2 g gyl e tng s gt 2 gl g 2t el ey
External references in this routine:

AFORCE - Calculates the value of the aerodynamic
force integral.

FORM1 - Calculates the values of the blade dis-
placement function.

* % * % % * *»
* * % % %X % *
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*
*
*
®

INVERTY
NXTPH1

- Provides an interface to the GAUSS routine.
- Calculates the next values of the yaw vari-
ables,

*
*
%
*
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2 % * * * * * * % * % % % F * * % *

Named COMMON blocks used in this routine:

AIRFRC

CONST

MATRX1
MATRX2

POSITN

SARAYS

START
TURBN

- Holds values used in aerodynamic calcula-
tions.

- Turbine and other constants used in load

calculations.

Holds stiffness coefficient matrices.

- Holds other matrices related to coriolis
stiffening, gravity, etc.

- Holds parameters related to blade position
such as PHI, PSI, etc.

- Holds new and old values for the general-
ized coordinates.

- Holds initial blade deflection.

Holds turbine parameters such as number of

blades, rotor speed, etc.

* % % ¥ F* ® X X * * ¥ % % X * * * *
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Local and

BLDANG

FSTAR
I
[DENT
K
KINVRS
KSTAR
L

M

NPTS

OMGSQR
STEMP

TIKNOW

dummy veriables used in this routine:

Blade azimuth position used in the teeter-

ing rotor option.

- Complicated term.

« Generic irviex.

- The identity matrix.

- Generic index.

- Inverse of KSTAR matrix.

- Complicated term.

Generic index.

Generic index.

- Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root. (passed from FLAP1)

- Omega’™2.

- Temporary array holding the tip displace-

ment values. The third dimension repre-

sents the order of the time derivative.
current time.

1

% * % * ¥ % % % %* * K % ¥ ¥ X * ¥ % * * ¥ X »

W e 4 e g e o Yl e e YA ool el A T o v o e e et e i e v YA W e v e A T A e e e e

REAL
REAL
REAL
REAL
REAL
REAL
REAL

BLDANG

FSTAR  (4)

IDENT  (4,4)
KINVRS (4,4)

KSTAR  (4,4)
OMGSQR

STEWP  (6,0:1,0:2)
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REAL TIMNOW

INTEGER 1

INTEGER K

INTEGER L

INTEGER H

INTEGER NPTS

INCLUDE ' €3 INCLUDE\AIRFRC. INC'
INGLUDE C:INCLUDEN\CONST2. INC’
INCLUDE /C: INCLUDE\MATRX1. INC/
INCLUDE 'C: INCLUDE\MATRX2. INC’
INCLUDE fCsINCLUDE\POSITN.INC/
INCLUDE ‘C:INCLUDE\SARAYS.INC’
INCLUDE fC:INCLUDE\START. INC/
INCLUDE !C:INCLUDE\TURBN. INC/

Initialize some arrays.
DO 120 M=1,NSHAPS
DO 100 Is0,2

0.0
0.0

STEMP(M,0,1)
STEMP(M,1,1)

n

100 CONTINUE

0O 110 K=1,NSHAPS
110 IDENT(M,K) = 0.0

IDENT(M,M) = 1.0

120 CONTINUE

Compute the FAERD values for use in calculating the FSTAR

values. These are actually FAERO multiplied by the inverse

CMMASS matrix.
TIMNOW = TIME(1)

CALL NXTPHI ¢ TIMNOW )

BLDANG = PSI(1)

CALL FORM1 ( STEMP , NPTS , NSHAPS )
CALL AFORCE ( NPTS , BLDANG )
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BLDANG = PSI(1)

CALL FORM1 ( STEMP , NPTS , NSHAPS )
CALL AFORCE ( NPTS , BLDANG )

Compute the FSTAR values.

OMGSQR = OMEGAw*2

DO 310 M=1,NSHAPS

FSTAR(M)

FAERO(M) -~ OMGSQR¥BETAO*CTHP*CMRIGD(M)
OMGSQR*STHP*CTHP*CMBLNC(M)
GRAV¥*( CHI*CTHP + STHP )*CMGRAV(M)

o Ro
LI 3

310 - CONTINUE

Compute the KSTAR values.
DO 410 M=1,NSHAPS
DO 408 X=1,NSHAPS
400 KSTAR(M,K) = CKBEND(M,K)
& + OMGSUR*( CKTOMG(M,K) - STHP*STHP*CKQLOD(M,K)
& « STHP*STHP*IDENT(M,K) )

410 CONTINUE

Invert the KSTAR matrix.

CALL INVERT ( KSTAR , KINVRS , NSHAPS )

Compute S(K) = S(L) = ( KSTAR - INVERSE(L,M) Y*FSTAR(M).
DO 510 L=1,NSHAPS
SO(L) = 0.0

D0 500 M=1,NSHAPS
500 SOCL) = SOCL) + KINVRSCL,M)Y*FSTAR(M)

510 CONTINUE

Load the resulting static deflection values intc the appropriate
tip data array and set all other values to zero.

D0 610 K=1,HSHAPS °
DO 600 1=0,1
STEMPCK,1,0) = SO(K)

STEMP(K,1,1) = 0.0
STEMPCK,1,2) = 0.0

1

Hl
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600 CONTINUE

610 CONTINUE

RETURN
END

SUBROUTINE TRACE ( STEMP , NPTS )

FRT AN AW A T d T A AW WA A AR AR KRR AT W AR A TR AR A T AW W o e RN e

* % % * * % X ® % * *

Subroutine TRACE prints out the values of certain vari-
ables at each printout interval around the disk. The
printout includes the current values of DELPSI, the
blade tip acceleration, velocity and deflection, the
error value and the values of the relative fluid veloc-
ity in the edgewise and flapwise directions. This is
done for each STEPMX station and is part of the diag-
nostic features of the code. 1t is controlled by the
TRACEF flag set in the subroutine LIMITS,

* ¥ * * * ¥ F * ¥ * *

TR VeI e Tt R A A e I AR A A AT A T o A v e e e e e o W e e

nnw*mm«&atwﬂmnutm*u*tmnm*****wm*

* % * % ®

External references in this routine:

none

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

AIRFRC - Holds values used in aerodynamic calcula-
tions,

CONST - Turbine and other constants used in load
calculations.

POSITN - Holds parameters related to blade position
such as PHI, PSI, ete.

TURBN - Holds turbine parameters such as gumber of
blades, rotor speed, etc.
VREL1 - Holds blade section velocity components.

* % * % %X * % * ¥ ¥ * * *
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Local and dummy variables used in this routine:

JCALLS - Print counter.

K - Generic irclex.

NEW - Array index for new data.

NPTS - Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root. (passed from FLAP1)

%* % * * * * % * T #*
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* STEMP - Temporary array holding the tip displace- *
* ment values. The third dimension repre- *
* sents the order of the time derivative. *
* X - Psi in degrees. *
b XX - DeltaPsi in degrees. *
*

e o s oo e Al e o A vl ek e TR A B e ok e e e e Ve o ke ek o ek e e e e o

REAL STEMP  (4,0:1,0:2)

REAL X

REAL XX

INTEGER JCALLS

INTEGER K

INTEGER NEW

INTEGER NPTS

INCLUDE ! €1 INCLUDE\AIRFRC. INC!

INCLUDE /C:INCLUDE\CONST2. INC!

INCLUDE /C:INCLUDE\POSITN. INC/

INCLUDE ! €3 INCLUDE\TURBN. INC'

INCLUDE C2INCLUDE\VREL1. INC!

SAVE JCALLS

SAVE NEW

DATA JCALLS /7 -1/

DATA NEW /Y

1000 FORMAT( / ¢ Psi d-Psi Accel  Velocity Deflect Error !
& ., ! FAero VEta-Tip VZeta-Tip’ /)
1100 FORMAT( FS.0 , F6.2 , 2F10.3 , F8.3 , F11.6 , F10.3 , 2F9.3 )

Get Psi and delta-Psi in degrees,
X = PSI(1)*RAD2DG
XX = DELPSI(1)*RAD2DG

JCALLS is used to print column headings every ten lines.
JCALLS = JCALLS + 1
IF ( MOD( JCALLS , 10 ) .EQ. 0 ) WRITE (4,1000)
DO 100 K=1,NSHAPS
100 WRITE (4,1100) X , XX , STEMP(K,NEW,2) , STEMP(K,NEW,1)

, STEMP(K,NEW,0) , ERROR , FAERO(K) , VETA(NPTS)
& + VZETA(NPTS)

RETURN
END
SUBROUTINE TRMTST ( ITRIM )
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Subroutine TRMTST compares the results of two consecu-
tive rotor revolutions. The trim error condition is
satisfied if the value of QUANTZ times the trim error
fraction is less than the QUANT1 value. If any one az-
imuth location fails the trim test criterion, controt
is returned to the calling routine and another disk
revolution is performed, If all the STEPMX stations
pass the test, then the trim solution exists and the
loads are computed.

%* * ¥ % ¥ X * ¥ % A *
% ¥ % * ¥ * * * * ¥
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External references in this routine:

none

* ¥ % * #*
* * * * ®»
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blades, rotor speed, etc.

* *
*  Nemed COMMON blocks used in this routine: *
* *
* CONST - Turbine and other constants used in load %
* calculations. *
hd LIMITC - Holds values used in the LIMITS routine, *
* SARAYS - Holds new and old values for the general- ¥
* ized coordinates. *
* START - Holds initial blade deflection. *
* TURBN - Holds turbine parameters such as number of ¥
* L3
*

WA AW R AW NAA RN RWAANRAAAERTRATANRRARRRN AT RN ARARAE R R AR AR RNk

RN AR AR A AR T AR R AR AR H AR R AR AR W R KRR AR A deok e s e v ek i ke

Local and dummy variables used in this routine:

1 - Generic index.

ISTPMX - STEPMX integerized.

ITRIM - Flag that indicates that the trim solution
has been completed when set to O.

NSHP - Counter on DO loops for the coordinate
shape function.

QUANTY - This contains the sum of the differences

betweer; the blade tip deflections computed
for this rotor revolution and the last rev-
olution. This sumnation is also over the
coordinate shapes used in this run.

QUANT2 - This contains the sum of the blade tip de-
flections computed by subroutine STRTUP for
the static blade deflection of each courdi-
nate function used in this run.

* % % ® * % ¥ % X * % * #* * 2 % F F »
‘*%!I‘!ﬂ*‘t#ii*t‘&*
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D-101



REAL QUANT1

REAL QUANT2

INTEGER 1

INTEGER 1STPMX

INTEGER ITRIM

INTEGER NSHP

INCLUDE L2 INCLUDE\CONST2.INC’
INCLUDE 'C: INCLUDF\LIMITC.INC/
INCLUDE /C: INCLUDE\SARAYS. INC’
INCLUDE 'C: INCLUDE\START . INC/
INCLUDE 'C:INCLUDE\TURBN.INC’

Integerize the STEPMX interval.

ISTPMX = RAD2DG*STEPMX + 0.001

Compute the sum of the tip deflections that were computed in

subroutine STRTUP,
QUANTZ = 0.0

DO 100 NSHP=1,NSHAPS
100 QUANT2 = QUANTZ + SD(NSHP)

QUANT2 = ABS( QUANT2 )

Check each STEPMX station around the disk.
DO 210 1=1STPMX,360, 1STPHX

QUANT? = 0.0

Compute the sum of the differerces between tip deflections

for this rotor revolution and the last.

DO 200 WSHP=1,NSHAPS
200 QUANT1 = QUANTT + SNEW(NSHP,0,1) - SOLD(NSHP,1)

Compare the trim error fraction to the current deflection
differerces, 1f any station fails the test, return for

another revolution.

IF( ABS( QUANTT ) .GT. ( O.OT™QUANTZ*TRMERR ) )

210 CONTINUE

RETURN
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All stations satisfied the trim error criterion. The trim solution
is now complete. Set the ITRIM flag to zero to signal it. Loads
can now be computed and the yaw run started.

ITRIM = 0

RETURN
END
FUNCTION TRPZOD ( LOWLIM , BLYIP , FOF , NPTS )

WRAAAERRRRARTRIRAARTARARERRTHRRRREA AR RRRRA AR RARR KRR N RN AR NA AR

Function TRPZOD performs composite trapezoidal integra-
tion on a set of data points transmitted from the
calling routine. For derivation of the formula and
limitations, see Carnahan, p. 78 (see full reference in
commments for function SIMPSN). For computational effi-
ciency, the interval width is not used in the formula-
tion until the end when it is multiplied by the sum.

This function is similar to function TRAP in Module 1
of the FLAP code.

* * * * * * % % % * * *
* % * * ®* * % * ¥ ¥ * *
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*

External references in this routine:

*
*
* none
*

* % * * ¥
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Named COMMON blocks used in this routine:

none

* % % ¥ *
* * * »
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LOWLIM - Index of the lower integration Limit. The
blade position indexed by LOWLIM is given
by BLTIP*(LOWLIM-1)/(NPTS-1).

NPTS -~ Number of points along the blade used to
perform Simpson’s integration for calculat-

*
*  Local and dummy variables used in this routine: *
* L]
* BLTIP - Blade length. All integrations using this *
* function are performed from the lower limit *
* indexed by LOWLIM to the upper limit BLTIP. ¥
* FOF - Array of data points to be integrated. They ¥
* are treated by this function as the value *
* of a function evaluated at specific points. *
Ad H - Subinterval length given by H=(B-A)/K. *
* I - Index into the FOF array. *
* "
* *
= o
* L
»* *
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ing the moments ard forces at the blade *

root, (passed from FLAP1) "

TRPZOD - Value of the integral from the blade posi- *
tion indexed by LOWLIM to BLTIP. *

*

* ® % ¥ *

HRREHRFRAIATRAREWRRRE N R AN RRAAARRRA R AR et KRR RN AN E

REAL BLTIP

REAL FOF (201)
" REAL H

REAL TRPZOD

INTEGER 1

INTEGER LOWL 1M

INTEGER NPTS

Check to see if the lower and upper limits of integration are
the same. If so, the integral is zero.

IF ¢ LOWLIM .EQ. NPTS ) THEN

TRPZOD = 0.0
RETURN

END IF

Compute the distance between data points.

H = BLTIP/¢ NPTS - 1)

Initialize integral to the contribution of the end points.

TRP20D = 0.5%( FOF(LOWLIM) + FOF(NPTS) )

If there are only two data points, then we are done.

IF ( LONLIM+1 .EQ. NPTS ) GO TO 20

Add in the contribution of the intermediate points,
DO 10 I=LOWLIM+1,NPTS-1
TRPZOD = TRPZ0D + FOF(1)
Hultiply by the interval width and return.
TRPZOD = H*TRPZOD
RETURN

END
SUBROUTINE VREL ( INBORD , NPYS , BLDANG )
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Subroutine VREL computes the relative velocity compo-
nents for each of the blade stations. These values are
needed to compute the aerodynamic forces.

* % * » %
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External references in this routine:

INDUCD - Calculates the induced velocities along the

blade.

WINDVL - Cumputes wind velocity components.

* # * ¥ % * *»
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Named COMMON blocks used in this routine:

BLADE

CONST

DELTV

FORMS
POSITN

TURBN

VINDUC

VREL1?
WNDVEL

Holds blade property values such as stiff-
ness and mass distributions.

Turbine and other constants used in load
calculations,

Holds turbine inputs for possible future
use. Not currently used.

Holds blade deflections.

Holds parameters related to blade position
such as PHI, PSI, etc.

Holds turbine parameters such as number of
blades, rotor speed, etc.

Holds induced velocity components.

Holds blade section velocity components.
Holds values used in wind shear and tower
shadow computations.

% * F % % *» % * % % * % * # *
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Local and dummy variables used in this routine:

BLDANG
429

1
INBORD

NPTS

PHIDBR
PHIDCT

Blade azimuth position.

Cosine of the blade anglc.

Generic index.

The rumber of blade stations that are not
on the airfoil section.  INBORD is used in
other routines to differentiate between
sections of the blade with and without an
airfoil section.

Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root. (passed from FLAP1)

Tewporary storage.

Temporary storage.

* % % ®* % 3 # * ¥ £ ¥ ¥ * % % * ®
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PHIDST
QUANTA
QUANT2
QUANT3
QUANT4
R
ROMEGA
SPS!
spsi2
SPS13
STEP

X

Tewmporary storage,
Temporary storage.
Temporary storage.
Temporary storage.
Temporary storage.
Distance from hub axis.
Temporary storage.

Sine of the blade angle.

Temporary storage.
Temporary storage.

Distance between points along the blade.
The radial location along the blade (nondi-

mensional).
Blade station pointer.
the tip.

2 goes from zero to

* % % * %= % * £ % * % *» % % * »

WRNWRT AR AR N R AR R AN AR R RRERREWW R R AR R W e b AR R ok w sk

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

INTEGER

INTEGER

INTEGER

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

INCLUDE

BLDANG
ces1

PHIDBR
PHIDCT
PHIDST
QUANT1
QUANTZ
QUANT3
QUANT4

R

ROMEGA
SPSI
SPS12
SPSI3
STEP

X
z

1

INBORD
NPTS

/C: IMCLUDE\BLADEZ2. INC’

C: INCLUDE\CONST2. INC’

Cs INCLUDE\DELTV. INC/

G2 INCLUDE\FORMS., INC'

‘C:INCLUDE\POSITN. INC’

/C:INCLUDE\TURBN. INC’

C:INCLUDE\VINDUC . INC/

'C: INCLUDE\VREL1. INC!

' C: INCLUDE\WNDVEL . INC’
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Compute the wind velocity components and then the induced

velocity components.

CALL WINDVL ( NPTS , BLDANG )
CALL INDUCD ( INBORD , NPTS , BLDANG )

Set up constants used in this computation.

CPSI = COS( BLDANG )
SPSI = SIN( BLDANG )
SPS12 = -SPSI"STHP

SPSI3 = -SPSIVCTHP

PHIDBR = PHI(1)/OMEGA
PHIDST = PHIDBR*STHP*SPS]
PHIDCT = PHIDBR*CTHP*SPS]
ROMEGA = 1,0/RROMGA

STEP = BLTIP/( NPTS - 1)
2 = 0.0

Compute the velocity components VEta and VZeta.
DO 100 I=1,NPTS

R = HUBRAD + Z

Clear the velocity components on the nonaerodynamic portion

of the blade.

IF (I .LT. INBORD ) THEN

VETA(1) = 0.0

VZETA(I) = 0.0
ELSE

X = R/RR

VETACI) = -X*CTHP
VZETA(I)= -X*STHP - WV(1,[)*ROMEGA

QUANT1 = VINDR(CI) + ROMEGA*( VWIND(CI) - HUBVEL )
+ ROMEGA*DELTVY(I) - DVIND(I)
QUANT2 = DELTVX(CI)*ROMEGA + PHICO)*VINDR(I)
QUANT3 = PHIDBR*( ABAR + BETAO*X )
QUANT4 = DELTVZ(1)*ROMEGA - CHI*VINDRCI)
VETACI) = VETACI) - QUANT1*STHP
& + CPSI*( CTHP*( QUANT2 + QUANT3 )
& + PHIDBR*YV(O,1)/RR )
& + SPSIZ*QUANT4 + X*PHIDST
' VZETACI) = VZETACI) + QUANTI*CTHP
& + CPSI*( (QUANT2 + QUANT3)*STHP )
+ SPSIZ*QUANTS + X*PHIDCT

Convert the velocity components into dimensional form

before returning to the calling routine.

The VEta term

is negated to account for the sign convention that pos-
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itive velocities are from the leading edge to the trail-
ing edge.

VETA(I) = -VETA(I)*RROMGA
VZETA(1) = VZETA(1)*RROMGA

END IF

Increment the location along the blade and make another pass.
2 = 2+ STEP
100 CONTINUE
RETURN

END

SUBROUTINE WINDVL ( NPTS , BLDANG )

AR RTRAA R R AW o R R A A T T A A AT A A T e e T de s e T S e T A e TR R e e e
*

»

Subroutine WINDVL computes the wind velocity components
along the blade for a given time and azimuth position.
Provision has been made to include 2 time dependent
function for the hub velocity, but none is included
now. Likewise, time dependent functions deltaX, deltaY
*  and deltaz can be included in the future in the section

*  set aside for them here. They are now set to zero.
*

* % ®
* ¥ % » * % % % =
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*

External references in this routine:

*
»
¥ none
*

* * * % *
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%« *
*  Named COMMON blocks used in this routine: *
* ®
* BLADE - Holds blade property values such as stiff- «
* ness and mass distributions. *
* CONST - Turbine and other constants used in load *
* calculations. *
* DELTV - Holds turbine inputs for possible future ¥
* use. Not currently used. *
* POSITK - Holds parameters related to blade position *
* such as PHl, PSI, etc. *
* TURBN - Holds turbine parameters such as number of *
* blades, rotor speed, etc. *
* WIND - Holds wind shear and tower shadow parame- *
w ters. *
* WNDVEL - Holds values wused in wind shear ard tower *
* L

shadow computations.
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ARER

REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INCLUDE
INCLUDE
IMCLUDE
INCLUDE
INCLUDE
INCLUDE

INCLUDE

INCLUDE

*
AR R IR NSRRI AR D A AR AW RS WA R W TR IR AR e Ak AR R ok

St A e S A S ek s T e ol el o e e b e
Local and dummy variables used in this routine:

BLDANG - Blade azimuth position used in the teeter-
ing rotor option.

HH - Hub radius divided by its height.
1 - Generic index.
J - Generic index.

NPTS - Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments and forces at the blade
root,

P - Complicated term.

R - Location of the current point along the
blade, '

STEP - Distance betweern points along the blade.

* % % ¥ % * % * 2 % % %X X % 2 * =

WRANRNR KA TR R IR RN RN KRR R R AR ARR R R I R WR AR R R drede ket ko

BLDANG

HH

p

R

STEP

1

J

NPTS
/C: INCLUDE\BLADEZ2.INC’
'C:INCLUDE\CONST2.INC/
!C: INCLUDE\DELTV.INC/
*C: INCLUDE\POSITN. INC’
7C:INCLUDE\TURBN.INC’
/C: INCLUDE\WIND2.INC’

'C: INCLUDE\WNDVEL . INC'

fC:INCLUDE\TRBINF.INC'

Compute the wind velocity at the hub. A time dependent function

may

be added in the future.

HUBVEL = VHUB

Compute the wind shear components.

STEP =

HUBRAD
BLTIP/C NPTS - 1)
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100

110

200

DO 110 1=1,NPTS
HH = R/HUBHT

WSHRCO, 1) = 0.25*SHERXP*( SHERXP - 1.0 )¥HH**2

WSHR(1,1) = SHERXP*HH
WSHR(2,1) = O,
WSHR(2,1) = WSHR(O,1)
WSHR(3,1) = 0.0
WSHR(4,1) = 0.0
WSHR(S,1) = 0.0

R =R+ STEP

WSHEAR(1) = WSHR(O,1)

po 100 J=1,5
WSHEAR(1) = WSHEARC1) + WSHRCJ,1)¥COS¢ J*BLDANG )

CONTINUE
Compute tower shadow effects. When blade #1 is close to 360
degrees azimuth, the second blade must know that it is in the

tower shadow.

1F ( ABS( BLDANG - PSISHD ) .LE. PSIZER ) THEN

4 KSHADW*P1/PS1ZER
TSHADW = TSUBOD + TSUBP*COS( P*( BLDANG - PSISHD ) )

ELSE IF ( ABS( BLDANG - PSISHD - 2*P1 ) ,LE. PSIZER ) THEN

P KSHADW*P 1 /PS12ER
TSHADW = TSUBO + TSUBP*COS( P*( BLDANG - PSISHD - 2*PI ) )

ELSE

TSHADW

"

0.0
END IF

DO 200 1=1,NPTS
VHINDCI) = HUBVEL*( 1.0 + WSHEAR(1) - TSHADW )

RAIR KA ANNLR S IR R A AR TR N AN R R AT R W A AR AR R TAN R IR TR RRRR A AR KAk TR

* *®
* This place is reserved for future time dependent functions. *
* N "

WRANGRARTRRRARRRRANNRARRRRRERARR AR IRAA R AN ERIRD RN R RARRT AR AR AR R

Input the time dependent windspeed fluctuations if
working on a turbulent analysis: 1TURB .EQ. 1

R = HUBRAD/(HUBRAD+BLTIP)
STEP = (1.-R)/(NPTS-1)
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Flag for deciding if working on a turbulence analysis.

"IFC ITURB  .EQ. 1 ) THEN

Linearly interpolate along the blade span
using the three values as interpolation points
to get windspeed values along the entire 21
set of blade points.

600

DO 600 I = 1,NPTS

IF(R .LE. 0.3333333) THEN
DELTVY(1)=¢VYNOW1(1)-VYNOWH)*3 , *R+VYNOWH
ELSEIF(R .LE. 0.6666666)THEN

DELTVY(1)=(VYNOWT(2)-VYNOW1(1))*3 . *(R-.3333333)

& + VYNOW1(1)
ELSE
DELTVY(I)=(VYNOW1(3)-VYNOW1(2))*3.*(R-.6666666)
& + VYNOW1(2)
ENDIF
R=R+STEP
CONTINUE
ENDIF
RETURN
END

SUBROUTINE SERIES(M,N,A,B,NST,1PS,IPR)
REAL A(0:10,21)

REAL B(0:10,21)

REAL FACTOR

REAL FI

INTEGER 1PS(360)

INTEGER M '

INTEGER N

INTEGER NST

INTEGER 1PR

INCLUDE ¢ INCLUDE\RESLTS. ING/
FACTOR = FLOAT(IPR)/180.

Do 100 1 = O,N

F1 = FLOAT(I)

Do 80 4 = 1,21
SUMAZ = 0.
SUMB2 = 0.

DO 75 IST = 2,NST-1
PSI = IPS(IST)* .017453293
SUMAZ = SUMA2 + COS(FI*PSI)*RESLTS(IST,J M)
SUMB2 = SUMBZ2 + SIN(FI*PSI)*RESLTS(IST,d M)
CONTINUE
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PS1t = 0.
PSIN = 360.0%.017453293

SUMA = 2.%SUMA2 + COS(FI*PSI1)*RESLTS(1,d,M) +

& COSCFI*PSINI*RESLTSCNST,J M)

BUMB = 2."SUMB2 + SINCFI*PSI1)*RESLTS(1,J M) +

& SINCFI*PSIN)*RESLTS(NST,J M)

IF¢ 1 .EQ. 0) THEN
ACI,J) = 0.25*FACTOR*SUMA
B(1,d) = U,25%FACTORMSUMB
ELSE
ACL,d) m D.S*FACTOR*SUMA
BCI,d) = 0.5%FACTORVSUMB
ENDIF

CONTINUE

100 CONTINUE

RETURN
END

SUBROUTINE TRBCLC( NPTS )

subroutine for calculation of turbulence. We will assume that
turbulence is being modeled from rotationally sampled wind data
as predicted from the VEERS Wind Simulation model.

The file of data must contain 4 columns ( as evidenced in the
read statement below.

The first column is blade azimuth angle, the second column

is the windspeed for blade #1 at the 50% rotor racius station,
the third colum is the Wiidspeed for blade #1 at the tip,

and finally the fifth column is the windspeed at the

center of the hub.

Before this windspeed data is read in, the user is asked for the
name of the file containing the turbulent windspeed data, is asked
whether this data is in metric (meters/sec) or english units
(ft/s) arnd is asked for the name of the file to contain the
predicted turbulent {oads data. For the structure of this file,
see the block of comments near the WRITE statement toward the
end of this subroutine.

BE SURE TO RUN THE TRIM SOLUTION CORRESPONDING WITH THIS
TURBULENCE ANALYSIS WITH A VALUE OF SHERXP EQUAL TO ZERO
IF THE VEERS GENERATED WINDSPEED DATA ALREADY HAS THE
EFFECTS OF WINDSHEAR, IF YOU DON/T THEN THE PREDICTIONS
WILL HAVE TO MUCH CYCLIC CONTENT, DUE TO TWO TIMES THE
DESIRED WINDSHEAR VALUES.

REAL STEMP (4, 0:1 , 0:2)
REAL ANGLE

REAL AZIDAT

REAL AZIINC

REAL AZIOLD

REAL BLDANG

REAL DELVY1 (10)

"REAL PSIDIF

REAL RESLTS (21,9)
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REAL VY1 10)
REAL VYHuB

REAL VYSAVY (0:1,10)
REAL VYSAVH (0:1)

INTEGER 1
INTEGER J
TNTEGER NEW
INTEGER NPTS
INTEGER NSHP
INTEGER OLD

CHARACTER *50 WNDFIL
CHARACTER *5C LODFIL
CHARACTER * 2 ANS

INCLUDE /C+INCLUDE\BLADE2. INC/
INCLUDE 'C:INCLUDENLIMITC. INC!
INCLUDE C2INCLUDE\POSI TN, INO!
INCLUDE /C1INCLUDE\SARAYS. INC/
INCLUDE *C: INCLUDE\TURBN. INC ¢
INCLUDE 1C 2 INCLUDE\TRBINF , INC!
INCLUDE 1C: INCLUDE\CONST2. INC!
INCLUDE /C:INCLUDENDELTV., INC!
INCLUDE "C:INCLUDE\WINDZ. INC/
‘SAVE NEW

SAVE oLD

SAVE STEMP

DATA NEW /1 /

DATA oo /0/

PRINT *, ¢ ¢

PRINT *, ‘Turbulence Analysis Run Set-up’
PRINT *, ¢ :

Read in the name of the file containing the VEERS generated
Windspeed data.

PRINT *, ‘Read in the name of the wind residual time series file’

READ *, WNDFIL
PRINT *, WHDFIL

See if the windspeed data is in metric or english units.

"PRINT *, /Is the wind data in metric units (meters/sec)?’
READ *, ANS
PRINT *, ANS
PRINT *, ¢ !

Give the name of the file you want to write rotor and blade
teeter, loads, shaft-loads, etc. out to.

PRINT *, ‘Read in the name of the file for loads output’
READ *, LODFIL
PRINT ¥, LODFIL

OPEN (15, FILE = WNDFIL, STATUS = ‘UNKNOWN')
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250
260

OPEN (16, FILE = LODFIL, STATUS = 'UNKNOWN')

NSCN = 1
AZIDAT = O,

AZIDAT is the azimuth angle read from data,
VY1(J) 1s the windspeed data

for blade number 1, and VYHUB is the hubcenter windspeed.

currently MSTAT 1s limited to 2. We usually read {n windspeed

data at the 50% and 100% rotor radius location, for the

blade and then the hubcenter windspeed.

_Set the shear exponent from the trim run to

zera, since the file generated from the

VEERS mode{ already has the effects of windshear
fn it. Failure to do so will result in teo much
windshear. Other parameters such as tower shadow
inputs are not set to zero unless the user

reruns the trim solution with zero values

for Tp, TO - the tower shadow parameters.

Inftialize values for SHEREXP, PSI(Q),
A210LD, ERROR, DELPSI(1),

STEMP, etec,
SHERXP = 0.
pSIC0y = O.
AZIOLD = -0.0001
ERROR = 0.

DELPSI(1) = STEPMN
AZIINC = TIMINC*OMEGA

set the initial blade deflection, velocity,

and acceleration valuas to what was calculated
in the trim solution at zero azimuth angle. This
serves to start the solution process.

DO 260 NSHP = 1, NSHAPS
DO 250 1 =0, 2
STEMP(NSHP,OLD,I) = SNEWCNSHP, T , 360)
CONTINUE
CONT INUE

Set the left-hand endpoint windspeed value
needed in the linear interpolation process
equal to VHUB since we have not read in

a windspeed data line from the VEERS file yet.
The right-hand endpoint value will be the
new Line of windspeed data read in.

These values are necessary in order to have
endpoints for interpolation, since the blade
azimuth in the numerical integration process
will lie between azimuth values read from
the data (AZIDAT). Setting this first left-
hand point to VHUB starts the process. 1=0
stands for the left-hand endpoint value,
while 1=1 is the right-hand endpoint.
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c VYSAV1 is for blade 1,

c and VYSAVH {s the hub-center. J {s equal

c to 1 or 2 depending on whether it’s the 50%
¢ station or the blade tip.

DO 300 J = 1,MSTAT
VYSAV1(0,J) = 0.
300 CONT INUE
VYSAVH(0) = 0.

1000 READ (15,%) AZIDAT, (VY1(J), J=1,MSTAT), VYHUB

IF (¢ ANS (EQ. 'Y') .OR. ( ANS .EQ. 'y!)) THEN
DO 220 J = 1,MSTAT
VY1(J) = 3.28*VY1(J)
220 CONTINUE
VYHUB = 3.28*VYHUB
ENDIF

c Convert AZIDAT to radians
AZIDAT = AZIDAT/RADZ2DG

Be sure that the windspeed data produced by the VEERS medel
contains the hubheight or mean windspeed. 1f it doesn’t then
the next 4 lines of code should be commented out.

The purpose of the next 4 lines of code is

to subtract ocut the mean windspeed from the data input.

O oo o o0

DO 230 J = 1,MSTAT
VYAC) = WYCd)-VHUB
230 CONTINUE
VYHUB = VYHUB-VHUB

c We read in one line of windspeed data at a time.

c We interpolate the windspeed data to get turbulent
c windspeed fluctuations when the blade azimuth angle
c lies between successive values in the input file.

o Set the right-hand endpoint windspeed in the

c interpolation process equal to the windspeeds

c just read in,

DO 350 J = 1, MSTAT
VYSAVI(1,d) = WW1(J)
350.  CONTINUE
VYSAVH(1) = VYHUB

If we have passed through 360 degrees
then subtract out 360 degrees from
PSI. We are not able to deal with
azimuth angles greater than 360 deg.
Be sure to convert to radians.

0O 00 o0

1F( (AZIDAT - AZIOLD) .LT. 0.) THEN
PSI(0) = PSI(0) - 360./RAD2DG
AZI0LD = AZIOLD - 360./RADZ2DG
ENDIF
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Find the next azimuth angle in the

code rumerical solution process ( not
the azimuth angle of the next line

of wind data. PSI{1) represents

this mew azimuth angle (radians).

PSIDIF represents the difference between
this new azimuth location and the last
azimuth angle read in from the data.

400 CALL NXTAZI ( AZIDAT)

PSIDIF = PSI(1) - AZIOLD

Interpolate in order to determine turbuient winaspeed
data for azimuth angles lying between the previously
reai in line of data and the new line of data.
VYNOW1(J) is interpolated windspeed for blade 1 at
this new azimuth angle. VYROW2(J) is the interpolated
windspeed for blade 2. VYNOWH is the interpolated
hub center windspeed for this azimuth position.

These windspeed values are the ones that ultimately
get passed into the WINDVL subroutine.

The windspeed values for blade radial stations lying
between the hub, 50% radial station ard blade tip
get formed in WINDVL by linear interpolaticn along
the blade span. If the user wants to read windspeed
data at more than

these stations then SUBROUTINE WINDVL will have

to be changed and more columns of data would have

to be read in from the VEERS file.

DO 450 J = 1, MSTAT
DELVY1(J) = VYSAYI(1,J) - VYSAVI(0,J)
VYNOW1(J) = (DELVY1(J)/AZIINC)*PSIDIF + VYSAVI(O,J)
450 CONT INVE
DELVYD = VYSAVH(1) - VYSAVH(D)
VYNOWH = (DELVYO/AZIINC)*PSIDIF + VYZAVH(O)

CALL EULER ( STEMP, NSHAPS, NPTS)

IF(( ERROR .GT. EUERR) .AND. ( DELPSI(1) .GT. STEPMN))
& GO TO 400

DO 510 NSHP = 1, NSHAPS

Do 5001 =0,2
STEMP ( NSHP, OLD, 1) = STEMP(NSHP, NEW, I)
500 CONTINUE

510 CONT INUE
DELPSI(0) = DELPSI(1)
DELTAT(O) = DELTAT(1)
PS1(0) = PSI(Y)
IF( ABS(PSI(1)-AZIDAT) .GE. 0.1*STEPMN) THEN
GO TO 400
ELSE

ANGLE = AZIDAT*RADZDG
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512 1FC ANGLE .LT. 360) GO TO 515

ANGLE = ANGLE - 360.
GO TO 512

Calculate blade Loads and store
loads and response results in the
array RESLTS

515 BLDANG = PSI(1)

CALL LODCLC{BLDANG, STEMP, RESLTS)

This is the portion of the subroutine that writes

out results to the user designated loads output

file. ANGLE is the azimuth angle, RESLTS(I,J) is the
.results matrix for blade #1 at the I/th station.

J corresponds to the results item to printed out:

J=1 to 7.

1 correspords to the number of the blade radial
wtation, from 1 to 21, with 1 at the root and

21 at the blade tip.

J=1 BLADE DEFLECTION (FT.)

J=2 BLADE SLOPE  (FT./FT.)

J=3 BLADE FLAP+TEETER VELOCITY (FT/SEC)
J=4 BLADE TENSION (LB.)

J=5 BLADE EDGEWISE SHEAR FORCE (LB.)
J=6 BLADE FLAPWISE SHEAR FORCE (LB.)
J=7 BLADE FLAPWISE MOMENT (FT-LB)

J=8 BLADE EDGEWISE MOMENT (FT-LB)

J=9 BLADE TORSIONAL MOMENT (FT-LB)

Here we are printing out azimuth,

root flap-bending for blade 1 ,

65% span flap-bending for blade 1,
This statement witl need to be
changed by the user to write out items
needed.

WRITE(16,%) ANGLE, RESLTSC1,7),
& RESLTS(13,7)

Set the left-hand endpoint windspeeds to the right-
hand values and read in a new line of windspeed
data from the

VEERS generated windspeed file, until NSCN is
equal to NUMSCN.

DO 520 J = 1,MSTAT

520 VYSAVI(O, ) = VYSAVI(1,J)

VYSAVH(O) = VYSAVH(1)

NSCN = NSCN + 1

AZIOLD = AZIDAT

IFC NSCN .LE. NUMSCN) GO TO 1000
ENDIF
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RETURN

 END

SUBROUT

INE NXTAZI ( A2l )

WRAHVRRRAR AR AR A AR I RN IR AR AR R AR TR AR R AR R R kRN R dkh

* * ¥ ¥ * % * * % =

Subroutine NXTAZI computes the next value of the azi-
muth angle, Psi, based on the current value of the Eu-
ler error and the previous delta-Psi value, If the er-
ror is too large, a smaller delta-Psi will be used to
compute the value of Psi, unless the delta-Psi is al-
ready at the STEPMN lower limit. Likewise, if the Eu-
ler error is below a certain Limit, the delta-Psi value
is increased for the next Psi computation.

A % ® % % % * % % %
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External references in this routine:

none

% % % % »
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* ¥ * ¥ ®* * % % » * ¥

Named COMMON blocks used in this routine:

CONST - Turbine and other constants used in load
calculations.

LIMITC - Holds values used in the LIMITS routine.

POSITN - Holds parameters related to blade position
such as PHI, PSI, etc.

TURBN - Holds turbine parameters such as number of
blades, rotor speed, etc.

* * % * % * % * * ¥ *

|
i
|
§
i
§
3
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* * * * » » %

Local and dummy variables used in this routine:
A2l - The next STEPMX station .
NEW - Array index far new data.
oLd - Array index for old data.

* * % 2 * ® #*

WR AN AN IR R R W RN R AR AR TR R R RWR TR T RRRARTI A RN R RN Tdedr R e W

REAL

INTEGER
INTEGER

INCLUDE

INCLUDE

AZ1

NEW
OLD

/CzINCLUDE\CONST2,INC/

'C:INCLUDE\LIMITC.INC’

D-118



(2] 0O 00 o00a0n

OO0 0N oo

INCLUDE 'C:INCLUDE\POSTTN. INC/

INCLUDE 'C1INCLUDE\TURBN. INC/
. SAVE NEW

SAVE oL

DATA NEW 11/

DATA oLp /70/

Check the error, 1If it is too large, decrease delta-Psi by
50%. If it is very small, increase delta-Psi by 50%. The
value of delta-Psi must always be greater than STEPMN.

IF ( ERROR .GT. EUERR ) THEN
DELPSI(NEW) = AMAX1( O.5*DELPSI(NEW) , STEPMN )

ELSE IF ( ERROR .LT. O.1%EUERR ) THEN

DELPSI(NEW) = 1.5S*DELPSI(NEW)

END IF

This section of code checks the position of the new Psi against
the next STEPHX station. If the next Psi will go past the
STEPMX station, the delta-Psi is adjusted to bring the next Psi
directly onto the STEPMX point. If the next Psi will fall just
short of a STEPMX station, the delta-Psi is adjusted to assure
that it will not be necessary to use a delta-Psi smaller than
STEPMN to reach the next STEPMX station on the next iteration.

Programmer note:
The following logic can produce a delta-Psi that is less
than STEPMN for tWo steps. It would then move back within
tolerances. This case comes up when we are within slightly
less than two STEPMNs of the next STEPMX station. This
algorithm cannot produce a delta-Psi that is Less than
STEPMN/2, MLB
IF ( PSI(OLD)+DELPSI(NEW) .GT. AZl ) THEN
DELPSI(NEW) = AZl - PSI(QLD)
ELSE IF ¢ PSI(OLD)+DELPSI(NEW)+STEPMN .GT. AZ1 ) THEN
IF ¢ (DELPSI(NEW) .NE. STEPMW) .OR. (ERROR ,LE, EUERR, ) THEN
DELPSI(NEW) = 0.5%( AZI - PSI(OLD) )

END IF

END IF
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Set new Psi and delta-Time,
PST(NEW) = PSI(OLD) + DELPSI(NEW)
DELTAT(NEW) = DELPSI(NEW)/OMEGA

Get time values if we’re working on a yawing solution.
IF ¢ ITRIM .EQ, O ) TIME(NEW) = TIME(OLD) + DELTAT(NEW)

RETURN
END

SUBROUTINE LODCLC( BLDANG, STEMP, RESLTS)

TRl WAk Y A R A R A T A s Ao oW i A A S e v e e i e Wkt e vk
* *
* subroutine LODCLC is used to compute blade flap loads. *
* *
AHAAARAAR RN EE AR AR AN R IR AR Ak R A R AR Dk e e AR il el

HRANARRARRNY VLR RTIAR RN AR R R AR R R AR RS R R A W deR e e dew
External references in this routine:

*
*
* TRPZOD - Composite trapezoidal integration.
*

* * ® * *

WARIATRRRARRATRERRRRR KA T ERERRERA R AR ANARRTRTRER AR RN LRI

Fr e gt Ao vr A e s e ot ksl v sk de sk o S e e Vs S el A e W e A e e A e el e e e s e e e ok
Namecd COMMON blocks used in this routine:

AERO1 - Holds coefficients related to aerodynamic
loads calculations such as ClAlpha, CdZero,
etc,

AIRFRC - Holds values used in aerodynamic calcula-
tions.

BLADE - Holds blade property values such as stiff-

ness and mass distributions.

Turbine and other constants used in load

caleulations.

LIMITC - Holds values used in the LIMITS routine.

LODVAL - Holds values used to compute blade loads.

POSITN - Holds parameters related to blade position
such as PHI, PSI, etc.

SHAPE - Holds blade coordinate shape functions.

TENSIN - Holds tension component integrals.

TURBN - Holds turbine parameters such as number of
blades, rotor speed, etc.

WIND - Holds wind shear and tower shadow parame-
ters,

CONST

Q"t‘ki}*ll!**l!i‘*ﬂtl#
% * % % % % % % ¥ * * ¥ ¥ ¥ ¥ * ¥ B * * *

Laa e s ta s datad s a s s a bt s a bl et et il et tie s ne it e e dd et ad ay syt

Ladad o gt sl el Lo i bt et s 22ttt ad o d g d e aid g ) ol f g g

" *
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Local and dummy variables used in this routine:

BLDANG
COEF1
COEF2
COEF4
COEF7
cpsl
FACTR1
FINTGR
FLAPFN
1

1PT

J

LL

M
NPTS

NSHP

OMGASQ
PRDCTO
PRDCT1
PRDCT2
PRODCT
PYAERO

RESLTS
SPSI

TINTGR
TSNFCN

Blade azimuth position.

Complicated term,

Complicated term.

Complicated term.

Complicated term,

Cosine of the blade angle.

Complicated term.

Integral of FLAPFN.

Flapwise shear force distribution.

Generic index.

Data point index.

Generic index.

Generic index.

Generic index.

Number of points along the blade used to
perform Simpson’s integration for calculat-
ing the moments ard forces at the blade
root. (passed from FLAP1)

Counter on DO loops for the coordinate
shape function.

Omega“2.

Temporary storage.

Temporary storage.

Temporary storage.

Temporary storage.

Aerodynamic loads in the flapwise direc-
tion.

Temporary storage.

Sine of the blade angle.

" Integral of TSNFCN.

Product of the tension force and the slope
at a blade station.

* % % ¥ #* ¥ % X * % * % # 2 F X * % % * * F ¥ X % % * * X X * * * * »
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REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL

- REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

BLDANG
COEF1

COEF2

COEF&

COEF?

CPSI

FACTR1
FINTGR
FLAPFN (21)
EDGEFN (21)
TSNFCN (21)
VXFCN  (21)
OMGASQ
PRODD
PRDCTO
PRDCT1
PRDCT2
PRODCT (21)
PYAERO (21)
PXAERO (21)
QZFCN  (21)
RESLYS (21,9
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REAL SPS1

REAL STEMP (4, 0:1, 0:2)
REAL TINTGR

REAL TRPZ0D

INTEGER 1PT

INTEGER NPTS

INTEGER NSHP

XNCLUDE C: INCLUDE\AERO1.INC'
INCLUDE /C: INCLUDE\AIRFRC. INC/
INCLUDE /C: IMCLUDE\BLADE2. INC/
INCLUDE C: INCLUDE\CONST2. INC/
INCLUDE 'C:INCLUDE\LIMITC. INC/
INCLUDE /C: INCLUDE\LDDVAL. INC/
INCLUBE /C: INCLUDE\POSITN. INC/
INCLUDE C2INCLUDE\SHAPE. INC'
INCLUDE /C: INCLUDEN\TENSINZ. INC/
INCLUDE /C:INCLUDE\TURBN.INC’
INCLUDE ‘CLINCLUDE\WIND2.INC!
SAVE NPTS

SAVE NEW

DATA NPTS /7 21/

DATA MEW /7 1/

Initialize some constants

| OMGASQ = DMEGA**2

COEF1 = 2,0%OMEGA*STHP

COEF4 = OMGASQ*STHP*CTHP
COEF6 = OMGASQ*CTHP*CTHP
COEF? = OMGASQ*STHP*STHP

CPSI = COS{ BLDANG )
SPSI = SIN( BLDANG )

FACTRY = OMGASQ*BETAQ + 2*OMEGA*CPSI*PHIC1) + SPSI*PHI(2)

COEF2 = GRAV¥( -CHI*CTHP + STHP*SPS] + BETAD®CTHP*CPSI )
COEF3 = GRAV*( CHI*STHP + CTHP*SPS]-BETAO*STHP*CPSI)
COEF5S = GRAV*CPS!

COEF8 = GRAV*SPSI*STHP

PRODD = O0.5*RHOAIR*CSUBMA

DO 350 IPT = 1, NPTS

RESLTS(1PT,1) = 0,
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RESLTS(IPT,2) =
RESLTSCIPT,3)

Lt
o

u

0.

DO 300 NSHP = 1, NSHAPS

RESLTSCIPT,1) = RESLTSCIPT, 1)+
SHAPECNSHP,0, IPT)*STEMP(NSHP, NEW, 0)
RESLTS(IPT,2) = RESLTSCIPT,2)+
SHAPE(NSHP, 1, IPT)*STEMP(NSHP, NEW, 0)
RESLTS(CIPT,3) = RESLTS(IPT,3)+
SHAPE(NSHP, 0, IPTI*STEMP(NSHP, NEW, 1)
CONTINUE

PYAEROCIPT) = TRPZOD( 1PT, BLTIP, DAZETA, NPTS)
PXAEROCIPT) = TRPZOD( IPT, BLTIP, DAETA, NPTS)
DMSBAC = PRODD*CHORD(IPT )*WW({ IPT)**2
QZFCNCIPT) = DMSBAC + ESUBAC(IPT)*DAZETA(IPT)

PRDCTO = O.
PRDCTY = 0.
PROCT2 = 0.
PRODCT(IPT) = 0.

DO 340 NSHP = 1, NSHAPS

PRDCTO = PRDCTO +STEMP(NSHP,NEW, 0Y%TCORLS(NSHP, IPT)
PRDCT1 = PRDCT1 +STEMP(NSHP,NEW, 1)*TCORLSC(NSHP, IPT)
PRDCT2 = PRDCT2 +STEMP(NSHP,NEN,2)*TCORLS(NSHP, IPT)
_PRODCTCIPT) = PRODCT(IPT) + STEMP(NSHP, NEW, 0)

* CIFMOM(NSHP, IPT)

CONTINUE

RESLTS(IPT,4) = OMGASQ * TOMGA(IPT) + COEF1 * PRDCT1
- COEF5 * TGRAV(IPT)

RESLTS(IPT,5) = PXAERO(IPT) - FACTR1 ™ STHP * TOMGA(IPT)
+ COEF4 * PRDCTO + COEF3 * TGRAV(IPT)
+ COEF6 * OFFMAS(IPT)

RESLTS(IPT,6) = PYAERO(IPT) - FACTR1 * CTHP * TOMGA(IPT)
+ COEF7 * PRDCTO - PRDCT2 + COEF2 * TGRAV(IPT)
+ COEF4 * OFFMAS(IPT)

EDGEFN(IPT) = RESLTS(IPT,5)

VKFCN (1PT) = EDGEFN(CIPT)*RESLTS(IPT,2)
TSNFCNCIPT) = RESLTS(IPT,4) * RESLTSCIPT,2)
FLAPFN(IPT) = RESLTS(IPT,6)

[

350 CONTINUE

DO 360 IPT = 1,NPTS

EINTGR = TRP20D(IPT, BLTIP, EDGEFN, NPTS)
SINTGR = TRPZOD(IPT, BLTIP, VXFCN , NPTS)
TINTGR = TRPZOD(IPT, BLTIP, TSNFCN, NPTS)
QZAERO = TRPZOD(IPY, BLTIP, QZFCN , NPTS)

FINTGR = TRPZOD(IPT, BLTIP, FLAPFN, NPTS)
ECENGR = TRPZOD(IPT, BLTIP, ECNTF¥N, NPTS)



RESLTS(IPT,7) = TINTGR - FINTGR + COEF7*PROLCT(IPT)

RESLTS(IPT,8) = EINTGR - OMGASQ*ECENGR
& - COEF4*PRODCT(IPT) + COEFSYOFFMAS(IPT)
RESLTS(IPT,?) = QZAERO - SINTGR + COEF4*DELTIM(IPT)

& + COEFS*OFFMAS(IPT)
360 CONTINUE

RETURN
END

SUBROUTINE SHAFT2(1PS, IPR,NSTN)

INCLUDE 1C:INCLUDE\CONST2. INC!
INCLUDE 'C:INCLUDE\TURBN. INC/
INCLUDE C: INCLUDE\RESLTS. INC/
INCLUDE *C: INCLUDE\SHFLOD. INC/
INCLUDE 1C3 INCLUDE\BLADE2. INC’

" CHARACTER * 50 SHFOUT
CHARACTER * 15 LABEL1
CHARACTER * 10 LABEL2(6)

CHARACTER * 12 LABEL3(0:5)
CHARACTER * 12 LABEL4(0:5)
CHARACTER * 10 LABEL5(6)

INTEGER IPS(360)
INTEGER 1PR
INTEGER NSTN
INTEGER NSTN1
INTEGER NST1
INTEGER IST
INTEGER [ST2

REAL A(0:10,6)
REAL B(D:10,6)
REAL 2(0:10,6)
REAL D(0:10,6)
REAL SBETAD
REAL CBETAO
REAL FACTOR

- REAL Fl
REAL PSI1
REAL PSIN

SAVE LABELY
SAVE LABELZ2
SAVE LABEL3
SAVE LABEL4
SAVE LABELS

DATA LABEL1
& / 'Azimuth Angle’/

DATA LABEL2
& / 'Fxr!,'Fyr’,
& Fazr!, tMxr!, ‘Myr! ‘Mzr!/




DATA LABEL3

& / ‘cos(0*PS1)!, 'cos(PSt)!,
& ‘0os(2.*PS1)’,'cos(3.*PS1)/,
& /0os(4.*PS1)/, 'cos(5.%PS1)//

DATA LABEL4
& / 'sinC0.*PS1)/,'sin(PSt)/, /sin(2.*PS1)/,
& 'sin(3.*PS1)!, 'sin(4.*PS1)/, 'sin(5.%PS1)//
DATA LABELS
& / !'Fxh!, 'Fyh!,!Fzh!,
& 'Mxh?, 'Myh’,'Mzh’/
4000 FORMAT (/, 1X, A, 6¢ 1X, A))
4200 FORMAT (/, 2X, F10.3, 6(1X, F10.3))
4300 FORMAT (//)
4400 FORMAT (/, 17X, 61X, A))
4500 FORMAT (/, 1X, A , &(1X, F10.3))

SBETAO = SIN(BETAD)
CBETAO = COS(BETAO)

PSi1 = 0.
PSIN = 360.%,017453293

FACTOR = FLOAT(IPR)/180.

PRINT *, /Read in name of shaft loads output file < !
_READ *, SHFOUT

PRINT *, SHFOUT

OPENC 10, FILE = SHFOUT, STATUS = ‘UNKNOWN')

NSTN1 = NSTN - 1
DO 360 IST = 1,NSTN1

F(1,1,18T) = RESLTS(IST,1,5)*CTHP + RESLTS(IST,1,6)*STHP

F(2,1,1ST) = RESLYS(IST,1,6)*CBETAO*CTHP +
& RESLTSCIST,1,4)%SBETAO - RESLTS(IST,1,5)*CBETAO*STHP

F(3,1,18T) = RESLTSCIST,1,5)*SBETAO*STHP
& RESLTS(IST,1,6)*SBETAO*CTHP + RESLTS(IST,1,4)*CBEYAD

F(4,1,1ST) = RESLTS(IST,1,7)*CTHP + RESLYS(IST,1,8)*STHP
F(5,1,1ST) = RESLYSCIST,1,B)CBETAOXCTHP

&  + RESLTS(IST,1,9)"SBETAO

&  -RESLTS(IST,?,7)*CBETAO*STHP

F(6,1,18T) = RESLTS(IST,1,7)*SBETAU*STHP -
& RESLTS(1ST,1,8)*SBETAO*CTHP + RESLTS(IST,1,9)*CBETAC

360 CONTINUE

PO 3701 = 1,6
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FCL 1 NSTNY = BCIL1, 1)
370 CONTINUE

NST1 = INT(NSTN1/2. + .0001)

DO 390 1ST =1, NSTN1
IST2 = 18T + NST
1F( 1ST2 .GE. NSTN) THEN
1812 = IST - NST
ENDIF
DO 385 1 = 1,6
R(1,2,1872) = F(1,1,1ST)
385 CONTINUE
3‘#0' CONTINUE
DO 400 [ = 1,6
F(1,2,NSTN) = F(I1,2,1)

400 CONTINUE

DO 500 IST = 1,NSTN
PSI = IPS(IST) * 017453293

SHFLODC1,1ST) = F(1,1,18T) ~F(1,2,IST)

SHFLOD(2,18T) = F(2,1,1ST) + F(2,2,18T)

SKFLOD(3,1ST) = F(3,1,18T) - F(3,2,15T)

SHFLOD(4,IST) = F(4,1,IST) - F(4,2,1ST)
& - HUBRAD¥( F(2,1,1ST) - F(2,2,1ST))

SHFLOD(5,1ST) = F(5,1,18T) + F(5,2,1ST)
&  + HUBRAD¥( F(1,1,1ST) + E(1,2,15T))

SHFLOD(6,18T) = F(6,1,18T) - F(6,2,1ST)

HUBLOD(1,1ST) = SHFLOD(1,1ST)¥COSC(PSI) + SHFLOD(3,1ST)
& * SINCPSI)

HUBLOD(2,1S8T) = SHFLOD(2,IST)

HUBLOD(3,1ST) = SHFLOD(3,1ST)¥COS(PSI) - SHFLOD(1,1ST)
& * SINCPSI)

HUBLOD (4 , IST)
&  * SINCPSI)

SHELOD(4, ISTI*COS(PSI) + SHFLOD(6,1ST)
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HUBLOD (S, 187) = RHFLOO(S,1ST)

HUBLOD (6, 18T) = SHELON(G, 1STI*COS(PSI) -
& SHFLOR (4, 18TY*8IN(PSI)

500 CONTINUE
WRITE(10,%) 'Low-Speed Shaft Loads {n Rotor coordinates!
“WRITE(10,4000) LABEL1, ( LABEL2(¢J), J=1,6)
NO 420 1ST = 1, NSTN
WRITE(10,4200) IPSCIST), (SHFLOD(J,1STY, J=1,6)
420 CONTINUE
WR1TE(¢10,4300)
WRITEC10,*) ‘Hub loads in fixed frame hub coordinates’
WR1TE(10,4000) LABEL1, ( LABELS(J), Ju=1,6)
DO 430 1ST = 1, NSTN
WRITE(10,4200) 1PS(IST), (HUBLOD(J,1ST), J=1,6)
430 CONTINUE

C Compute harmonics of rotor shaft loads: Fourier Series expansion,
C Also compute harmonics of fixed frame hub loads, in hub cuordinates.

DO 800 11 = 1,6
Do 700 1=0,5

SUMA2 = 0,
UMB2 = 0,
SUMC2 = 0.
SUMD2 = 0,

FI = FLOAT(I)

DO 650 IST = 2, NSTNY
PSI = IPS(IST) * 017453293
SUMAZ = SUMAZ + COSCFI*PSI)WSHFLOD(1!,1ST)
SUMBZ = SUMB2 + SIN(FI%PSI)*SHFLOD(I1,IST)
SUMC2 = SUMC2 + COSCFI*PSI)*HUBLOD(11,1ST)
SUMD2 = SUMD2 + SINCFIPSI)*HUBLOD(II,IST)

650 CONTINUE

SUMA = 2.*SUMA2 + COS(FI*PSI1)*SHFLOD(I1,1) +

& COSCFI*PSIN)Y*SHELODCIT,NSTN)

SUMB = 2.%SUMB2 + SIN(FI*PSI1)*SHFLOD(II,1) +
& SINCFI*PSIN)*SHFLODCIT,NSTN)

SUME = 2,%SUMC2 + COSCFI%PSI1)*HUBLOD(IT,1) +
& COSCFI*PSIN)*HUBLODC 1T, NSTN)

SUMD = 2.%SUMD2 + SINCFI¥PSI1)*HUBLOD(II,1) +
& SINCFI*PSIN)*HUBLOBC LT NSTN)

IFC 1 .EQ. 0) THEN
AC1,11) = 0.25 * FACTOR¥SUMA
B(1,11) = 0.25 * FACTOR*SUMB
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700
800

900

920

C(1,11) = 0,25 * FACTOR¥SUMC
D(l,11) = 0,25 * PACTOR*SUMD

ELSE

ACl,11) = 0,50 * FACTOR¥SUMA
B(1,11) = 0,50 * FACTOR%SUMB
CCL,11) = 0,50 * PACYORWSUMC
DCI,11) = 0,50 * FACTOR*SUMD

BNDIF
CONTINUE
CONTINUE

WRITEC10,4300)

WRITEC10,") ‘Harmonies of Rotor Shaft Loads!

WRITE(10,4400)
DO 900 1 = 0,5

WRITE(10,4500) LABEL3(1),(AC1,11), 11=1,6)
WRITE(10,4500) LABEL4CI),(B(1,11), 11=1,6)

CONTINUE

WRITE(10,4300)

( LABEL2(d), J=1,6)

WRITEC10,*) 'Harmonics of Hub loads in Fixed Coordinates’

WRITEC10,4400)
po 920 1 20,5

WRITE(10,4500) LABEL3(I), ¢ C(1,I1), Il=1,6)
WRITE(10,4500) LABEL4CIY, ¢ DCL,11), 11=1,6)

CONTINUE
RETURN
END

( LABELS(Jd), d=1,6)

SUBROUTINE SHAFT3(IPS,IPR,NSTN)

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

CHARACTER * 50
CHARACTER * 15
CHARACTER * 10

" CHARACTER * 12

CHARACTER * 12
CHARACTER * 10

'C3 INCLUDE\CONST2, INC’
C3 INCLUDE\TURBN. INC/

C: INCLUDE\RESLTS. INC/
€3 INCLUDE\SHFLOD. INC/
C3 INCLUDE\BLADER. INC!

SHEOUT
LABEL1
LABEL2(6)
LAREL3(0:5)
LABEL4(0:5)
LABEL5(6)

INTEGER 1PS(360)

INTEGER IPR
INTEGER NSTN
REAL A(0:10,6)
REAL B(0:10,6)
REAL C(0:10,6)
REAL ©(0:10,6)

REAL FACTOR
REAL FI

D-128



SAVE LABEL1
SAVE LABEL2
SAVE LABEL3
SAVE LABEL4
SAVE LABELS

DATA LABEL1
& / 'Azimuth Angle’/

DATA LABEL2
&/ 'FXp!,'Fyr!,
& ezt tMXr!, IMyr! M2t/
DATA LABEL3
& / 'cos(0*PS!)!, 'cos(PS!1)/,
& '00s(2.%PSI1)!,/cos(3.*PSI)!,
& 'cos(4.*PS1Y!, 'cos(5.%PS1)//
DATA LABEL4
& / 'sin(0.*PS1)/, /sin(PSI)!, 'sin(2.%PS1)/,
& sin(3.%PSI)!, 1sin(4. *PS1) !, 'sin(5.%PSI) 1/
DATA LABELS
& / 'Fxh!, 'Fyh!, 'Fzh!,
& ‘Mxh!, 'Myh’,'Mzh!/
4000 FORMAT (/, 1X, A, 6¢ 1X, AN
4200 FORMAT (/, 2X, F11.2, 6(1X, F11.2))
4300 FORMAT (//)
4400 FORMAT (/, 17X, 6(1X, A))
4500 FORMAT (/, 1X, A, 6(1X, F11.2))

SBETAD = SINCBETAOD)
CBETAD = COS(BETAO)

PSI1 = 0.
PSIN = 360.%.017453293

FACTOR = FLOAT(IPR)/180.

PRINT *, ¢ !

PRINT %, ¢ !

PRINT *, /Read in name of shaft loads output file’

READ *, SHFOUT
OPENC 10, FILE = SHFOUT, STATUS = (UNKNOWN')

NSTN1 = NSTN - 1
DO 360 1ST = 1,NSTN1
F(1,1,18T) = RESLTS(CIST,1,5)*CTHP + RESLTS(IST,1,6)*STHP

. F(2,1,18T) = RESLTSCIST,1,6)*CBETAONCTHP + RESLTSCIST,1,4)%SBETAQ
& - RESLTS(IST,1,5)*CBETAO*STHP

F¢3,1,18T) = RESLTS(IST,1,5)*SBETAUYSTHP ~ RESLTS(IST,1,6)*SBETAD
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& *CTHP + RESLTS(IST,1,4)*CBETAD
F(4,1,1ST) = RESLTSCIST,1,7)*CTKP + RESLTS(IST,1,8)*STHP

F(5,1,IST) = RESLTS(IST,1,8)*CBETAO*CTHP + RESLTS(IST,1,9)*SBETAO
& ~RESLTS(IST,1,7)*CBETAO*STHP

F(6,1,1ST) = RESLTS(IST,1,7)*SBETAO*STHP - RESLTS(IST,1,8)*SBETAC
& *CTHP + RESLTS(IST,1,9)*CBETAO

360 CONTINUE
PO370 1 = 1,6
FCI,1,NSTNY = F(1,1,1)
370 CONTINUE

NST1 = INT(NSTN1/3. + .0001)
NST2 = INT(2.*NSTN1/3. + .0001)
bo 390 1ST = 1, NSTN!

IST2 = IST + NST2
IST3 = IST + NSTY

IFC ISY3 .GE. NSTN) THEN
IST3 = IST - NST2

ENDIF

IFC 1ST2 .GE. MSTN) THEN
1872 = IST - NST1

ENDIF

DO 3851 =1,6

F(1,2,1812) = F(i,1,1ST)
F(1,3,1873) = F(1,1,IST)

385 CONTINUE
390 CONTINUE

DO 400 1 = 1,6

FCI,2,NSTN) = F(1,2,1)
FCI,3,NSTHY = F(1,3,1)

400 CONTINUE

FACTR = .86603

DO 500 IST = 1,NSTN
PSI = IPSCIST) * 017453253

SHFLOD(1,IST) = F(1,1,1ST) - 0.5%(F(1,2,IST)+F(1,3,1ST))
& + FACTR*(F(3,2,1ST)-F(3,3,18T))
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SHFLOD(2,IST) = F(2,1,IST) + F(2,2,1ST) + F(2,3,IST)

SHFLOD(3,1ST) = F(3,1,1ST) - 0.5%(F(3,2,1ST)+F(3,3,1ST))
& - FACTR*(F(1,2,1ST)-F(1,3,1ST))

SHFLOD(&,IST) = F(4,1,1ST) = 0.5%(F(4,2,1ST)+F(4,3,18T))
& + FACTR*(F(6,2,1ST)-F(6,3,1ST))-HUBRAD*F(2,1,1ST)
& + 0.5%HUBRAD*(F(2,3,1ST)+F(2,2,IST))

SHFLOD(5,IST) = F(5,1,IST) + F(5,2,IST) + F(5,3,1ST)
& + HUBRAD*CF(1,1,IST)+F(1,2, IST)+F(1,3,1ST))

SHFLOD(6,IST) = F(6,1,IST) - 0.5%(F(6,2,1ST)+F(6,3,18T))
& - FACTR*(F(4,2,18T)~F(4,3,1ST))
& + FACTR*HUBRAD*(F(2,2,18T)-F(2,3,1S8T))

HUBLOD(1,IST) = SHFLOD(1,1ST)*COS(PSI) + SHFLOD(3,1ST)
& * SIN(PSI)

HUBLOD(2,IST) = SHFLOD(Z,IST)

HUBLOD(3,IST) = SHFLOD(3, IST)*COS(PSI) - SHFLOD(1,IST)
& * SINCPSI)

HUBLOD(4,IST) = SHFLOD(4, IST)*COS(PSI) + SHFLOD(S,IST)
& % SINCPSI)

HUBLOD(S, IST) = SHFLOD(S5,1ST)

HUBLOD(6,1ST) = SHFLOD(6,IST) * COS(PSI) - SHFLOD(4,IST)
& * SINCPSI)

500 CONTINUE
WRITEC10,*) ‘Low-Speed Shaft Loads in Rotor céordinates'
"WRITEC10,4000) LABEL1, ( LABEL2(J), J=1,6)
DO 420 IST = 1, NSTN
WRITE(10,4200) IPSCIST), (SHFLOD(J,IST), J=1,6)
420 CONTINUE
WRITE(10,4300)
WRITEC10,%) ‘Hub loads in fixed frame hub coordinates’
WRITEC10,4000) LABEL1, ( LABEL5(J), J=1,6)
DO 430 IST = 1, NSTN
WRITE(10,4200) IPSCIST), (HUBLOD(J,IST), J=1,6)

430 CONTINUE

C Compute harmonics of rotor shaft loads: Fourier Series axpansion.
C Also compute harmonics of fixed frame hub loads, in hub coordinates.

DO 800 Il = 1,6

DO 700 1 =0,5
suMA2 = 0.
SUMB2 = 0.

M
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il “\

ol

650

700
800

900

SUMC2 = 0,
suMpz = 0.

FI = FLOAT(I)

DO 650 IST = 2, NSTNI
PSI = IPSCIST) * .017453293
SUMA2 = SUMA2 + COS(FI*PSI)¥SHFLOD(II,1ST)
SUMB2 = SUMB2 + SIN(FI*PSI)¥SHFLOD(II,IST)
SUMC2 = SUMC2 + COSCFI*PSI)*HUBLOD(II,IST)
SUMD2 = SUMD2 + SIN(FI*PS1)HUBLOD(11,1ST)

CONTINUE

SUMA = 2,%SUMA2 + COS(FI*PSI1)*SHFLOD(I1,1) +
COSCFI*PSINY*SHFLOD(11,NSTN)

SUMB = 2,%SUMB2 + SINCFI*PSI1)*SHFLOO(I!,1) +
SINCFI*PSINI*SHFLODCIL,NSTN)

SUMC = 2.*SUMC2 + COS(FI*PSI1)*HUBLOD(11,1) +
COSCFI*PSINY*HUBLOD(IL ,NSTN)

SUMD = 2,%SUMD2 + SINCFI*PSI1)*HUBLOD(I1,1) +
SINCFI*PSIN)*HUBLOD(IT,NSTN)

IFC 1 .EQ. 0) THEN
ACI,11) = 0.25 * FACTORYSUMA
B(I,11) = 0.25 * FACTOR¥SUMB
CC(1,11) = 0.25 * FACTOR¥SUMC
D(1,11) = 0.25 * FACTOR¥SUMD

ELSE
AC1,11) = 0.50 * FACTOR¥SUMA
B(I,11) = 0.50 * FACTOR*SUMB
C(1,II) = 0.50 * FACTOR*SUMC
D(I,I1) = 0.50 * FACTOR*SUMD

ENDIF
CONT INUE
CONTINUE

WRITE(10,4300)

WRITE(C10,*) ’'Harmonics of Rotor Shaft Loads’
WRITEC10,4400) ( LABEL2(J), J=1,6)
D0 900 1 = 0,5
WRITE(10,4500) LABEL3(1),(ACI,I1), 11=1,6)
WRITEC10,4500) LABELG(D),(BCI,I1), 11=1,6)
CONTINUE

WRITE(10,4300)

WRITEC10,*) ‘Harmonics of Hub loads in Fixed Coordinates’
WRITE(10,4400) ( LABELS(J), J=1,6)
b0 920 I = 0,5
WRITE(10,4500) LABEL3(1), ¢ C(I,11), 11=1,6)
WRITE(10,4500) LABEL4(1), ¢ DCI,II), I1=1,6)

920 CONTINUE

RETURN
END
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Appendix E

Modules 1 and 2 Flowcharts
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