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ABSTRACT 

This report describes a project intended to incorporate the effects of 
atmospheric turbulence into the structural .response of Darrieus rotor, 
vertical axis wind turbines. The basis of the technique is the 
generation of a suitable time series of wind velocities, which are 
passed through 	a double multiple streamtube aerodynamic representation 
of the rotor. The aerodynamic loads are decomposed into components of 
the real eigenvectors of the rotor and subsequently into full-power 
and cross-spectral densities. These modal spectra are submitted as 
input to a modified NASTRAN random load analysis and the power spectra 
of selected responses are obtained. This procedure appears to be 
successful. Results at zero turbulence agree with alternative 
solutions, and when turbulence is included, the predicted stress 
spectra for the Indal 6400 rotor are in good agreement with field 
data. The model predicts that the effect of turbulence on harmonic 

• 	 frequency peaks and on all lead-lag bending will not be great. 
However, it appears that only 11% turbulence intensity can almost 
double the rms of cyclic flatwise blade bending.
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------------1 • INTRODUCT ION 

The harnessing of wind energy has challenged man's 

ingenuity for thousands of years, whether it ~as for 

sai I ing ships, irrigation, or the grinding of wheat. The 

industrial revolution saw a decline in wind power use but 

now, with the recognition of the limitations and environ

mental effects of conventional power, wind power is 

regarded as one of the sources of energy with the great

est untapped potential. 

Some of this potential has been realized in recent 

years, principally in California because of adv;;lntageous 

wind regimes, power pricing, and investment climate. 

However, as well as demonstrating the potential 9f wind 

turbines, the developments in California have also 

demonstrated some of the structural inadequacies of many 

designs. Most of the structural fai lures, on both 

horizontal axis (propeller) wind turbines (HAWTs) and on 

vertical axis wind turbines (VAWTs), have been due to 

high cycle fatigue. This has prompted a reassessment of 

the structural and aerodynamic behavior of both types of 

machines. 

The deterministic cyclic loads in HAWTs originate 

from the effects of gravi ty, tower shadow, and from 

vertical wind shear. The stochastic loads are due to 

atmospheric turbulence and these effects have recently 

been shown to be dominant in the generation of fatigue 

damaging stress cycles (1,2). 

Vertical axis rotors, such as the Darrieus rotor, 

differ from HAWTs in that their response is fundamentally 
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cyclic due to the aerodynamic principles on which they 

operate. However, these machines also operate in turbu

lent environments, and these stochastic effects must be 

considered before a full understanding of their behavior 

is reached. 

1.2 Previous Work 

The earliest investigation of the structural dynam

ics of Darrieus rotors (3) concentrated on the prediction 

of the natural frequencies and modes of the operating 

rotor. It became apparent that it was necessary to 

include not only the effects of stress stiffening due 

to centrifugal forces but also the other effects of the 

rotating frame, namely the softening and the Coriolis 

coupling. The latter influence is strongly felt due to 

the flexibi I ity of the VAWT blades and results in the 

natural mode shapes being complex (in-plane and out-of

plane motion is coupled with a 90 0 phase difference). 

The NASTRAN-based procedure developed at Sandia National 

Laboratories (4) has been verified by experimental data 

from several rotors. 

Other approaches to the calculation of the natural 

frequencies have been developed. The proprietary program 

GAROS, developed in West Germany, accommodates full 

rotating frame effects and has been used by Shawinigan 

Engineering. At Hydro Quebec's research institute the 

use of NASTRAN has been extended to internally generate 

the necessary additional matrices and to generate entire 

"fan plots" with an internal iteration (5). 

The aerodynamic modelling of VAWT rotors has matured 

. from a single stream tube model (6) to double multiple 
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stream tube models (DMST) with corrections for "secon

dary" effects (7) and vortex theory models (8). The 

principal objective of these models has been to predict, 

with increasing accuracy, the performance and energy 

output of the rotor. AI I of the models have assumed a 

steady flow. 

The response of a Darrieus rotor to a steady flow 

must be cyclic at frequencies that are multiples of the 

rotational frequency. This response has been investigat

ed by combining one of several aerodynamic models (usual

ly a DMST model) with a NASTRAN-based direct frequency 

response with modifications simi lar to those used in the 

eigenvalue extraction technique (9,10,11). The results 

obtained using this method have been variable but encour

aging. Agreement between measured and predicted standard 

deviations of stresses at key locations has been good, 

although the trend has been to under-predict stresses at 

low wind speeds and to over-predict at high winds. 

Examination of the response at multiples of the rotation

al speed has suggested that the one/revolution loading 

has been underpredicted while the three/revolution 

loading and response has been over-predicted (especially 

in high wind conditions)(12). The reasons for this may 

be either errors in the structural modelling whereby the 

dynamic amplification has been misrepresented or the 

aerodynamic loading is in error. 

It has also been noticed (12) that at some locations 

(noticeably the inner and outer faces of the blades) 

there is considerable response at frequencies that are 
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not harmonics of the rotational speed. This response is 

probably due to random excitations resulting from the 

turbulence inherent in any real airflow. 

Several studies have examined the turbulent flow 

typically seen by a wind turbine (13,14,15,16) and there 

are avai lable mathematical models for the power spectral 

density at any point and for the coherence between any 

two points (13). This information was used recently at 

Sandia National Laboratories to model the turbulent loads 

seen by a Darrieus rotor (17). This work reviewed the 

turbulent nature of the airstream in three dimensions and 

the ways in which the power spectral densities may be 

converted to time series. A simpl ified two dimensional 

flow with complete coherence in the transverse direction 

was combined with a double multiple stream tube model to 

generate spectra of blade loading at the mid-rotor. The 

results of this investigation are significant, for they 

demonstrate that the load spectrum contains more high 

frequency content than is impl ied by the spectral density 

of the airstream. It also shows that, especially in high 

winds, the loadings at harmonics of the rotational speed 

are reduced (noticeably at 3/rev. and higher fre

quencies), whereas the total variance of the loading 

spectrum may not be changed. This behavior agrees 

closely with the trends in the responses observed experi

me n t a I I Y (1 1) • 

The same modelling of turbulent flow has recently 

been used to predict the structural response of horizon

tal axis wind turbines (HAWTs) (18). This model was able 

to successfully predict a 4/rev. response that had 

plagued the MOD-2 wind turbine. 
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It appears, therefore, to be important to include a 

stochastic component of the streamflow if the blade loads 

under high winds and the total fatigue damage accumula

tion are to be estimated with accuracy. This importance 

is likely to increase with the size of the rotor [the 

results of Veers (17) referred to a 17-m diameter VAWTl 

since the rotational speed becomes lower and the low 

frequency components of the turbulent spectrum can 

contribute more significantly to the response spectrum. 

In addition, the transverse coherence within the wider 

stream tube is I ikely to deteriorate and may demand a 

more sophisticated stochastic model. 

The main objective of this project was to develop 

and test a procedure for the incorporation of turbulent 

flow into the structural analysis of VAWT rotors that can 

be ~~~llY_~~~_~~~~~~l~~llY_l~~l~~~~!~~~ The primary 
methods of achieving this goal are 

1. 	 To model the turbulent flow in multiple paral lei 

stream tubes by using linear interpolation between 

the vectors associated with a smaller number of 

points in a spatial array. 

2. 	 To decompose the aerodynamic loads into components of 

a limited number of generalized vectors corresponding 

to the natural modes of vibration of the stationary 

rotor. 

3. 	 To develop this model using FORTRAN 77 on a 

microcomputer so that the program can be fully 

transportable .. 
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q. To modify an appropriate NASTRAN solution to accept 

spectral loadings as modal components. 

5. 	 To compare predicted results with field data obtained 

from the Indal 6qOO VAWT at SeE's Devers Test Site. 

The first objectiv~ aims at solving the problem of 

generating correlated time series for a large number of 

stream tubes. Application of the DMST model to a typical 

Darrieus rotor would result in approximately 16 x 30 = 
QSO stream tubes and a matrix of corresponding spectra of 

size QSO x QSO; this would be computationally very 

expensive and beyond the capacity of most micro- or 

mini-computers. 

The purpose of the second item is also to minimize a 

computational problem. As explained in Section 2.1, it 

is necessary to input the loading as power and.cross 

spectral densities at al I frequencies in the range of 

interest. Each of the physical loads, of which there may 

be 200 or more, is statistically partially independent of 

the other and requires a separate loading case. The 

total number of spectra that would have to be generated 

as input would be 200 x 200; there must be an easier 

method. 

1.Q Statement of Work 

The statement of work included in the contract 

document is reproduced below. 

A. 	 General: 

Establish a procedure for the structural analysis of 

Vertical Axis Wind Turbines that: 
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1. 	 Includes the effects of wind turbulence. 

2. 	 Minimizes the user input required for the structural 

dynamic analysis program. 

3. 	 Can readi Iy incorporate different stochastic wind and 

aerodynamic load models. 

4. 	 Is suitable for use both for structural dynamics 

research and design engineering. 

B. 	 Specific: 

1. 	 Develop a computer code to generate 

NASTRAN-compatible frequency-domain aerodynamic loads 

in the stationary-rotor natural-mode coordinate 

system. This code wi II utilize a double-multiple 

stream tube aerodynamic model including the effects 

of the three-dimensional stochastic wind, wind shear, 

Reynolds number, dynamic stall, and cent ra I column 

load i ng. It wi II be specific to one rotor geometry 

with a single blade cross-section profile and wi II 

consider only the first 20 natural mode shapes. 

However, the code should be written in a modular 

manner to faci I itate later incorporation of other 

aerodynamic and stochastic wind models. Paul Veers 

of SNL wi I I furnish information and listings of the 

Fortran programs that he has developed to generate 

stochastic wind loads. 

2. 	 Generate the auto- and cross-spectral density 

distributions of the aerodynamic loads on the various 

modes. Investigate the effect of neglecting the 

cross spectra and the higher frequency contributions 

in turbine response calculations. 
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3. Develop the DMAP (Direct 

Procedure) coding for NASTRAN 

the input of load spectra 

coordinate system. 

Matrix 

solution 

in the 

Abstraction 

71 to accept 

natural-mode 
... 

4. Use NASTRAN to determine the turbine frequency 

responses with and without the load cross-spectral 

contributions. Include the differential stiffening 

matrix (NASTRAN 64 solution) and the rotating frame 

effects (program FEVD results) in these calculations. 

5. Compare the frequency response from this 

formulation against the response that results 

physical degree-of-freedom formulation. 

modal 

from a 

6. Compare the code-predicted mean and vibratory stress 

levels and frequency content with data acquired from 

a 500-kW (or larger) turbine. 

7 . Modify, as necessary, the code developed in B-1, 

above, to enable the user to readi Iy replace the 

stochastic wind and aerodynamic load model wi th 

others of his choice. Enhance the code to a II ow the 

user to specify the stochastic wind parameters, rotor 

geometries, and machine-dependent options in the 

format simi lar to that currently used in the FEVD and 

FFEVD programs. 

8. Document the program and furnish the program listing, 

the program coding on magnetic tape, and a full 

report of the work performed. 
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2. THEORETICAL DEVELOPMENT 

The properties of a random process, or one that 

contains random elements, can only be described in 

statistical terms. These properties may be described in 

either the time or the frequency domains. The detai Is of 

these descriptions may be found in many texts on the 

subject; for structures under the influence of 

stochastic loads detai Is may be found in Clough and 

Penzen (19) and in Newlands (20). A short summary 

relevant to the present work is given below. 

I f the cross spectral dens i ty (csd) of loads at 

locations, or degrees of freedom, a and b i s thenSpab 
the power spectral dens i ty (psd) of the response SIJ~ at 

location i is given by 

n n 

Svi(f) = E E Ria Rib* Spab(f), {2.1} 
a=l b=l 

where H;,a. is the frequency response function between 

degrees of freedom and a, H,b* is the complex conjugate 

of H~b' and n is the total number of degrees of freedom 

involved. 

If the loads are statistically independent then 

Spap=O for atb and Eq. (2.1) becomes 

n 
Svi (f) = E IRia 12 Spaa (f) . (2. 2) 

a=l 

1-9 




Equation (2.2) shows that statistical independence does 

not reduce the number of response functions required. 

For a Darrieus rotor, the aerodynamic loads differ 

continuously along the blades (and column, if also 

included) and the roughly 200 physical degrees of freedom 

cannot easi Iy be grouped together to form a smaller 

number of statistically independent vectors. The large 

number of calculations involved in the procedure outlined 

above may be significantly reduced if, instead of physi

cal degrees of freedom, natural modes are used as coordi

nates. 

The equations of motion of a linearly elastic 

structure defined by physical coordinates, X, under a 

vector of forces, F(t), and in the absence of any damp

ing, can be written 

Mx + Kx = F(t), ( 2. 3) 

where M i s the mass matrix, and K i s the stiffness 

matrix. The solution to the homogeneous equation 

[F(t)=O] has the form 

X = 4>. exp ( i Wj t) 
I 

( 2 • II)
J 

where Wj is the j th e igenva Iue and <l>j is the correspond

ing eigenvector or natural mode shape. These natural 

modes may be shown to be orthogonal with respect to the 

matrices M and K so that when the equations are recast 

into modal coordinates, V, by the transformation 

X =4>V I ( 2 .5) 
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the equations become uncoupled. The motions described by 
the modal coordinates are, therefore, mechani ca Ily 

independent. 

A vector of loads, F, may also be transformed into 

modal components, P, in a manner simi lar to Eq (2.5) 

above; 

(2. 6) 

The vector, P, is commonly dominated by a few terms 

associated with the lower natural frequencies so that, as 

well as transforming the problem into uncoupled equa

tions, a relatively few such equations need be consid

ered. 

The same transformation may be used to convert the 

spectral density of stochastic loads, Spob, into its 

modal equivalent, Sp~n' The spectral density S~r' of the 

modal response may then be written in a manner similar to 

Eq. (2. 1) • 

N N 
Svr(f) = E E Hrn* Spmn(f), (2.7)Hrm 

m=l n=l 

which, due to the lack of coupling between natural modes, 

reduces to 

(2.8) 

which is a considerable reduction in complexity and scale 

from Eqs. (2.1) or (2.2). 
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The modal formulation of the stochastic response of 

the Darrieus rotor cannot, however, make ful I use of this 

simpl icity. The reason for this is that when the equa

tions of motion of the operating rotor are written in the 

rotating frame they become (4) 

Mx + Bx + (K - Q2R)x = F(t), ( 2 • 9 ) 

where ~ is the rotational velocity, R is a symmetric 

softening matrix, and B is a skew symmetric Coriolis 

matrix. The eigenvalues of the homogeneous equation are 

again purely imaginary (indicating a conservative system) 

but the eigenvectors are complex. Such natural modes are 

no longer orthogonal and the equations of motion ex

pressed in these coordinates are not uncoupled. 

Some of the advantages of a modal formulation are, 

therefore, lost but the number of equations that must be 

solved simultaneously may sti I I be drastically reduced. 

When the power spectral density of the response is 

expressed in terms of these coordinates, it is given by 

Eq. (2.7) but cannot be reduced to the form of Eq. (2.8) 

due to the presence of off-diagonal terms in the matrix 

H. For many structures and loads, however, the matrix 

Spmn is almost diagonal; that is, the modal components of 

the loading are statistically independent, so that Eq. 

(1.7) becomes 

Svr. (f) = (2.10) 

which impl ies a reduction in the number of terms in the 

response calculation but stil I demands that all diagonal 

terms of the frequency response matrix, H, be determined. 
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The unsteady or turbulent content in a flow of air 

may be described by its (power) spectral density (psd) 

which indicates the contribution to the total variance 

made at each frequency interval (20). Empirical expres

sions for the psd are avai lable, such as those in Frost 

et al (13); 

= C1v h [£n (10/Z o + 1) £n (h/Z o + 1)] -1 (2.11)S (f) 

1 + c2thf £n (10/Z o + 1)/V £n (h/Z o + 1)] 5/3 

where f = frequency, h = height above ground, V = mean 

windspeed at H = 10 m, Zo = surface roughness coeffi 

cient, and C1 and C2 are constants for the longitudinal, 

lateral or vertical directions. 

In order to be applied to a double multiple stream 

tube model the psd must be converted to a time series 

description, which may be carried out by using the 

inverse Fourier transform, F-1 , (17); 

n 
Vet) = V+ p-1 ~ (A. + iB.), (2.12) 

j=l J J 

where A~ = 1 S. M sin¢.,
J J J"2 

B~ - 1 S. M cos ¢. ,
J J J"2 

and where ¢. is a uniformly distributed random variable 
J 

between 0 and 2'TT'. 
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Each point and direction within the total stream 

tube affecting a wind turbine rotor may be described by 

simi lar equations. However, unless the motions are 

completely independent, they are related by a complex 

cross spectral density (csd) and the properly 

correlated time series may be represented by 

{vet)} = F-l {[H][X]} {I} (2.13) 

where H*H = 5, 5 = the matrix of spectral densities, and 

X = a diagonal matrix of "white noise" (17). 

The mathematics of this solution may be simplified 

(17) assuming the csd to be real numbers given by 

ISijl2 = Y~j Sii Sjj' 

where ¥~ is a coherence coefficient which, for locations 

separated by a distance Ar, may be written as in Frost et 

al (13). 

2 
exp (-a f[l.r !V) , (2.14)Yij = 

where a = a decay coefficient (7.5 is common for both 

lateral and vertical distributions), f = frequency, and V 
= mean velocity. For a rotor such as that of the 17-m 

DOE VAWT, t may be greater than 0.5 for frequencies of 

0.2 Hz or less. The one-dimensional flow with perfect 

transverse coherence may, in this case, be justifiable. 

However, as the rotor size grows, Y wi II decrease. For 

the OAF Inda I 6400 wi th max imum Ar = 30 m, the corre

sponding Y value is only 0.22. 
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------------------3.0 SOLUTION PROCEDURE 

The entire solution is done in five parts. 

(1) Generation of NASTRAN Bulk Data. 

(2) NASTRAN Solution 64. 

(3) NASTRAN Solution 03. 

(4) FORTRAN program TRESM. 

(5) NASTRAN Solution 30. 

The relationship of these parts is illustrated in 

Figure 3.1 and each step is described in the following 

sections. 

All NASTRAN analysis was carried out on Version 63A 

using a Cyber 176 machine. The DMAP Alters and other 

details may be version and machine dependent. 

3.2 NASTRAN Bulk Data 

The NASTRAN Bulk Data describes the finite element 

model appropriate for the rotor structure. It follows 

the many rules and requirements set out in the NASTRAN 

Users Manual. It may be generated by hand or automati

cally using Indal Technologies' (proprietary) program 

ROTGEN or Sand i a Na tiona I Labora tor i es program DMG 

The FORTRAN Program ROTGEN was used to generate the 
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SOLUTION PROCEDURE 


NASTRAN bulk data 

NASTRAN solution 64 
-

differential stifffness matrix 

NASTRAN solution 03 
rea 1 eigenvectors extracted 

FORTRAN program TRES 
s£ectra of modal loads 

NASTRAN solution 30 
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Procedure· 



, 


sample bulk data included as Appendix B.q, (see Volume 2 

of this report) which includes some of the special feat

ures for inclusion of the rotating frame effects. 

The analysis is done with reference to the rotating 

frame of the rotor. This requires the fol lowing modifi

cations to the appropriate matrices (10): 

(1) Differential stiffening due to centrifugal action, 

(2) Softening of the stiffness matrix due to whirling, 

(3) Addition of Coriolis terms to the damping matrix. 

The differential stiffening is determined by carry

ing out two iterations in a solution 6q. The DMAP used 

(see 0.1) subtracts the initial stiffness matrix from the 

final stiffness matrix and stores the result in file 

INPl • 

Both the softening and Coriol is terms may be input 

through DMIG cards, which can be prepared by a FORTRAN 

program in a manner developed at Sandia National Labora

tories (10). Alternatively, if a lumped mass formulation 

is used, then both softening and Coriol is terms may be 

generated using DMAP alters. This has been adopted in 

the present procedure. 

The differential stiffening and stiffness softening 

are included as K2GG terms, which means that they are 

incorporated before the real eigenvalues are extracted. 

This impl ies that the eigenvectors used are not those of 

the stationary rotor but rather of the operating rotor 

without Coriolis coupl ing terms. 
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The DMAP AI ters requi re input of two 6 x 6 matrices, 

SYM and SKEW, through DMIG cards used in the bulk data. 

Some dummy K2GG and B2PP terms are also input through 

DMIG cards. 

The job control cards (for NOS 1 CDC Cybernet), 

executive control and case control cards for a NASTRAN 

Solution 6q are included as Appendix 01 in Volume 2 of 

this report. This generates the differential stiffening 

matrix as fi Ie INP1. 

The job control, executive control, and case control 

cards for a Solution 03 are included as Appendix 0.2 in 

Volume 2. This solution generates the real eigenvectors 

for the first 22 modes of the rotor, including the 

differential stiffening and the stiffness softening 

effects. 

The vectors are directed through "punched" output 

onto a file named TRVECT. This file may be transferred 

to a micro-computer or other machine on which the program 

TRESM is run. 

All of the cards needed to run this modal frequency 

response solution are included as Appendix 0.3 of Volume 

2 of this report. That I isting includes the DMAP Alters 

for inclusion of the rotating frame effects and also the 

modifications required to allow the input of spectral 

terms as modal rather than physical loads. 
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Additional features of this DMAP Alter are I ines to 

allow selected modes to be excluded from the solution, 

the output displacements in terms of the modal coordi

nates, and the writing of the frequency response output 

to a special fi Ie named OTP49. If the frequency response 

information is not required, then its (expensive) output 

may be completely avoided. 

More detai Is of these DMAP features are to be found 

in the report by Control Data Canada included as Appendix 

E in Volume 2 of this report. 
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4.0 NUMERICAL RESULTS 


This section is divided into two parts: the testing 

and val idation of the program and procedure that was 

carried out on a rough model of the SNL 17-m "low cost" 

rotor, and results obtained from the model ling of the 

Indal 6400 VAWT, which was located at Southern California 

Edison's Devers test site and for which experimental data 

were avai lable. 

Attempts to validate the program TRES and the 

NASTRAN procedure were made in two ways. 

(1) 	 The 17-m rotor was loaded at its mid-rotor nodes 

only. Physical coordinate loads were appl ied using 

both a "normal" double multiple stream tube model 

(uniform flow) and using the program TRES with a 

spectral density formulation (with turbulence equal 

to zero). 

(2) 	 The ful I 17-m rotor was loaded first by the normal 

DMST model and then with the program TRESM using 

the spectral formulation of the modal loads (with 

zero turbulence). 

The results of these comparisons are given in the 

fol lowing sections. 

The bulk data for the 17-m model are included as 
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Appendix B.1. The detai Is of the input used in the DMST 

model are 

Mean windspeed (mid-rotor) = 40 mph 

Air density = 0.0766 IblftS 

Intervals per revolution = 16 

T+Ror speed = 52 rpm 

Some of the results of applying the aerodynamic 

load at the mid-rotor node only are given in Table 4.1. 

This table compares some of the bending moments obtained 

by using uniform flow [)\lIST model "FBLADE2" with those 

obtained using TRES with zero turbulence. The FBLADE2 

loads were used in two NASTRAN solutions: solution 26 

uses a direct frequency response method whereas solution 

30 carries out the frequency response using a selected 

number of real eigenvectors. 

The two FBLADE2 solutions compare well except at 

the 5P frequency. The reason for this is that the model 

is very close to a resonant condition at 5P, and very 

slight alterations in the solution procedure can result 

in large response changes. This would not occur in 

practice. 

For these runs the program TRES was modified to 

output loads in physical coordinates, of which there were 

only four in this case (two at each mid-rotor node). The 

input was in terms of the continuous one-sided power 

spectrum, which is related to the corresponding frequency 

ampl i tudes by 

amplitude = ~2*(power spectrum)* Af , 
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-----------------------------------------------------------------------------------

TABLE 4.1 ~~e!!£~!!~~_~!_~!~-Ro!~~_~~~~~_Q~!Y-!~_l~~~~~!~~ 


-----------------------------OynamTc-Tnput vTa--------PhysTcaT-[oad-SpectraT-Tnput
FBLADE2 Amplitudes via TRES 

Solution 30 (20 Modes) 

Output Quantity Freq. Solution 26 Solution 30 Continuous 
20 Modes Power Spectral Equivalent 

_________________________________________________________Q~~~!!r_______~~!itude ___ 

OP 0 0 4.79E5 322 
Element #3 1P 20,900 19,800 8.769E8 19,495 
(mid column) 2P 16 13 0 0 

M2 at end A 3P 32,300 38,300 3.325E9 37,961 
4P 2 1 3.290E3 37 
5P 6,180 2,748 2.096E7 3,013,..... 

I 
N Element #101 OP 235 209 2.378E5 227N 

(blade root) 	 1P 4,751 4,212 4.147E7 4,238 
M1 at end A 	 2P 2,427 2,202 1.096E7 2,179 

3P 2,669 2,306 1.262E7 2,336 
4P 2,024 1 ,946 7.639E6 1 ,816 
5P 12 ,9.00 7,037 8.485E7 6,062 

Element #101 OP 13,100 13,100 8.298E8 13,450 
(blade root) 1P 5,819 5.911 7.738E7 5,788 

M2 at end A 2P 14,900 14,400 5.090E8 14,850 
3P 33,500 34,5()0 2.717E9 34,320 
4P 699 740 1. 172E6 712 
5P 17,500 13,661 3.333E8 12,020 

Uni ts: inches, Ibsf 



where A f :::: the frequency i nterva I. Note that the factor 

of 2.0 is absent at OP frequency. 

Comparison of the second and fourth columns of Table 

q.1 indicates acceptably close agreement between the two 

aerodynamic models. 

The modal formulation within TRES and the DMAP 

modifications made to the NASTRAN solution were tested by 

comparison with the "normal" solution, using FBL4.DE2 for 

uniform windspeed. The results of this comparison are 

shown in Table Q.2 and were obtained under the following 

conditions: 

Rotor speed :::: 52 rpm 

Mean mid-rotor windspeed :::: QO mph 

Air density :::: 0.0766 Ib/ft3 

Vertical wind shear exponent :::: 0.16 

Intervals per revolution :::: 16 

The remarks of Section Q.1.1 apply again to the 

solutions 26 and 30 based on FBL4.DE2. Comparison between 

the two 20-mode solutions confirm that the modal formula

tion with TRES and the DMAP Alters are val id. 

Comparison of the last two columns confirms that the 

additional DMAP modification to allow suppression of a 

selected number of modes is also valid. 
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-----------------------------------------------------------------------------------

-----------------------------------------------------------------------------------

TABLE q.2 ~ell~~!l~~_~!_~~ll_~l~~~_~~~~~_!~_~~~~_~~!~~ 

-----------------------------~ynamTc-Ynput-vTa--------ModaT-Spectra-ynput-vTa------

FBLADE2 Amplitudes 	 TRESM, Solution 30, 
Equivalent Amplitudes 

Output Quantity Freq. Solution 26 	 Solution 30 20 of 20 15 of 20 
20 Modes Modes Modes 

Element #3 OP 0 0 0 0 
(mid column) lP 155,900 151,800 150,300 1q9,000 
M2 at end A 2P 197 17ij 2,q98 2,523 

3P 159,800 168,000 16q,300 165,900 
qp 1ij 10 1 ,281 1 ,318 
5P qq,700 27,200 27,qq3 30,509 

...... 
I Element #101 OP 565 5q9 	 qq9 q02..,.'" (blade root) 	 lP q,025 Q,176 Q,522 Q,80Q 

M1 at end A 	 2P Q,139 Q,357 Q,769 Q,599 
3P 6,273 6,833 7,5QQ 7,500 
Qp 11,001 10,900 10,757 9,897 
5P 37,169 20,500 18,800 19,500 

Element #101 OP 98,800 98,700 100,QOO 100,QOO 
(b I ade root) 1P 52,300 53,200 52,QOO 50,000 
M2 at end A 2P 118,600 115,800 119,000 118,900 

3P 93,300 96,500 93,300 96,200 
Qp Q,693 3,9Q9 3,502 3,952 
5P 68,700 50,500 Q6,700 38,000 

Units: inches, Ibsf 



In order to confirm the simulation of the turbulent 

windspeed time series, a number of tests were carried 

out. 

(1) 	 Regeneration of the frequency power spectrum from 

the time series. 

(2) 	 Calculation of the rms by integration of the fre

quency spectrum. 

(3) 	 Calculation of the rms of several of the time 

series. 

These calculations were carried out on a 2 x 2 

spatial array of points used for the 17-m rotor. 

4.2 Indal 6400 

The program TRES was appl ied to a mathematical model 

of the Indal 6400 Darrieus rotor prototype that was 

operated at Southern Cal ifornia Edison's test site near 

Palm Springs and for which the structural and experimen

tal data were readi Iy avai lable. The outl ine of the 

finite element model is shown in Figure 4.1 and the 

NASTRAN bulk data file is included as Appendix B.4. 

Both the model and field data refer to the initial 

configuration of this machine; that is, the out-of-plane 

motion of the struts relative to the central column was 

restrained by springs (of stiffness 3,000 Ib/in.) and the 

central length of each blade contained additional ballast 

equivalent to 10 Ib/ft. 
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The length of the time series vectors, the number of 

spatial array points and the resolution within the 

frequency spectra were limited by the micro-computer used 

(an IBM PC AT with 512 K bytes of memory). This limita

tion may have introduced some errors into the results but 

is unlikely to have affected the major conclusions. 

The following variable values were used throughout 

the analysis of the Indal 6400: 

Rotor height = 1,440 in. = 36.6 m 

Rotor diameter = 991 in. = 25.2 m 

Mid-rotor height = 900 in. = 22.9 m 

Mid-rotor windspeed = 45 mph = 20.1 ml s 

Rotor speed = 45 rpm 

Air density = 0.0728 Ibl ft3 = 1. 17 kg 1m! 

Wind shear exponent = 0.16 

Time series, delta T = 0.120 s 

# of vertical divisions in spatial array = 3 

# of lateral divisions in spatial array = 3 

# of rotor revolutions = 16 

# of divisions per revolution = 16 

Decay coefficient for csd = 7.5 

# of eigenvectors used = 22 

# of eigenvectors in solution = 20 

# of ensemble values = 18 

Dynamic stall included YES 

Column loading included YES 

Length of windspeed time series = 256 

Length of load ing time seri es = 256 

A NASTRAN so lut i on 64 was carri ed out to generate 

the differential stiffness matrix. This was included in 

1-27 



the subsequent solution 03 together with the softening 

due to whirl ing. The resulting natural modes are those 

of the operating rotor except for the addition of 

Coriol is terms. These real modes and natural frequencies 

are illustrated in Appendix F.1. 

The complex eigenvectors and natural frequencies of 

the operating rotor were extracted using NASTRAN solution 

26 and these are shown in Appendix F.2. 

The program TRES decomposes the physical aerodynamic 

loads into components of the real modes illustrated in 

Appendix F.1. The following notation is used hereafter 

to describe the modal shapes: 

P prope I I er 

B but ter fly 

T tower 

FS symmetric flatwise 

FA asymmetric flatwise 

The load levels associated with the first 22 real 

modes are summarized in Table q.q, which lists the modes 

in the order of the total variance of the power spectral 

dens i ty. The table also indicates the percentage of the 

total variance that is due to contributions at fre

quencies other than the harmonics of the rotor speed 

(i .e. the stochastic component) when the ambient flow 

contained 20% turbulence. 
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-------------------------------------------------

----- ----- -------------- -----------

------

TABLE 4.4 ORDER OF TOTAL VARIANCE OF MODAL LOADS 


ORDER MODE If: 

1 3 


2 8 


3 


4 22 


5 19 


6 15 


7 4 


8 2 


9 6 


10 5 


1 1 18 


12 1 3 


13 10 


14 17 


15 20 


16 9 


17 14 


18 7 


19 12 


20 16 


21 1 1 


22 21 


~AT.:.._~~~g.:.. 

1. 87 


4.04 

.39 


10.38 

8.43 

6.44 

2.55 

1 .32 


2. 87 


2. 82 


7. 61 


5.51 

5.06 

7.41 

9 .61 


5.04 

6.25 

3.38 

5.43 

7. 28 


5.42 

9.96 

TYPE 

1T 

T 

lP 

3FA 

3FA 

FA 

lB 

1B 

1 FS 

lFA 

3FA 

2FA 

3P 

3FS 

3FS 

2P 

3B 

2B 

2FS 

3FS 

2B 

4B 

TOTAL 


Indal 6400 (SCE1) , V = 45 mph, turbo 

1 - 29· 

TOTAL VARIANCE % STOCHASTIC 

26.E6 1 . 8 


19.E6 2 . 1 


5.7E6 4.5 

1 .9 E6 5.7 

1 .6E6 7.5 

1 .2 E6 6.8 


.99E6 14 


.91 E6 21 


.81E6 80 


.73E6 90 


.46E6 12 


.39E6 14 


.32E6 13 


.21E6 24 


.19E6 81 


.16 E6 30 


.14E6 23 


.13 E6 39 


.11 E6 39 


.10 E6 27 


.06E6 


.04E6 


61 . 1 E6 


= 20% 



Table q.q shows that there are significant loads 

associated with some of the higher frequency modal 

shapes. For example, modes 22 and 19 are respectively 

qth and 5th in the order of total variance. It also 

appears that over 80% of the total load variance,is, 
associated with the first three modes; however it is 

likely that these modes are not responsible for the 

lead-lag and flatwise blade response, which are critical 

in determining fatigue life. 

Three sets of analyses were carried out to investi 

gate the effects of differing degrees of turbulence 

intensity. This intensity was measured by the coeffi 

cient of variation (standard deviation divided by mean 

velocity) of the ambient longitudinal flow. Ful I detai Is 

of the various parameters are listed below. 

# 1 #2 #3 
_____________________________________k~~______~~~l~~______~lg~ 

Turbulence spectrum coefficients 

Long i tud i na I C1 2.0 12 .3 qO 

Long i t ud i na I C2 80 192 300 

Lateral C1 1 . 0 11.0 12.3 

Lateral C2 70 70 70 

Surface roughness, m o • 1 o • 1 o . 1 

at mid-rotor 

Rms longitudinal turbulence, mph q.B 9.2 111 . 3 

Rms lateral turbulence, mph 3.6 7. 1 12 .5 

Intensity, longitudinal turbulence 0.11 0.20 0.32 

Intensity, lateral turbulence O.OB 0.16 o.28 
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The effect of these varying degrees of turbulence 

was determined by examination of the lead-lag and 

flatwise bending at the blade just above the lower strut. 

This location was selected because field data for that 

location were available and because it was the location 

of the highest blade stresses. 

For these three analyses, the level of structural 

damping was 2% of critical and each mode was associated 

with an additional 1% of critical damping. 

The predicted power spectral density (psd) of the 

lead-lag and flatwise bending moments are shown in 

Figures 4.2 and 4.3 respectively. Although continuous 

I ines are used (for clarity) on these graphs, the spectra 

are discrete at intervals of 0.0938 Hz (1/8th of the 

rotor frequency of 0.75 Hz), rather than continuous. 

Figures 4.4 and 4.5 show the predicted longitudinal 

stress levels at the leading edge and inner face (on the 

principal axes) respectively. 

The fol lowing observations may be drawn from these 

four figures. 

- The 1P, 2P and 3P peaks are affected very I ittle by 

turbulence. 

- Excitation of the two fundamental natural fre

quencies, most noticeable in lead-lag behaviour, is 

closely dependent on turbulence. 

- There is pronounced flatwise response between 3P and 

4P due, no doubt, to the presence in that range of 

the two fundamental flatwise natural frequencies. 
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- The increase in rms of cyclic stresses at the leading 

edge due to 32% turbulence is 26%. 

The rms of cycl ic inner face stress is very sensitive 

to turbulence, the maximum increase being 320%. Even 

11% turbulence causes an 89% increase. 

The degree of aerodynamic damping associated with 

each of the real modes IS very important. A recent 

report from Sandia National Laboratories (21) on the 

aeroelastlc effects on VAWT dynamics indicated that in 

sti I I air there could be up to 20% damping associated 

with the first pair ot tlatwise natural modes and about 

10% on the second pair ot tlatwise modes. 

It should be noted that the modes referred to in 

Lobitz and Ashwill (21) are complex modes (due to 

Coriolis coupl ing) and their designation refers to their 

(real) shape at 0 rpm. In Figures 4.2 and 4.3, however, 

the natural modes are described by both of the coupled 

components. The first of the two descriptions indicates 

the dominant component. 

In order to simulate the findings of Lobitz and 

Ashwi I I (21) the fol lowing levels of modal damping were 

imposed on the set of (real) modes: 

2.82 Hz FA 15% 

2. 88 FS 15% 

5.43 2FS 10% 

5.51 2FA 10% 
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The results of imposing this degree of modal damping 

at the "medium" level of turbulence are shown in Figure 

4.6, which gives the amplitude spectrum of inner face 

stress. This figure confirms that the flatwise response 

between 3P and 4P is largely due to response to these 

flatwise modes and indicates that the response is almost 

entirely removed by the level of damping selected. 

From the field data avai lable, typical records were 

selected, which showed the stress amplitude spectra at 

the leading edge and inner face of the blade above the 

lower strut under 45 mph winds. These records are shown 

in Figures 4.7 and 4.8 alongside the corresponding 

predictions redrawn to a simi lar scale. 

The agreement of the values of the harmonic peaks is 

not exact, and this has been discussed elsewhere (12); 

what is of importance is the comparison of the response 

between the harmonic frequencies. The major stochastic 

response is the flatwise response between 3P and 4P where 

the model shows good agreement with the field data. In 

addition the response at the first two fundamental 

natural frequencies recorded in the field is simi lar to 

the modal predictions with 11% turbulence intensity. 

The overa II rms values at the leading edge are 

predicted accurately but are somewhat over-predicted at 

the inner face. However, the latter is very sensitive to 

the level of turbulence (see Figure 4.5) . 
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One objective of this project was to generate a 

model and a procedure that would be economical to use. 

This implies limiting the computing resources required. 

The FORTRAN program TRES was run on an IBM PC AT 

with 512 K bytes of RAM memory. The capacity of this 

machine I imited the size of arrays and vectors, and a 

mini computer or more powerful micro-computer should be 

used in the future. In addition, the speed of the 

machine should enable it to compute at least 50 ensemble 

values during an overnight run. 

Whi Ie the running of a FORTRAN program on a mini 

computer is not usually expensive nowadays, the access to 

and cost of NASTRAN can be more of a deterrent. The cost 

of a NASTRAN solution 30 using 22 modes and 40 frequency 

values in the spectrum for the Indal 6400 was approxi

mately 1000 "standard bi II ing units" on the Cybernet 

system of CDC. At overnight rates, this translated into 

approximately $250 CON ($190 US). Although this cost is 

three times that of a deterministic frequency response at 

five or six frequencies only, it is sti II not an undue 

burden. 

Additional costs are involved in the transmission 

and storage of fi les and in interactive processing. The 

processing of output data into graphical form can be 

costly but it is now more possible to carry this out on a 

small resident machine. In this project the NASTRAN 

output fi les were transmitted through a 1200 baud modem 

to a desk top computer where they were edited and pro

cessed by an inexpensive plotting software package. 



-------------------------------5 . CONCLUS IONS AND RECOM'v'IENDAT IONS 

5.1 Numerical Results 

The computer model, which is based on the prepara

tion of auto- and cross-spectral densities of a set of 

real modal loads, has been shown to give results that are 

in good agreement with field data from the Indal 6400. 

These results are 

- 1P, 2P and 3P peaks are affected only sl ightly by 

turbulence; 

Lead-lag (out-of-plane) action is not highly sensi

tive to turbulence; 

Flatwise (in-plane) action is very sensitive to 

turbulence; addition of 11% turbulence wi II almost 

double the rms of cyclic response; 

- The considerable flatwise response observed between 

3P and 4P frequencies is correctly predicted by the 

model using 1% critical damping on all modes; 

The flatwise response between 3P and 4P is entirely 

eliminated by applying 15% damping to the fundamental 

pair of flatwise modes and 10% to the second funda

mental pair. 

5.2 Load Formulation 

The preparation of the aerodynamic loads into (real) 

modal form revealed the following: 
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It was necessary to consider the first 22 real modes 

in the loading formulation; 

- In the NASTRAN solution it was found necessary to 

include all but two of these modes to obtain good 

agreement with other benchmarks. 

Over 80% of the total variance of the loading is 

associated with the first three modes (one propeller 

and two tower modes); 

- Modal loads corresponding to third order flatwise 

bending modes are in the top five contributors to the 

total variance; 

- It is not clear which modal loads can be omitted and 

which modes in the solution can be omitted without 

unacceptable error; 

- The inclusion of aerodynamic drag on the central 

column has been included with very little additional 

effort; these terms do have an appreciable effect on 

the magnitude and ordering of some of the model 

loads; 

- In order to avoid very lengthy NASTRAN input fi les, 

it is necessary to omit all cross-spectral density 

tables that do not contribute appreciably to the 

loading; 

- The use of only 18 values in the ensemble averaging 

may have resulted in some error, especially in high 

turbulence; however, the extension to 50 ensemble 

values was observed to reduce the total variance due 

to turbulence by 10% only; 
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The omission of cross-spectral loading terms at 

frequencies between the harmonics was considered; 

however this omission was found to affect the re

sponse at those frequencies substantially. 

- The generation of wind time series by linear interpo

lation between neighboring spatial array points was 

abandoned. It was found that for turbulence in which 

correlation was low, I inear interpolation tended to 

lower the rms of the resulting time series below that 

of the neighboring points. The technique was re

placed by the procedure of selecting the time series 

associated with the closest spatial array point. 

5.3 Recommendations 

This project has been largely successful in reaching 

its goals. However, during its execution a number of 

aspects have come to light. 

- The extent of damping associated with flatwise blade 

bending is critical. The approximately 15% inferred 

in Lobitz and Ashwi II (21) appears too high. The 

aeroelastic behavior in operating conditions should 

be studied further. 

- The minimum number of modes used in the load formula

tion and in the solution is not certain. It would be 

of use to decompose the aerodynamic loads into the 

complex modes of the operating rotor and also to 

study the modal response operators and the extent of 

intermodal coupling. 
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- The length of time and frequency vectors used were 

kept to a minimum. Greater accuracy would be ob

tained by increasing these lengths. 

- The effect of different turbulence spectra has not 

been studied. The spectrum by Frost et al. (13) may 

not be the most suitable for many sites. 

- The double multiple stream tube model used in the 

aerodynamic routines assumes that the airflow, with 

its accompanying turbulence, passes through the rotor 

in an essentially unchanged manner. This assumption 

may be adequate to predict overall performance, but 

is unlikely to predict accurate stochastic loads. An 

alternative aerodynamic model should be considered. 

- It has been assumed that dynamic stall is present in 

both uniform and turbulent conditions and on the 

downwind as well as the upwind blade. These assump

tions should be questioned and their effect on the 

output spectra examined. 

- The use of I inear interpolation between time series 

from neighboring spatial points appears unacceptable 

in a coarse mesh of points. It should be replaced by 

another procedure that does not reduce the rms of the 

resulting time series. 
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7. PROGRAM DESCRIPTION & DOCUMENTATION 
-------~~--------------------------

The program is made up of one main routine and 

twenty-six subroutines, al I of which fall into one of 

three groups: reading of input data, computation, and 

generation of· output. This grouping and the cal ling 

relationship between routines is illustrated in Figure 

7 • 1 • 

The fol lowing section (7.2) lists the variable names 

associated with the several common blocks used and gives 

the meaning(s) of each variable. 

Section 7.3 gives detai Is of each subroutine: a 

description of its purpose, a flow chart of its logic, 

and a. list of the important variables. 

General Purpose: 	 basic dimensions and integer va~iables 

for program 

Name Dimensions ~~~~~~~ 

HT in height of rotor (between blade 

intersections) . 

DIA in max. diameter of rotor (assumed at 

mid-rotor). 

HMR in height at mid-rotor. 
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Name Dimensions 

NHT no. of vertical divisions in spatial 

wind array. 


NOlA no. of lateral divisions in spatial 


wind array. 

NZH 	 no. of elements in each blade. 
NT 	 no. of intervals per rotor revolution. 
NREV 	 no. of revolutions of rotor. 
NEIG no. of eigenvectors used in load 

formulation. 

NLOOP no. of loops used to generate ensemble 

of load spectra. 
NPMAX maximum per-rev frequency in output 

spectra. 
NDIV no. of divisions between per-rev 

frequencies in output spectra. 

Must be a power of 2. 

NVECT no. of eigenvectors to be used in 

NASTRAN modal solution. 

NCOL no. of elements in model of column. 

7.2.2 Common Block: ROTOR 

General Purpose: 	 blade and column coordinates, location 

and densities of blade types 

Name Dimensions 

R( i ) 	 in radial coordinate of blade node #i. 

Z ( i ) in vertical coordinate of blade node 

#i. 

RPM rpm rotor speed. 

CH( i ) in chord dimension of airfoil #i. 
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Name Dimensions 

FHT( i ) in height from mid-rotor for start of 

airfoil #i. 

NFOIL no. of different airfoi Is used. 

INDEX( i) vector of NA5TRAN node numbers of 

blade nodes. 

DAMP(i) modal critical damping coefficients 

associated with eigenvector #i. 

INDEXC( i) vector of NA5TRAN node numbers of 

column nodes. 

ZCOL(i) in height of column nodes. 

DCOL(i) in diameter of column at node #i. 

7.2.3 Common Block: WND 

General Purpose: parameters of wind flow and turbulence 

Name Dimensions 

VBAR mph mean windspeed at mid-rotor height 

W5E exponent describing vertical wind 

shea r. 

C1X coefficients Cl and C2 for use in 

C2X formula of turbulence spectrum 

C1Y used by Frost & Turner. X refers 

C2Y to longitudinal; Y refers to lateral 

directions'. F & T formula uses 

5.1. units. 

Zo m roughness height. Used in F & T 

formula. 

DECAY coefficient used in formula describ

ing cross-spectra between points in 

spatial wind array. 
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----------Name Dimensions ~~~~.!..~9. 

OELT sec time interval used to describe wind-

speed time histories. 

NTRAN no. of time intervals in vectors of 

turbulent wi nd. 

VBARZ mph mean windspeed at current he ight. 

ARHO Ibl ft! air density. 

7.2.4 Common Block: EIGEN 

General Purpose: 	 variables related to eigenvectors and 

generalized loads 

Name Dimensions 


EIGV in displacement at node i in direction 


(i,j,k) of eigenvector k. 


GLOAD( i , j} component i of general ized load j .. 


Initially time domain; fol lowing 

FFT, frequency domain. 

EVALUE( i) Hz eigenvalue associated with eigen

vector i. 

IGLOAD( i) re-ordered sequence of GLOAD vectors 

according to total variance. 
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----------

--------------------

7.2.5 Common BLock: AIRFOIL 
------~---------------

General Purpose: 	 variables related to requLred airfoil· 

data 

Name Dimensions 

DSET(i,i,k) 	 k = airJoi I. type it, L = pairs of CI 

& Cd coefficients, i = angle of 

attack (alpha), i·= 1 col.umn g,ives 
alpha values. 

DSETl ( i , i) 	 Temporary storage of,CL& Cd values. 
,- _1: 

RE ( i , j) Value of Reynolds number #i for 

airfoil #j. 

AS(i,i) Value of alpha .at staLl for Reynolds 

number #i and foil #j. 

CDMIN(i, i) Cdmin value for Reynolds number #i 

a nd air f 0 i I # j . 

NRE(i) no. of Reynold numbers for airfoi I 

#1. 

TC( i) thickness to chord ratio for air 

fo i I # i . 

ANG(i) temporary storage of alpha values. 

7.2.6 Common Block: SPECT 

General Purpose: 	 spectra of turbulent wind and dynamic 

loading 

Name 

S(i,j) (m/s)2/Hz 	 ith component of turbulent spectrum 

for spatial array location j; long

itudinal or lateral velocity. 
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Name Dimensions 

TRH.( i , j , k) 

vrUBE ( i , j ) m / s 

An array used for general storage of 

( 1) 	 t rans fer rna t r ix, H, for rna t r i x S. 

(2) 	 time series of turbulent wind-

speeds for longitudinal (k=1) 

and lateral (k=2) motion. 

(!) 	power and cross spectral den

sities of modal loads; i = 

length, j = ,column no., k = 

real/imaginary parts. 

Turbulent time series at current 

rotorstreamtube; longitudinal 

(j=1) and lateral (j=2). 

7.2.7 Common Block: AERO 

General Purpose: variables related to J)\I\ST model 

Name Dimensions 

VDEF 

THETA rad 

DTHETA rad 

DEL rad 

COSD 

OMEGA rad/s 

RR 

Fractional velocity deficit down

stream of current upwind actuator 

disc. 

Azimuth position of current stream

tube. 

Incremental azimuth angle for rotor 

streamtubes. 

Angle between normal to blade and 

mean f low. 

cos i ne (DEL) 

Rotor angular velocity. 

Radius/max. radius for current 

streamtube. 
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Name Dimensions 

DZ in. Vertical span of stream tube. 

ARHOG Ibm! in !g Air den~ity in absolute units. 

VRW Tip speed ratio of current stream 

tube. 

VIRW Tip speed ratio downstream of 

actuator disc. 

PI 3.1 q 159 

POWER kW Power generated by rotor. 

FNODE( i) Ibf Blade loading at current stream tube, 

direction i. 

VR in!s Relative wind velocity. 

REl Current Reynolds number. 

ASl degrees Current stal I angle. 

PHI rad Angle between wind flow and mean 

longitudinal direction. 

7.3.1 Routine TRESM 

This is the main routine and its purpose is to 

al low interactive input of the various input fi Ie names 

and to ca I I the re Ievant input, computa t i on, and output 

routines. 

The format of the OPEN statements is consistent 

wi th MS-FORTRAN' for use on an IBM PC. 

7.3.2 Subroutine READ1 

This subroutine reads data from the basic data 

fi Ie (unit #1), echoes these data and calculates the 
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length of the wind speed and rotor loading time series. 

The format of the data is explained in Section 7.~.1 and 

the meaning of the COMMON block variables is given in 

Section 7.2. 

Subroutine INPUT ) is used to pass over comnent 

cards within the data file. These cards are associated 

with a "$" sign in column one. 

Explanation of subroutine arguments: 

IDS 	 has value of 0 or 1 indicating that 

dynamic stal I is not or is included. 

ICL 	 has value of 0 or 1 indicating that 

(central) column load is not or is 

included. 

IPRINT 	 has names of 1 (output full cross 

spectral densities), 2 (zero cross 

spectra except at harmonic frequencies), 

or 3 (output cross spectra at harmonics 

only). 

7.3.3 Subroutine READ2 

This subroutine reads all relevant geometric data 

describing the rotor from unit #5, the NASTRAN bulk data 

deck. There is no echo of this data. 

The required data are the X-and Z-coordinates of 

the blade and column nodes together with the column 

diameter(s). The following format/limitations must be 

observed. 
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i) ~he nodes of blade #1 must have numbers lying on,or 

between 100 and 199. 

i i ) The nodes of blade #1 need not be in consecutive 
i ' 

order. 

iii) 	The height of the rotor is considered synonymous 

with the distance between upper anq lower blade 

intersection points. 

iv) 	 Column nodes must have numbers lying on or between 2 

and,99. 

v) The diameter of the column at each node level is 

located in field no. 10 of the NASTRAN GRID card and 

is given in FS format. 

vi) 	 The column diameter may be tapered. It is not 

nece$sary to supply al I dia~eter values since 

subroutine READ2 wi, I replace zero values by linear 

interpolation. Initial and final values must, 

, however, be given. 

7.3.4 Subroutine READAIR 
--~---------------

Subroutine READAIR selects the required airfoil 

data from unit #2 and stores it in a format suitable for 

later use in the aerodynamic model. The data on unit #2 

must be stored in the format that is specified in Section 

7.4.2. The following features should be noted: 

i) 	 Up to five different airfoi I types may be used. 

Their names are read (using AS format) in subroutine 

READ 1 and stored in TYPE( ). 
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I 1 . * airfoils 

I 
rI > 1 ..... lairfoil a previous airfoil) 

I I 
I 

rewind data f i lei use same data as 

+ 
for previous airfoil 

search data f i Ie 
for airfoil name 

I 
end of f i I e I read RE, AS, COMIN 

values 

. .. 
~ read A, CL, CO I 

Y( A <. 180o~ i store 
CD in 

A, CL, K first RE listingrl
OSET for this airfoil? 

H store NAI Istore A in ANG 
OSETlJstore CL, CD in 

IA ( 180 ; 

r-  - KK = 1 , NA 
I 
I 
I determine closest angler
I in in it i a I Re set 
I 
I  - - - I 

adjust CL, CD values 
to correspond to 
in it i a I angle set 

store adjusted CL, CDIvalues in OSET 
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i i) 	 Each airfoi I type may have CI and Cd coefficients 

I isted at five different Reynolds numbers. 

iii) 	At each Reynolds number for each airfoi I, there is 

an associated value of the static stal I angle, AS, 

and a zero angle of attack drag coefficient, CDMIN, 

which wi I I be added to al I Cd values. 

iv) 	 The angles of attack associated with one airfoi I at 

different Reynolds numbers need not be identical. 

The routine READAIR uses the angle of attack associ

ated with the lowest Reynolds number and adjusts 

subsequent coefficients by I inear interpolation. 

v) 	 The last angle of attack in any series must be 180 0 

(exact Iy). 

A schematic flow chart of the subroutine is shown in Figure 

7.2 . 

7.3.5 Subroutine READEIG 

This routine reads, from unit #3, the punched 

output from a NASTRAN real eigenvector analysis and 

extracts from it the eigenvalues and eigenvectors re

quired. The fol lowing restrictions apply: 

i) 	 The format of unit #3 must be as described in 

Section 7.4.3 and correspond to that used as punched 

output of the solution-set displacements generated 

by NASTRAN solution 3 or 63. 

i i) 	 The subroutine reads only those components associat

ed with nodes of the (two) blades or the central 

column. 
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iii) 	The numbering of the blade nodes must begin adjacent 

to the lower root and proceed in ascending order up 

to the upper node on blade #2. 

iv) The numbering of the column nodes must begin at the 

lower end and proceed in ascending order. These 

node numbers must al I be less than 100. 

v) 	 All other nodes should have numbers that are greater 

than 299. 

vi) 	 A maximum of 30 modes can be accommodated. 

vii) The maximum number of nodes in the blades and column 

is 80. 

AI I of the eigenvector components are stored in 

the three-dimensional array EIGV. The eigenvectors (in 

cycles per second) are stored in the vector EVALUE. 

7.3.6 Subroutine SMOOTH 

This routine controls the computational phase of 

the program. It calls subroutines that generate the time 

series of longitudinal and lateral turbulence, the double 

multiple stream tube aerodynamic routines and finally the 

modal decomposition routines. 

The meaning of some variable names used in SMOOTH 

is given below. 

IDS or 0: dynamic stal I yeslno 


ICL or 0: column loading yeslno 
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I 
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l 
I LOOP = 1 , NLOOP- - cycles for ensemble 

lin i t i ate RANOO'v'I I 

IXV = 1 , 2 
Iongi tudi na I, lateral direct ions 

SIJ 
generates turbulence spect ra 

DECQ'v1P 
decomposes matrix of spectra 

DFT- - forms times series of turbulence 

STUBE 
organizes passage of time series 

through rotor 

SPECTRA 
- - - generates power spectra 

of modal loadings 
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XSEED seed for random generator 

I LOOP current loop # for ensemb I e 

lOUT current loop for intermediate printout 

IXY 1 or 2: longitudinal/lateral directions 

A schematic flow chart of the subroutine is shown 

in Figure 7.3. 

7.3.7 Subroutine SIJ 

This routine generates the spectral densities for 

all of the spatial array points using the subroutine 

~~DEL. It also £enerates the cross spectra between al I 

points using a real collerence coefficient and formula 

suggested by Frost et al. and used by P. Veers (17). 

A schematic flow chart of the subroutine is given 

in Figure 7.Q and some irlternal variables are listed 

below: 

NN total number of points in spatial array 

NSP total number of auto- and cross-spectra 

DELHT vertical interval in spatial array (in) 

DELF frequency interval in spectral (Hz) 

H current height (in) 

V current mean wind speed (mph) 

RMS variance or rms of spectrum 

DIST distance between two current points (in.) 

DX lateral distance between two current points (in) 

DZ vertical distance between two current points (in) 

WORK working vector of current spectrum, (m/s) /Hz 
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I 

r 


atial arra 

ad'ust winds eed for wind shear 

s 

I
I generate spectrum, 
---store in 

If irs t_~.?_~~f---=-~~:~~_~~--:~._._.. ~_.~~:-. -,....__---=-__...JI___ 

generate spectrum of J 
turbulence at mid rotor 

write standard deviation 
and coeff. of variation 

r-- -  # of frequency values / 

calc. TRH row # 

I 

, - -
I 
1_- _ 
I 
I 
I 

vertical levels in spatial array 

lateral lines in spatial array 

calc. first location index 

s atial array 

lateral lines in spatial array 

I I 	 calc. second location index, 
distance between ointsI I 

I I 
i ! calc. (cross) spectral densityI...!_I_ (2-sided discrete), store in TRH 
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The spectra that comprise the symmetrix matrix 

describing the turbulence at the spatial locations and 

their correlations are stored in the columns of the array 

TRH. The numbering of these spectra for al location to 

the columns of TRH is shown in Figure 7.5. 

The elements of the spectra stored in TRH are 

assumed to be real. They are stored in every second row 

of the columns so that an imaginary part, generated in 

OFT, can be added later. 

7.3.8 Subroutine MODEL 

Subroutine MODEL supplies the formula for the 

turbulence spectrum. The present formula is that given 

by Frost (13) and defines the spectrum in 5.1. units as a 

function of frequency, f, (Hz) as 

~ h [In (10/Z + 1) In (h/Z + 1)J-1C1 0 oS(f) --"-- -------" --------------_.._--, 
1 + C2[hf In (10/Z + l)/V In (h/Z + 1)J5/30 o 

where V = mean windspeed (at 10 m), ZO = roughness 

length, H = current height, and C1 and C2 are parameters 

with the fol lowing recommended values: 

longitudinal turbulence C1 = 12.3 C2 = 192 

lateral turbulence C1 = q. 0 C2 = 70 

vertical turbulence C1 = 0.5 C2 = 8.0 

Arguments 

H current height (in) 

current windspeed (in/s) 

WORK current spectrum «m/s)2. 1Hz) 

IXV 1 or 2: longitudinai/lateral direction 

V 
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Internal Variables 

HM current height (m) 

\1M current windspeed (m/s) 

DELF frequency interval (Hz) 

Note that the value corresponding to zero frequency has 

been omitted and that WORK (1) corresponds to f = DELF*l. 

7.3.9 	 Subroutine DECOMP 

This routine decomposes the matrix, S, of (cross) 

spectra into a lower triangular transfer matrix, H, 

according to the relationship 

The elements of H are determined by the fo II owi ng recur

sive formulas: 

(8 )1/2=Hll 1 1 


=
H21 8 21 /H 11 


112 

]H22 = [8 22 - (H 21 ) 

2 


H31 = 8 31 /H 11 


=H32 	 (8 32 

[8 ..HU = 11 

= (8· 	.Hij 1J 

- H31H21)/H22 

i-I
I (H . . )2]1/2-

j=l 	 1J 

j-I 
- L (HikH·k)/H .. 

k=l J JJ 
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vertical 
1 evel # 

(NHT+l) 	 + . . . . . . .. + NN=(NHT+l)*(NDlA+l)+ + 

..3 + -+ -I-	 + 

2 + + ;. .. + 

1 + 	 ;. ....+ 	 + 
1 2 3 (NDIA+1) lateral 1ine # 

Numbering of Locations in Spatial Array 

1 2 	 3 NN IND2 = column # 

1 	 -. - - - - - -t 
"

2 	 Z 3 

"
3 	 5 6 

"
4 	 7 ~ 10 

" I 
"- I 

"NN 	 + - - - - - - - - - - +- NSP = NN*(NN+1)/2 

INDI 
= row # 

Numbering of Spectra in Matrix TRH 

Figure 7.5 	 Numbering Sy.stems., for Spatial Array Locations 
and Storage,'of Spectra 
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I
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calc. 

H i.j = (5 l.j - SUM) 'Hjj HCL = (SlL - SUM)I/2 

L_ 
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The elements of H are also stored in the array TRH and 

are stored in a manner simi lar to that illustrated in 

Figure 7.5. 

A schematic flow chart of the subroutine is shown 

in Figure 7.6. 

7.3.10 Subroutine DFT 

This routine adds a random phase to each of the 

spectra of the matrix H (stored in TRH) , performs an 

inverse Fourier transform of each spectrum and obtains 

the final time series by summing the rows of the trans

formed matrix. This procedure is used in Veers (17). 

A physical interpretation of the matrix, H, is 

that it acts as a transfer matrix between uncorrelated 

white noise and the matrix of partially correlated 

spectra,S, so that the time series is given by 

v ( t) = F-l [ ( H) ( X)] (I) 

where X is a diagonal matrix of white noise of unit 

variance, and (1) is a column of ones. It is therefore 

necessary to give a different random phase to each column 

of the H matrix and, fol lowing the Fourier transform, to 

sum the rows of the resulting matrix. 

The schematic flow chart of the subroutine i~ 

shown in Figure 7.7. 

The routine uses the fast Fourier transform 

subroutine FFT842, which is described in Section 7.3.12. 
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I 
,-  # of frequencies 

f--  # of columns of H 
I 
I generate a random phase
I 
I 
I 
------  # of rows of H 

I 
L____ _ calc. column # of TRH; 

apply random phase; 
store in TRH 

r-------- # of rows of H 

I 
# of columns of H1--

I 
i-  # of frequencies

I 
I 

transfer spectrum to working1 vectors; add com lex conjugate 

fast Fourier transform 

-1 put transformed vector back into !i'!!U 
I 


1--- --- # of frequencies 

i I 
1------ # of rows of H 

I I 

1- - - - - # of columns of H 

I I 


-
sum along row of H and store 

-- in first column of H 
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The vectors initially stored in TRH correspond to 

discrete two-sided spectra and it is therefore neces

sary to add a complex conjugate to make up the second 

half of the vector to obtain the correct real-time series. 

It should be noted that other Fourier transform 

routines may differ from FFT842 by a multiple of 2 or of 

N (the vector length) and should be checked before being 

substituted. 

Some variables used in OFT are listed below: 

WORK1, WORK2 real and imaginary parts of a working vector 

IN01 row number in matrix H 

IN02 column number in matrix H 

INOX column number in array TRH 

NN number of locations in spatial array 

7.3.12 Subroutine FFT842 

This fast Fourier transform routine was obtained 

from reference (22). It is a sophisticated algorithm 

that carries out radix 8 operations before any radix 4 or 

2 operations. 

A I isting of the subroutine is included and the 

arguments are explained below: 

IN = 0 for Fourier transform 

= 1 for inverse transform 

X real part of input and output vector 

Y imaginary part of input and output vector 

N size of vector 

2-23 



7.3.13 :;ubroutine STUBE 

This routine is responsible for accessing the 

aerodynamic model at suitable intervals as the rotor 

passes through the prescribed number of revolutions and 

as the pre-stored time series of windspeed passes through 

the rotor. It also allows calculations of the turbulent 

wind loading on the central column. 

Figure 7.8 shows a schematic flow chart of this 

routine, and Figure 7.9 indicates the organization of 

stream tubes and the passage of the velocity time series. 

The primary 00 LOOP examines the vertical location 

of the stream tubes corresponding to the finite element 

nodes of the NASTRAN model. It also allows selection of 

the airfoi I type and the mean wind speed (if vertical 

wind shear exists). 

The second 00 LOOP defines the lateral position of 

the stream tube, which depends on the number of intervals 

in one rotor revolution and the azimuthal position. It 

is then necessary to consider how the mean wind speed is 

affected as it passes through the upwind actuator disk; 

the accompanying turbulence is assumed to move with the 

mean wind speed. 

The next step is to generate a suitable time 

series for both longitudinal and lateral turbulence. 

This is accomplished by a call to subroutine VSERIES 

which is explained more fully in Section 7.3.17. 

The next 00 LOOP considers the passage through the 

specified stream tube of blade #1 and then blade #2 for 
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I 
linitialize or zero variablesl 

I 
# of nodes on blader---

I 
1 calculate vertical, radial increments, 

blade slope; select airfoil type; 
1 determine mean windspeed 

I I
1--- # lateral streamtubes 

I 1 

pass mean windspeed through upwind dis"C;j 
determine velocity deficit ~ 

I 

I 

generate longitudinal & lateral turbulent\ 
time series for current streamtubeI 

I I-<: # of rotor revolutions :>II- 
I 


calc. velocity series index, KV, and load 
series index, KL, for blade #1 u wind 

non-dimensionalize total incident wind, VRw;1 
calc. an Ie of approach, PHI _ 

loads (0\1ST) 
1 

I I 

1 : 

, I 
I I 
I I 

I decom ose into modal components (FMODAL)---- -----". ~~ - 

I I 
I -I repeat above q steps for blade #21 
I I 

blade upstream of column and ICOLI 
I 
i 
I 
I 
I 

I 
I 

(i) 

# of rotor revolut ions --1 

I 
# of intervalsfrev"------~~--~~~r-~ 

calc. velocity and load 
series indices; calc. 
incident velocity and 
angle 
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®+P 
I 
 I 

I 
 locate relevant column I 

-- # of rotor revolutions nodes
I 

I 


calc. rotor orientation I

\1 calc. velocity series, index, KV, 


and load series index, KL, for I 

bl ade #1 downwind ca Ic. co Iumn loads ___ --II 


(Ov'IODAL)I 

I 


non-dimenionalize total incidentI 
 wind, VRW; calc. angle of approach,
I 
 PHI 

I 

I 

I 
 calc. aerodynamic loads (DMST) I 

I 

I 

I 
 decompose into modal components 

( FMODAL)I 

I 

I 

I
- repeat above II steps for blade #2 

j 

1- ----- 
-~ 
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Initial position of 
blade #1, KL=1 

GAP 

Initial position of 
imaginary velocity 
seri es frontIT----- (KV=l), if V=Vd;, 

I I 
I I 

Figure 7.9 Arra{)gement.ofStreamtubes and Passage of 
Wind through Rotor 
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each of the required number of revolutions. For blade #1 

at the upwind actuator disk, the load series index that 

defines the position in the loading time series is given 

by 

21t e 
KL = (IREV - 1) + --,

de de 

where IREV = the current rotor revolution number. 

The identification of the wind speed time-series 

index is based on the concept of a wavefront which, in 

the absence of the rotor, would initially be a distance 

GAP downstream from the centre of the rotor. Figure 7.9 

illustrates this concept. This wavefront and the associ

ated series of turbulent velocities is considered to move 

downwind with the ambient mean wind speed, V. It is, 

therefore, possible to calculate which element of the 

time series is located at the upwind actuator disk at any 

specified time; the windspeed index KV for blade #1 is 

then given by 
-GAP + R sine + t Vz 

KV = 

!::,T
Vz 

where t = e/g 

and where A = rotor speed,AT = DELT = time interval for 

time series. For blade #2, the angle is increased by 

180°. 

A simi lar calculation is carried out for blades 

passing through the downstream actuator disk. However, 
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the actual mean velocity of the air within the rotor is 

less than the ambient mean and correction must be made 

for this period of lower velocity. For blade #1 passing 

through the downstream disk 

KV = GAP - R sinS + t - 2R sine (VZ!V 1 + 1)Vz 

~TVz 

where VI = mean wind speed within the rotor. 

At each actuator disk, the mean wind speed is 

combined with the longitudinal and lateral turbulence to 

produce a total incident wind speed and its angle of 

incidence". This information is passed through common 

block AERO to the subroutine DMST, which calculates the 

aerodynamic forces on the blade (see Section 7.3.14). 

The call to subroutine FMODAL transforms the 

aerodynamic loads in physical coordinates for the current 

stream tube, actuator disk and rotor revolution, into 

their contribution to the modal coordinate load time 

series (see Section 7.3.18). 

If the upstream actuator disk is immediately 

upwind of the central column, then the aerodynamic 

loading on that column is calculated (if ICL = 1). The 

current index of the load series, KL, and the index of 

the turbulent time series are calculated in a manner 

simi lar to that for the blades. Likewise, the combined 

magnitude and direction of the mean wind speed and 

turbulent components are calculated so that the magnitude 

and direction of the column load may be calculated. This 

drag-per-unit length of column in the X-and V-directions 

of the rotating frame is given by 
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mean windspeed = Vl 

+ turbulence) = Vc 

j.. 
~	current orientation 

of rotor...--~ 
1~t 

direction of aerodynamic 
loads on column DRAG 

Figure 7.10 Aerodynamic_Loading of Central Column 
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DRAG(X) = -Cd*diameter*V:*sin(~t++)*1/2.p 

• 2.
DRAG(Y) = -Cd*dlameter*Vc *cos(Rt++)*1/2~P 

where ~ is the current wind speed at the column, and. is 

the angle of incidence, as indicated in Figure 7.10. The 

value of the drag coefficient, Cd, is 1.0 at present. 

Once the nearest column node has been located, the 

physical loads are transformed into contributions to the 

modal load time series in subroutine CMODAL (see Section 

7.3.19). 

A I ist of some of the internal variables used in 

STUBE is given below. 

GAP initial position of imaginary wave front; it has 

been set = 1 rotor diameter 

NL total length of load time series 

DZ vertical width of current stream tube 

KK current airfoi I type number 

IN IT = 0 for first app I ica ti ono f DMST to stream tube 

= for subsequent appl ication of DMST to stream tube 

I TURB = 0 for no turbulence 

= for turbulence 

IREV current rotor revolution number 

KV current index of velocity time series 

KL current index of loading time series 

I I current vertical stream tube location 

JJ current lateral stream tube location 

7.3.14 Subroutine DMST 

Subroutine DMST calculates the aerodynamic forces 
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on the current blade and stream tube. It is based on the 

double multiple stream tube with dynamic stall, as prop

osed by Templin (6). The version included in this progr

am incorporates modifications to accept the direction 

changes resulting from lateral turbulence and modificati

ons to the dynamic stal I calculation. 

A schematic flow chart of the subroutine is shown 

in Figure 7.11 and a diagram of the flow through the 

rotor is included as Figure 7.12. It can be shown that 

the effective wind velocity relative to the (upwind) 

blade is 

V 2 = (RQ + V cos~)2 + (V sin~ coso}2, (1)R

where ~ = e + <1>, 

and where V = current wind velocity, += orientation of 

current wind velocity and &= inclination to the vertical 

of the blade. For the downwind blades (+CP) becomes (-+). 

The theory of the momentum balance at the actuator 

disk may be found in references such as Templin (6) where 

it is shown that the ambient windspeed, V~, the disk 

windspeed, V, and the downstream windspeed, ~, are 

related by 

Va> ( 2 ) 
V = 1 + CDD/ 4 , 

Vi = 
V 

1 - CDD/ 4 
(3) 
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r-----~w 	calc. relative windspeed,
QQD (nondimensional)I ~ 

calc. angle 
~ 

of attack,o<.l 

I 
calculate relativeINIT 0== /' 
windspeed, Reynolds 
No. , static s ta I I 

IDS == 0, or cJ..< So, or 

I 

angle 
or. >3 *AS 

1 
calc. rate of change 
of 0(, DADT I 

I 
calculate effective ~ USingl 
dynamic stal I (DYNSTLL) 

l 
obtain CI, Cd coeffs. from I 
lookup table (TAB) 

I 
adjust CI for dynamic sta I Ii 

I 
calc. di sc diag. coeff., CDDI 

ad..just "damping" and I 
~______________I~~?~ver~ence_cr i_ter i on 

velocity 

calc. 3 components of 
aerodynamic force 

print error message 
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" '"Figllre 7.12· Velocity Vectors at Actuator Disk 
t 
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where COD, the disk drag coefficient is defined as 

and the total drag is obtained from a resolution of the 

aerodynamic blade forces. 

These equations must be solved by an iterative 

process. In subroutine DMST, an initial value of V = 
0.9V is used and convergence is complete when Eq. (2) 

above is satisfied. A maximum of eight iterations is 

al lowed to achieve adequate convergence. 

For low ambient wind speeds, the numerical solu

tion can easily become unstable and hence a "damping 

factor", DMP, is introduced. This factor initially has 

the value of 0.75 but it is reduced if, in the course of 

the solution, COD> 4. 

Dynamic stall is a phenomenon that, due to un

steady effects, delays stal I beyond the static stal I 

angle when the angle of attack is increasing. In a 

similar manner the I ift coefficient can be depressed when 

the angle of attack is decreasing. References are given 

in Section 7.3.16. 

To predict the extent of dynamic stall, it is 

necessary to calculate the rate of change of the angle of 

attack, cloc/dt This may be accomplished by noting 

from Figure 7.12 that 

tan a = 	 V sin(e + m) coso 

RQ + V cas(e + ¢) 
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Differentiation of this expression is made more compl i

cated by the variable nature of V and 4> as well as e but 

leads finally to 

• RQ • RQ 
(Q + ~) [V- cos(a + ~) + 1] coso + V coso sin (a + ~) V2 

da = 
dt 

RQ ]2[ + cos (a +~) + [sin (a + ~) coso]2
V 

~ 

The values of V and 4> may be evaluated using a finite 

difference expression of the kind 

2 f:.T 

where Vk +1 and V~_I are the values of the velocity 

magnitude "upstream" and "downstream" of the current time 

series value. These values must be adjusted for the 

decrease between the velocity upstream of the disk and 

the disk velocity. 

Once doc/dt has been calculated, a call is made to 

subroutine DYNSTLL (see Section 7.3.16) which returns a 

"reference" angle of attack used in adjusting the final 

lift coefficient. The reference angle is the angle used 

by subroutine TAB to look up appropriate values of CI and 

Cd for the current airfoi I type and Reynolds number. 

List of Argument Variables 

ISIGN = 1 for upstream blade, = -1 for downstream 

blade 

II current vertical index for stream tube location 

JJ current lateral index for stream tube location 

KK index of current airfoi I type 

KV index of current velocity series value 

ITURB = 0 for no turbulence, = 1 for inclusion of 

turbulence 
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CL 

INIT 

IDS 

Partial List 

Il\1P 

CRIT 

IC 

BETA 

QQD 

ALPH 

VR 

CD 

COD 

VRW 
VDRW 

VIRW 

FNODE( 1) 

FNODE(2) 

FNODE(3) 

= 0 for first iteration, = 1 for subsequent 

iterations 

= 0 for no dynamic stal I, = 1 for inclusion 

of dynamic stal I 

of Internal Variables 

"damping" to assist convergence 

solution 

convergence criterion 

iteration count number 

= e + ~ (upstream blade), = e 
blade) 

(ratio of relative windspeed to 

**2 
angle of attack (radians) 

relative windspeed (in/s) 

lift coefficient 

drag coefficient 

disk drag coefficient 

of iterative 

IP (downstream 

disk windspeed) 

upstream windspeed (non dimensionalized) 

disk windspeed (non dimensionalized) 

downstream windspeed (non dimensionalized) 

X direction (in-plane horizontal) force on 

bl ade node 

Y direction (out-of-plane vertical) force on 

bl ade node 

Z direction (in-plane vertical) force on blade 

node 
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7.3.15 Subroutine TAB 

This subroutine accesses the appropriate stored 

airfoi I data and interpolates to obtain the correct lift 

and drag coefficients for the current angle of attack and 

for the current Reynolds number. A schematic flow chart 

is shown in Figure 7.13. 

For all but the first iteration at a particular 

streamtube, the program uses the previously calculated 

Reynolds number and set of possible CI and Cd values 

(DSETl). For initial iterations, the routine checks for 

Reynolds numbers outside of the tabulated range and, if 

necessary, al locates the highest or lowest Reynolds 

number that is tabulated. There is no extrapolation of 

tabulated values. 

The selection of I ift and drag coefficients for 

the current angle of attack is done by linear interpola

t ion. 

List of Arguments 


ALPHR current angle of attack 


CL lift coefficient (output) 


CD drag coefficient (output) 


COM current Cd (min) for zero angle of attack 


INIT = 0 for in it i a I iteration, = 1 for subsequent 

iterations 

KK index of a i rfo i I type 
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!lQ! initial iteration? I 

• 
only one Re listing for this 
airfoil? 

check for Re outside range of 
tabulated values 

interpolate between tabulated 
Re values 

define AS1, COM valuesl 

r--< * of 0( val ues 
I 
I 
1- - -r--- - - i n-e--o-S-E"-T-1J.,-A-N-G-"a--s-c-u-r-r-e-n-t--1de f
 

CI, Cd values 


locate closest tabulated I 
value 

define CI, Cd by interpolation'l 
Adjust for Cd(min). 

I 

I define ASt, COM I 

# of c:I... values -l 

I 
de fine OSETt & I 
ANG as current _~.J 
values 
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7.3.16 Subroutine DYNSTLL 

Subroutine DYNSTLL uses a Masse-Templin modifica

tion of the Gormont (23) dynamic stall model to adjust 

I ift coefficients for the varying nature of the angle of 

attack. 

The effect of dynamic stall and the method of 

calculating it are illustrated in Figure 7.14. The 

delay, 6a, of dynamic stall is given by 

6a = S . t (S - S . t) ,Y1 cr1 + Y2 cr1 . 

where 'I, and 'ia are determi ned exper imenta Ily, and 

S 
=J~~v ' 

R 
•where c = blade chord, a = rate of change of angle of 

attack and VR, = relative wind velocity. Scrit ' '(I and '1z 
vary with the thickness/chord ratio, tic, and the Mach 

number, M, according to 

= 0.06 + 1 . 5 (0.06 - tic)SC'it 


'It = 1 . 4 - 6.0 (0.06 - tic) for M~ M,
= 'IZIVIOlt 

'1z = 0 for M> Mit 

MI = o • 4 + 5.0 (0.06 tic) 

M2. = 0.9 + 2.5 (0.06 tic) 

VI = 'Ii, /2 

and t2 is given by I inear interpolation between M = M, 

and M = Me. 
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Figure 7.14 Typical Lift Coefficient vs. Angle of Attack 
and the Influence of Dynamic Stall 
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,
For tIc values used in Darrieus rotors it was 

found that S usually has negative values according to 

the above expression. This was considered unreal istic 

and S has, therefore, been put equal to zero in the 

program. 

The reference angle of attack is calculated from 

aref = a - k !1a, 

where has the value of +1.0 for increasing values of 

and -0.5 for decreasing values. The Masse-Templin 

modification considers that the Gormont treatment of 

dynamic stall is inapplicable to large angles of attack. 

The present routine assumes that dynamic stall is zero at 

angles of attack greater than 3.0 times the static stall 

angle. Between these two values the effect is decreased 

in a linear manner. 

List of Arguments 


DADT rate of change of ang I e of attack (radians/s) 


CH(KK) current chord value ( in) 


ALPH current angle of attack (radians) 


ALPHR reference angle of attack returned by DYNSTLL 


KK current airfoil type no. 


TC(KK) current air fo i I aspect ratio 


7.3.17 Subroutine VSERIES 

This routine selects the appropriate time series 

for longitudinal and lateral turbulence for the current 

stream tube from the avai lable spatial array of time 

series. The current version of the routine selects the 

2-112 



1 

Icalc. absolute height I 

bdentify adjacent spatial rOW. numbe r I. 
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r-- # of time steps 

I
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ze. time ser ies by Ii near 

, interpolat'i6h or select closest 

~, 


Figure 7.15. Schematic Flowchart of Subroutine VSERIES ----- -,------------------~--.-----------~------..-;.----~----------



time series of that spatial point that is closest to the 

particular stream tube. Alternatively, a process of 

I inear interpolation between the time series associated 

with the four neighboring points may be used; however, 

this process wi I I reduce the rms, especially if the 

turbulence is uncorrelated and a coarse spatjal array is 

used. 

The horizontal and vertical coordinates of the 

stream tube are used to identify the four neighboring 

spatial array points (see Figure 7.5) and their corre

sponding storage locations in the array TRH. The closest 

point is then selected. 

7.3.18 Subroutine AMODAL 

Thi~ routine is called each time that physical 

loads on blade #1 or 2 are determined. It decomposes the 

physical loads into contributions to the modal (general

ized) time-series vectors according to the relationship 

P ( t) = cpT p ( t) . 

List of Ar~ument~ 

I BLADE = 1 for blade #1, = 2 for blade 2 

I I blade node no. 


KL index for loading time series 


7.3.19 Subroutine CMODAL 
--------------~--

Subroutine CMODAL calculates the contributions to 

the modal (generalized) load vectors of the physical 
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loads on the central column. The load corresponds to the 

current stream tube (that passes through the central 

column) and is apportioned between the two neighboring 

column nodes. 

The same transformation relationship as given in 

7.3.18 is used in this routine. 

List of Arguments 

I I blade node number 

KV index for velocity time series 

KL index for load time series 

IC adjacent column node number 

PRESS dynamic air pressure 

THETAC angle describing current orientation of rotor 

PHIC angle to which turbulent airstream differs 

from longitudinal 

The loads in the in-plane and out-of-plane direc

tions are calculated from (see Figure 7.10): 

in-plane = DRAG sin (& + 4> ) 
out-of-plane = DRAG cos (9 +4». 

7.3.20 Subroutine SPECTRA 

This subroutine transforms the time series of 

generalized loads into the frequency ~omain and prepares 

them in spectral density form for later printing. A 

schematic flow chart is shown in Figure 7.16. 

The time series is purely real and of length NL. 

The resulting Fourier transforms are.stored in the same 
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I Fast Fourier decompositionl 
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I in GLOAD 

I first loop of ensemble >>-------~ 
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I -- 
I 
1-- -< # of cross spect rum 
I 
i--- II of terms in spectrum
I 
I 
I Icalculate real & imaginary parts 

of spectral density; adjust for zer9I 
I 
1_- ~ombine with previous ensemb.._le_value;1 

store in TRH 

NLOOP 

I -< II e i genvec tors> 

I I 
I- - -< II terms i.n vector> 
I 

1- - -I calc. variance of power spectrum 

re-order vectors in ascending total 
variance of power spectrum. Indices 
stored in IGLOAD 
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CD 


write IGLOAD , variance 

, 
I 
L write data for power spectra 

1-·
I 
1-
I 
L write dat~ for cross spectra 

store spectral densities 
(array TRH) on unit #B 
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vectors (GLOAD) with the real and imaginary parts of the 

first half (length NL/2) occupying alternating spaces. 

The terms of the spectral density matrix are 

formed according to 
*Sxy = y X, 

where X and Yare the Fourier transforms of the vectors x 

and y respectively, and * denotes a complex conjugate. 

In this manner, the upper triangle of the matrix S is 

formulated and is stored in the matrix TRH. 

The correlation coefficient of cross-spectral 

terms formed in this manner is always unity, and in order 

to obtain a statistically valid spectral density it is 

necessary either to average neighboring values or to 

average the values from an ensemble of spectra. The 

present program uses the second method so that the 

currently calculated spectral densities are added to the 

mean of the previous spectra. 

The remaining sections of subroutine SPECTRA are 

performed only fol lowing the last ensemble loop. First, 

the generalized coordinates are reordered according to 

the total variance of their associated power spectral 

densities. The new order is stored in the vector IGLOAD. 

This reordering al lows later deletion of those coordi

nates associated with the lowest loading spectra. 

The final sections are not necessary but organize 

output concerning the relative magnitude of the random 

and deterministic components. 
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J

I # revolut ions = # inter-harmonic d i vis i ons"' 

1-- # spectra 
I
1- # terms in final spectrum 
1 
1 
I 
I'-- -I combine neighbouring termsl 

< 

# of vectors requested < # of ~ectors >
in load formulation 

ca II subroutine 
HSUP 

I 

wr i te RLOAD1, DAREA and TABLEDl 
cards for dummy load 

Iwrite FREQl card for frequency responsel 

I 
write TABDMPl and continuation 
cards for modal damping 

cal I WRITE2 subroutine 
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List of Arguments and Important Parameters 

I LOOP counter of no. of ensemble loops 

lOUT counter for determining output of ensemble 

NL length of time series 

NSP number of spectral densities generated 

7.3.21 Subroutine---------- ...-._-_WRITE1 ..... _

This routine formulates some of the required 

NASTRAN input cards and cal Is other routines that prepare 

the remaining cards. A schematic flow chart is shown in 

Figure 7.17. 

If NDIV, the number of divisions to be used 

between harmonic frequencies in the NASTRAN solution is 

less than NREV, the number of existing intervals in the 

current spectra, then some condensation of each spectrum 

is required. This is done by combining an appropriate 

number of the neighboring discrete spectral terms into 

one term. The only term not affected is the initial 

(zero frequency) term. 

It should be noted that both NDIV and NREV must be 

powers of 2. 

If tile number of eigenvectors requested for the 

NASTRAN solution (NVECT) is less than the number of 

eigenvectors used in the load formulation (NEIG) then 

certain modes are suppressed by a cal I to subroutine HSUP 

(see Section 7.3.23). 
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I
Iprint "DEFINITION OF DISCRETE PSD"J 

1 

1----- # of selected modes 
I ~-----~I----~ 

I 
I 

write RANDPS card 
write TABRNDl card ( 1st line)I 

I 

place TRH column in work vector, 
reformat (routine FORMT) , 
print table 

J 

lcalc. variance of last 


selected modal loads 

I 

print "DEFINITIO~ OF CROSS .SPECTRALI 
DENSITIES" .J 

1---- # of selected modes ~ 
I I---< # of selected modes 

l 
change lower triangle components 
to upper triangle of 5ij 

!calc. total variance of spectrum/ 
I 
I 

!variance less than min. variance>-

prepare real components, first 
positive, then negative terms 

- I 
Iprint table using PRINT routinel 

I 
prepare imaginary components, 
first positive, then negative terms 

print table PRINT routine 
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7.3.22 Schematic WRITE2 


This subroutine prepares the power and cross


spectral densities in an appropriate NASTRAN format. A 

schematic flow chart for this routine is included as 

Figure 7.18. 

The spectra are prepared in the format required by 

the RANDPS and the TABRND1 cards. The former identifies 

the random-loading set number and the values of X and Y 

in the expression 

Sob (f) = (X + iY) G( f), 

and TABRND1 gives the look-up table for G(f). 

A power spectral density has only real positive 

values so that the value of Y is always zero. However, 

cross-spectral densities may in general be complex and of 

any phase, so that it is necessary to input the real and 

imaginary parts in separate tables. 

Although the NASTRAN manual does not mention it, 

the values listed in the table of TABRNDl must be posi

tive; any negative values wi I I be interpreted as zero. 

It is, therefore, necessary to separate both rea I and 

imaginary parts into positive and negative contributions 

and to input them in separate tables (associating an 

appropriate negative sign with X or Y on RANDPS). 

A more general I imitation of NASTRAN input format 

is that use of the 8-character field length limits values 

in exponential format to three significant numbers. This 
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may be increased to four significant numbers if the "E" 

of the exponential form is removed. This is carried out 

by cal Is to the subroutine FORMT. 

Before being included in the output, the total 

variance of a cross-spectral density is calculated. If 

this variance is less than that of the minimum variance 

of those power-spectral densities which are being includ

ed, then that cross spectrum is entirely ignored. The 

reason is that if certain power-spectral densities (and 

associated degrees of freedom) are to be neglected due to 

their low contribution to overall loading, then there is 

no reason to include cross-spectral densities, which wi I I 

contribute no more to the spectral response. In this way 

the size of the input file is reduced. 

The output is further reduced in size by testing 

each of the individual tables against a simi lar criteri

on. If the sum of the terms in each table is less than 

one-half of the minimum psd variance, then that table is 

omitted. 

The printing of the power-spectral densities is 

carried out by the routine WRITE2, whereas the output of 

the cross-spectral densities is organized with subroutine 

PRINT. This is largely due to the three different 

options that are avai lable for the latter (see Section 

7.3.24). 

7.3.24 Subroutine HSUP 

This subroutine is called when the number of modes 

requested for the NASTRAN solution (NVECT) is less than 
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the number of modes in the load formulation (NEIG). HSUP 

wi I I suppress those modes that have the lowest variance 

of their modal load power spectral densities. 

Once the modes to be suppressed have been iden

tified, they are transmitted to NASTRAN through a DMI 

(direct matrix input) named HSUP, which is interpreted 

through the DMAP modifications (see Appendix E). 

7.3.25 Subroutine PRINT 

This routine prints the cross spectral density 

tables in a format for TABRNDl cards of NASTRAN. Three 

alternative versions can be selected through the value of 

IPRINT. 

IPRINT ~ 	 prints the ful I spectrum 

IPRINT ~ 2 	 the spectral values at harmonic frequencies 

are printed but al I intermediate values are 

put equal to zero. This version reduces tIle 

total fi Ie length and al lows examination of 

the influence of non-harmonic terms. 

IPRINT = 3 	 this version also writes harmonic frequency 

values but can only be used if the solution 

is limited to those frequencies. 

List of Arguments 

WORK vector of current table values (Mantissa only) 

SC vector of exponential signs for table values 

NC vector of exponents for table values 
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NPMAX maximum harmonic frequency requested 
NDIV number of intervals in spectrum between harmonic 

frequencies (must be a power of 2) 

KTAB current index value for continuation cards 
KRAN index for current id of TABRND1 card 
DELF basic frequency interval 

IPRINT = 1, 2 or 3; key to type of cross spectrum 

pr i nt i ng 

A total of four input fi les is required by the 

program TRES. They are 

basic data 


airfoi I data 


eigenvectors 


NASTRAN bulk data 


They are described in the following sections, and sample 

listings are included in Appendix B. 

This fi Ie contains al I necessary information about 

the overal I rotor configuration, the spatial array of 

turbulent vectors, the turbulence parameters, the number 

and types of airfoi Is, the number of eigenvectors to be 

used, the type of output and the extent of modal damping. 

All of this fileis read by subroutine READ 1 and informa

tion on the meaning of variables may be obtained from 

Sections 7.2.1 and 7.3.2. 
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Format. AI I comment cards must have a "$" in 

column one. AI I variables are in free format except 

where noted. 

COll'lTlon 

~~.!:!.~~.!.~_______!?!.~~~~!.~~~____ ~_________~~~~!.~~L______.________~.!.~~~_ 

Line 1 

HT 

DIA 
HMR 

RPM 
VBAR 
WSE 
DELT 

ARHO 

Li ne 2 

C1X 

C2X 

C1Y 

C2Y 

ZO 

DECAY 

Li ne 3 

NHT 

NOlA 

NEIG 

in 

in 

in 

rpm 

mph 

5 

Ib/ft 

m 

height of rotor 

diameter of rotor 

mid-rotor height 

rotor speed 

mid-rotor windspeed 

vertical wind shear exponent 

time interval for time series 

air density 

coefficients Cl and C2 for 

use in Frost & Turner 

turbulence spectrum. 

X = longitudinal, Y = lateral 

roughness height 

decay coefficient to define 

coherence of cross-spectra 

of wind 

no. of vertical divisions in 

spatial array 

no. of lateral divisions in 

spatial array 

no. of eigenvectors in load 

formulation 
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GEO'v1 

GEOM 

GEO'v1 

ROTOR 

WND 
WND 
WND 
WND 

WND 

WND 
WND 

GEO'v1 

GEO'v1 

GEQ\A 



~~~l~~l~______ 

NT 

NREV 

NFOI L 

NLOOP 

NPMAX 

NDIV 

NVECT 

Li ne II 

"YES/NO" 

Li ne 5 

"YES/NO" 

Li ne 6 

IPRINT 

Common 

~l~~~~l~~~____________~~~~l~9_____________~l~~~_ 

no. of intervals per rotor GEOM 

revolution; must be a power 

of 2 

no. of revolutions of rotor; GEOM 

must be a power of 2 

no. of different airfoi Is used ROTOR 

no. of loops used to generate GEOM 

ensemble of load spectra 

max. per-rev frequency in GEOM 

output spectra 

no. of divisions between per- GEOM 

rev frequencies in output 

spectra; must be power of 2 

no. of eigenvectors to be GEOM 

used in NASTRAN modal solution 

Dynamic stall included? 

A3 format 

Column loading included? 

A3 format 

= ful I cross spectra for output 

2 cross spectra at harmonics only 

3 = solution at harmonics only 
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Corrmon 

~~!..!.~2!!:.______~.!.12:!~~!.!.~~!_____________~~~~.!.~9._____________~!.~~~_ 

Li ne 7 

TYPE( i ) airfoi I type name, A8 format ALPHA 

CH( i ) in chord length of airfoi I #i ROTOR 

FHT( i ) in height from mid-rotor for ROTOR 

start of airfoi I #i 

Note: the location of air 

foi Is is assumed to be sym

metric about the mid-rotor. 

Li ne 8 

I LAM eigenvector no. 

DAMP{ I LAM) non-default critical damping ROTOR 

for mode I LAM 

7 • IJ • 2 Air f 0 i I Da t a F i I e 

AI I the necessary airfoi I data are read in by 

subroutine READAIR (Section 7.3.IJ), and a sample of an 

inRut fi Ie is included as Appendix B.2. This input fi Ie 

must adhere to the fol lowing format restrictions: 

(1) 	 The fi Ie may contain lift and drag coefficients for 

any number of airfoi I shapes but no more than five 

can be read by one job. 

(2) 	 Each airfoi I may have coefficients listed at up to 

five Reynolds numbers. 

(3) 	 Up to 50 angles of attack may be listed for each 

block. 
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(4) 	 If data at more than one Reynolds number are given 

for a certain airfoi I then the blocks must be placed 

in order of ascending Reynolds number. 

(5) 	 The last angle of attack in each block must be 180.0 

(exact Iy). 

(6) The angles of attack used for different airfoi Is or 

for different Reynolds numbers of the same airfoi I 

do not have to be the same (in value or total 

number). 

(7) 	 The fi Ie must end with "ENDFILE". 

(8) 	 Each block or group of data must begin with a line 

having the eight-character alphanumeric airfoi I 

identifier in the first field. 

(9) 	 The second I ine of each block contain the following, 

in Fl0.0, Fl0.2, 2Fl0.4 format. 

RE ( i , j ) Reynolds number #j for airfoi I #i 

AS(i,j) static stall angle 

CDMIN(i,j) Cd at zero angle of attack to be 

added to al I values listed 

TC( i) aspect ratio for airfoil #i 

(10) 	 Subsequent lines contain in 3Fl0.4 format. 

A angle of attack (degrees) 

CL lift coefficient 

CD drag coefficient 
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This fi Ie is created by a NASTRAN real eigenvalue 

solution (such as 03, 30 or 63). It is generated as 

"punched" output by the control cards described in 

Section 3.1. A sample of such a fi Ie is included as 

Appendix B.3. 

Subroutine READEIG is written especially to read 

this type of fi Ie. It searches for a line beginning with 

the characters "$EIGENVALUE" , records the mode number and 

eigenvalue and proceeds to read the grid point displace

ments. These points are output in ascending order of the 

associated NASTRAN GRID id numbers. 

7.4.4 NASTRAN Bulk Data Fi Ie 

The NASTRAN Bulk Data Fi Ie is used to supply the 

necessary information on the configuration of the rotor. 

The fi Ie is read in by subroutine READ2, which is de

scribed in Section 7.3.3. A sample bulk data fi Ie is 

included as Appendix B.4. 

The bulk data fi Ie is a standard NASTRAN input 

deck except for the GRID cards associated with the column 

nodes. In order to transmit the value of the column 

diameter, field number 10, which is normally blank and 

is ignored by NASTRAN, is used for this value. 

The program TRES generates a fi Ie TRES.OUT which 

is largely an echo of the data contained in the basic 
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input data fi Ie. It also lists the length of the time 

series vectors, the number of elements in the blades and 

in the column, and the eigenvalues. 

In addition, the rms and intensity of the longitu

dinal and lateral turbulence are given, together with the 

ordering of the modal loads according to their variances. 

The percentage of stochastic variance is I isted for al I 

spectra and cross spectra. 

A sample output fi Ie is included as Appendix C.l. 

A fi Ie with the name TRES1.OUT is also generated 

by program TRES and contains al I cards that must be 

attached to the NASTRAN bulk data for the Solution 30 

frequency response analysis. 

This f i Ie can be long. For modal input from 

20 modes at 40 frequency values, the total length can be 

I imi ted to about 2,500 lines by deleting tables which 

contribute less than a certain minimum variance. An 

abbreviated sample of such a fi Ie is attached as Appendix 

C.2. 

This f i Ie i s used as secondary storage by the 

program TRES. The f i Ie stores the matrix of auto- and 

cross-spectral densities of the moda I loads between 

ensemble loops. The f i Ie is retrieved when a loop is 

complete to allow the new ensemble mean to be calculated. 
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APPENDIX A 


Note; Main routine is I isted first and subroutines fol low in 

alphabetical order. 
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PROGRAM TRESM 
RRITEC *, *)' enter basic input data file name' 
OPENC1,FILE='TRES.DAT') 
RRITEC *, *)' enter airfoil data file name' 
OPENC2,FILE=' AIR2.DAT') 
RRITEC *, *)' enter file containing eigenvectors' 
OPENC3, FILE=' PSVECT. DAT') 
RRITEC*, *)' enter NASTRAN bulkdata filename' 
OPENC5,FILE=' PSBULK. DAT') 
OPENCo,FILE=' TRES. OUT' ,STATUS=' NER') 
OPENC7,FILE=' TRES1.0UT' ,STATUS=' NER') 
OPENCS,FILE=' TRES. STR' ,STATUS=' NER') 
OPENCq,FILE=' VTIME.OUT',STATUS='NER') 
RRITEC 0, 111) 

111 FORMATC' TRESH. CALCULATION OF ROTOR AERODYNAMIC LOADS UNDER', 
l' TURBULENT RINDS',I,' D. J. MALCOLM, APRIL 1qSo' ,I) 

C 
CALL READ1CIDS, ICL,IPRINT) 
CALL READ2 
CALL READAIR 
CALL READEIG 
CALL SMOOTHC IDS, I CL) 
CALL KRITE1C IPRINTl 
END 

C 
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C 
SUBROUTIHE CHODAL(II, KV, KL,IC, PRESS, THETAC,PHIC) 

C 
C contributes column loads to modal loads 

COHMOH/GEOH/HT, DIA,HMR, HHT,HDIA, NZH,HT,HREV, HEIG,NLOOP, HPMAX,NDIV 
1, HVECT,HCOL 

COMMOH/ROTOR/R(40),Z(40),RPH,CH(5), FHT(5),NFOIL,INDEX(401,DAHP(30) 
1 ,INDEXC(20),ZCOLC20),DCOL(201 

COMMON/EIGEH/EIGV(BO, 3,22),GLOAD(25b,22),EVALUEC221,IGLOAD(22) 
C sharing betNeen column nodes 

G=(ZCOL(IC)-Z(II))/(ZCOL(IC)-ZCOL(IC-1)1 
C identify column in EIGV matrix 

ICOL=INDEXC(IC) 
DRAG2=PRESS*DCOL(IC-1) *1. O*G 
DRAG1=PRESS*DCOL(IC)*1.0*(1. -Gl 

C loop on eigenmodes 
DO 10 I=1,NEIG 

10 GLOAD(KL,IJ=GLOAD(KL,IJ-CEIGV(ICOL,1,I)*DRAG1+EIGV(ICOL-1,1,IJ* 
DRAG2J*SINCTHETAC-PHICl - COS(THETAC+PHIC)*(EIGV( 

2 ICOL,2, I)*DRAG1+EIGV(ICOL-1,2, I)*DRAG2) 

RETURN 

END 
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C 
SUBROUTINE DECOHP(IXY) 

C 
C decomposes csd's into transfer matrix according to S=H*(H)t. 
C results are stored in same locations in TRH. 

COHHON/GEOH/HT,DIA,HHR,NRT,NDIA,NZH,NT, NREV, NEIG,NLOOP,NPHAX, NDIV 
1,NVECT,NCOL 

COHHON/KND/VBAR,KSE,C1X, C2X,C1Y,C2Y, ZO, DECAY, DELT,NTRA N,VBARZ,ARHO 
COHMON/SPECT/S(25b,5), TRH(25b,13b,2), VTUBE(512, 2) 
NN=(NHT+1)*(NDIA+1) 
NSP=NN*( NN+1l 12 

C loop on frequencies 
DO 10 H=1,NTRAN/2 

IROK=2*H-1 
C initialize first column 

TRH( IROK, 1, IX¥) =SQRT( TRIl( IRON, 1, IXY) ) 
DO 20 IND=2,NN 

ICOL=IND*(IND-1)/2+1 
TRH(IROK,ICOL,IXY)=TRH(IROK,ICOL,IXY)/TRH(IROR, 1, IXYl 

20 CONTINUE 
C solve for each IND1 rOR 

DO 30 IND1=2, NN 
DO 30 IND2=2,IND1 


INDX=IND1*(IND1-1l/2+IND2 

SUH=O. 0 

DO 40 K=1,IND2-1 


INDX1=IND1*(IND1-1l/2+K 
INDX2=IN02*(IND2-1l/2+K 

40 SUH=SUM+TRH(IRON, INOX1, IXYl*TRH(IROR,INOX2, IXYl 
IF(IND2.LT.IND1) THEN 

TRH(IROK,INDX, IXYl=(TRH(IROK,INDX, IXYl-SUH) 
ITRH(IROK,INOX2+1,IXY) 

ELSE 
TRH(IROR, INDX, IXY)=SQRT(TRH(IRON,INOX, IXY)-SUH) 

ENOIF 
30 CONTINUE 
10 CONTINUE 

RETURN 

END 
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C 
SUBROUTINE DFT(XSEED,IXY) 

C 

C this routine adds a random phase to the columns of H, performs 
C an inverse Fourier transform on each spectrum, and obtains the 
C time series at each point by summing the rows. 

COHHON/GEOH/HT,DIA, HHR, NHT,NDIA, NZH,NT, NREV, NEIG,NLOOP , NPHAX,NDIV 
1 , NVECT, NCOL 

COHHON/RND/VBAR,RSE,C1X,C2X,C1Y,C2Y,ZO, DECAY, DELT,NTRA N, VBARZ,ARHO 
COHHON/SPECT/S(25b,51, TRH(25b,13b,2), VTUBEC512,2) 
DIHENSION RORK1C5121.RORK2(512) 
NN=CNHT+1)*CNDIA+1) 
PI=ACOSC -1. I 

C loop on frequencies 
DO 10 H=1,NTRAN/2 
H1 =2*H-1 
H2=2*H 

C loop 	on columns 
DO 20 IND2=1,NN 
PHASE=RANDOHC XSEED) *2. *PI 

C loop on rows 
DO 20 IND1=IND2,NN 
INDX=IND1*CIND1-1)/2+IND2 
TRHCH2,INDX,IXYI=TRHCH1,INDX,IXY)*SINCPHASE) 
TRHCH1,INDX,IXYI=TRHCH1,INDX,IXY)*COSCPHASEI 

20 CONTINUE 
10 CONTINUE 
C loop on spectra 

DO 30 IND1 "1, NN 

DO 30 IND2=1, IND1 

INDX"IND1*C IND1-1) 12+INP2 


9 transfer to working vectors and add conjugate to 2nd half 
DO 40 H=2,NTRAN/2 
H1 =2*H-1 
H2=2*H 
RORK1CH)=TRHCH1,INDX,IXY) 
KORK2CH)=-TRHCH2,INDX,IXYI 
RORK1CNTRAN-H+2)=TRHCH1,INDX,IXY) 

40 RORK2CNTRAN-H+21=TRHCH2,INDX,IXY) 
RORK1C NTRAN/2+11 =0. 0 
RORK2(NTRAN/2+11=0.0 

C remove ~ero frequency Cmean Kind) 
!fORK1 C 1) =0. 
!fORK2C 1) =0. 

C carry out Fourier transform 
IN=O 
CALL FFT842(IN,NTRAN, !fORK1, !fORK2) 

C store Creal part of) output back into TRH,C* by NI 
DO 50 H=1,NTRAN 

50 TRHCH,INDX,IXY)"RORK1CH) 
30 CONTINUE 
C sum across rows to obtain final time series. Store in TRH 

DO bO H=1,NTRAN 
C loop 	on rows 

DO 70 IND1=2,NN 
ICOL=IND1*CIND1-1)/2+1 

DO 70 IND2"2,IND1 
INDX=IND1*CIND1-1)/2+IND2 

70 TRHCH,ICOL, IXY) =TRHC H, ICOL,IXY1+TRHC H,INDX, IXY) 
bO CONTINUE 

RETURN 
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C 
SUBROUTINE DKST(ISIGN,II, JJ,KK,KV,ITURB,INIT,IDS) 

C 
C iterative solution to momentum balance based on method by R J Templin 
C Programmed by D J Kalcolm 

COKKON/GEOK/HT,DIA,HKR,NHT,NDIA,NZH,NT,NREV,NEIG,NLOOP, NPKAX,NDIV 
1,NVECT,NCOL 

COHKON/ROTOR/R(40),Z(40),RPH,CH(5),FHT(5),NFOIL,INDEX(40),DAHP(30) 
1 ,INDEXC(20),ZCOL(20),DCOLC20) 

COKKON/RND/VBAR, RSE,C1X,C2X,C1Y, C2Y,ZO, DECAY, DELT,NTRAN, VBARZ, ARHO 
COHKON/AIRFOIL/DSET(5,50,11),DSET1(50,2),RE(5,5),AS(5,5), 

1CDKINC5,5),NRE(5), TC(5),NA(5),ANG(50) 
COHKON/AERO/VDEF, THETA, DTHETA, DEL,COSD, OHEGA,RR,DZ,ARHOG, VRH, 

1V1RH,PI,POHER,FNODE(3),VR,RE1,AS1,PHI 

COHKON/SPECT/S(25b,5), TRH(25b,13b,2), VTUBE(512,2) 

VDRH=VRH*.90 

DKP=. 75 

CRIT=O. 02 

JDS=1 

IFCIDS.EQ.O) JDS=O 

IC=O 

BETA=THETA+ISIGN*PHI 


C iterate to converge on disc drag coefficient 
200b 	 QQD=C RR/VDRH+COSC BETA»**2+(SINC BETA)*COSD) **2 

IC=IC+1 
ALPH=ACOS(CCOSCBETA)+RR/VDRR)/SQRT(QQD» 

C relative velocity, stall angle, local Reynolds number (initial pass only) 
IFCINIT. EQ. 0) THEN 


VR=VDRH*DIA/2. *OKEGA*SQRT(QQD) 

RE1=VR*CH(KK)*b394./144. 

AS1=ASCKK,1) 


ENDIF 
C dynamic stall 

IF(QQD.LT.0.01.0R. VR.LT.DIA*OKEGA/20.) JDS=O 
IF(ALPH. LT.5. 157. 3. OR. ALPH.GT. 3. *AS1/57. 3) JDS=O 
DADT=O. 0 
ALPHR=ALPH 
IF(JDS. EQ. 1) THEN 

DADT=ISIGN*OKEGA*COSD*(1. +RR/VDRR*COSCBETA»/QQD 
IF(ITURB. EQ.1) THEN 

VDEF1=1.0 
IF(ISIGN.EQ. -1) VDEF1=VDEF 
VP1=SQRTC(VBARZ+VTUBE(KV+1,1»**2+VTUBECKV+1,2)**2) 
VK1=SQRTCCVBARZ+VTUBE(KV-1,1»**2+VTUBECKV-1,2)**2) 
DADT=DADT+(VP1-VK1)*VDEF1/2./DELT 

*SINCBETA)*COSD*RR/DIA*2./OKEGA/VRR/VDRR/QQD 
PHIP1=ASIN(VTUBECKV+1,2)/VP1) 
PHIK1=ASIN(VTUBECKV-1,2)/VK1) 
DADT=DADT+(PHIP1-PHIH1) 12. IDELT*COSD*( 1. +RR/VDRR* 

COS(BETA»/QQD*ISIGN
• 
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http:IF(QQD.LT.0.01.0R
http:VDRH=VRH*.90


ENDIF 
CALL DYNSTLLIDADT,CHIKK),ALPH,ALPHR, KK, TCIKK» 

ENDIF 
C interpolate betKeen data to obtain lift and drag coeffs. 

CALL TABIALPHR,CL,CD,CDM, INIT,KK) 
INIT=1 
IFIALPH.NE.O.O) CL=CL*ALPH/ALPHR 
CN=CL*COSIALPH)+CD*SINIALPH) 
CT=CL*SINIALPH)-CD*COS(ALPH) 
CDD=2.*CHIKK)*QQD/2./PI/SIN(THETA)/RIII)*ICN*SIN(THETA)

1 CT*COS(THETA)/COSD) 
IF(CDD. GE. 4.0) THEN 


DMP=DMP*. 07 

CRIT=CRIT*1. 5 


ENDIF 
IFIIC. GT. B) THEN 


HRITE(o,100)II,JJ, KK,IC,ISIGN,CDD,CRIT 

V1RII=VDRII 


ELSE 

VRIIA=VDRH*(1. +CDD/4.) 

VDRII=VDRII-DHP*IVRIIA-VRII) 

IFIABSI(VRIIA-VRH)/VRII). LE. CRIT) THEN 


V1RH=VDRII*11. -CDD/4.) 

ELSE 


GO TO 2000 

ENDIF 

ENDIF 
TEHP=CH(KK)*QQD*IDIA/2. *OHEGA*VDRII)**2*ARHOG/2.*DZ/COSD 
FNODE(1)=-CN*TEHP*COSD*ISIGN 
FNODE(2)=CT*TEMP 
FNODE(3)=CN*TEMP*SINIDEL)*ISIGN 
POIIER=POIIER+2.*FNODE(2)*RIII)*RPH/NT/844B4. 

100 FORHATI' CONVERGENCE NOT HET, II=', 13,' JJ=' , 13,' KK=', 
113,' IC=' , 13,' ISIGN=', 13,' CDD=', F7. 3,' CRIT=', Fo. 3) 

RETURN 
END 

• 
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C 
SUBROUTINE DYNSTLLIDADT,C,ALPH,ALPHR,KK,TC) 

C 
C Uses the dynamic stall model of Gormont 1Boeing-Vertol) modified by 
C B. Hasse and by R. J. Templin I notes of 21 Nov 1<)B3) 
C Returns the value of ALPHR 

COHHON/AERO/VDEF, THETA, DTHETA, DEL,COSD,OHEGA, RR, DZ, ARHOG, VRW, 
1	V1 RR, PI, PORER, FNODEI 3), VR, RE1, AS1, PHI 


REAL M,M2,H1 

A=ALPH"'57. 2<)b 


C correct for Mach no 
M1=0. 4+5. "'1.Ob-TC) 
M2=. <)+2. 5"'1. Ob-TC) 
M=VR/1 OBO. 112. 
GAM2=11.4-b."'I.Ob-TC))"'IM2-M)/IM2-H1) 

C Gormont stall delay parameter 
AB=SQRTIABSIDADT"'C/2./VR)) 

C dynamic stall breakpoint 
ABCRIT=. Ob+1. 5"'1. Ob-TC) 
ABCRIT=O. 0 

C RJT weighting of dynamic stall effect 
P=IA-5. )/IAS1-5.) 
IFI A. GT. AS1) P=1. -I A-AS1) 12.1 AS1 

C correction for sign of DADT 
G=. 75+SIGNI1., DADT)"'. 25 

C calculate reference angle 
ALPHR=ALPH-GAM2"'IAB-. 5"'ABCRIT)"'G*SIGNI1. ,DADT)"'P 
IFIALPHR. LT. O. 1) ALPHR=0.1 
RETURN 
END 
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C 
C---------------------------------------------------_------------------ 
C SUBROUTINE: FFT842 
C FAST FOURIER TRANSFORM FOR N=2**M 
C COMPLEX INPUT 
C---------------------------------------------------------------------- 
C 

SUBROUTINE FFT842( IN, N, X, Y) 

C 
C THIS PROGRAM REPLACES THE VECTOR Z=X+IY BY ITS FINITE 
C DISCRETE, COMPLEX FOURIER TRANSFORM IF IN=O. THE INVERSE TRANSFORM 
C IS CALCULATED FOR IN=1. IT PERFORMS AS MANY BASE 
C 8 ITERATIONS AS POSSIBLE AND THEN FINISHES HITH A BASE 4 ITERATION 
C OR A BASE 2 ITERATION IF NEEDED. 
C 
C THE SUBROUTINE IS CALLED AS SUBROUTINE FFT84.2 (IN, N, X, Yl. 
C THE INTEGER N (A POHER OF 2), THE N REAL LOCATION ARRAY X, AND 
C THE N REAL LOCATION ARRAY Y MUST BE SUPPLIED TO THE SUBROUTINE. 
C 

DIMENSION X( 2), Y( 2), L( 15) 
EQUIVALENCE (L15,L(1», (L14,L(2)1, (L13,L(3», (L12,L(4», 

(L11,L(5», (L10,L(b», (L9,L(7», (L8,L(8», (L7,L(9»,* 
(Lb,L(10», (L5,L(11», (L4,L(12», (L3,L(13», (L2,L(14»,'" (L1,L(15»" 

c 
C 
C {H IS A MACHINE DEPENDENT HRITE DEVICE NUMBER 
C 

IH = b 
C 

PI2 = 2. *3. 1415q3 
P7 = 1./SQRT<2.) 
DO 10 1=1,15 
M = I 
NT = 2**1 
IF (N. EQ.NT) GO TO 20 

10 CONTINUE 
HRITE (IH, qq99) 

q999 FORMAT (35H N IS NOT A POHER OF THO FOR FFT842) 
STOP 

20 	 N2POR = M 

NTHPO = N 

FN = NTH PO 

IF (IN. EQ. 1) GO TO 40 

DO 30 1=1, NTHPO 

Y(I) = -Y(I) 

30 CONTINUE 

40 N8POR = N2POR/3 


IF (N8POR. EQ.O) GO TO bO 
C 
C RADIX 8 PASSES, IF ANY. 
C 

DO 50 IPASS=1,N8POR 

NXTLT = 2**(N2POH-3"IPASS) 

LENGT = 8*NXTL T 

CALL R8 TX( NXTL T, NTHPO, LENGT, X( 1), X( NXTL T+1 ), X( 2"NXTLT+1) , 


* X( 3"NXTLT+1), X( 4"NXTLT+1), X( 5"NXTLT+1), X( b"NXTL T+1) , 
" X( 7*NXTLT+1), Y( 1l, Y( NXTLT+1l, Y( 2"NXTLT+1), Y( 3*NXTLT+1l, 
" Y( 4"NXTLT+1), Y( 5"'NXTLT+1), Y( b"NXTLT+1), Y( 7"NXTLT+1), PI2, P7) 

50 	 CONTINUE 2-70 



c 
SUBROUTINE FHODAL(IBLADE, II,KL) 

c 
C this routine adds contributions to the modal load time series 

COHHON/GEOH/HT,DIA,HHR,NHT,NDIA,NZH,NT,NREV,NEIG,NLOOP, NPHAX,NDIV 
1,NVECT,NCOL 

COHHON/AERO/VDEF,THETA,DTHETA,DEL,COSD,OHEGA,RR,DZ,ARHOG, VRR, 
1V1RR,PI, PORER,FNODE(3), VR,RE1,AS1, PHI 

COHHON/EIGEN/EIGV(SO,3, 22), GLOAD(25b,22), EVALUE(22),IGLOAD(22) 
C identify column in matrix EIGV corresponding to blade node II and blade l~ IBLADE 

ICOL=(NZH-1)*(IBLADE-1)+II +NCOL 
C calc contribution to each of NEIG eigenvectors 

DO 10 I=1,NEIG 
SUH=O. 0 

DO 20 J=1,3 
20 SUH=SUH+EIGV(ICOL,J,I)*FNODE(J) 
10 GLOAD(KL,I)=GLOAD(KL,I)+SUH 

RETURN 
END 
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c 
SUBROUTINE FORMT(E,SE,NE,NN) 

C reformats vector E into exponential form 
CHARACTER SE(256) 
DIHENSION E(256),NE(256) 

10 

20 

30 

50 

DO 50 1=1, NN 

NE( 1) =0 

SEC 1) =' +' 

IF( ABS( E( I)). EQ. 0.) 

IF( ABS( E( 1) ) . LT. 1. 0) 

SEC 1) =' +' 

CONTINUE 

NE( 1) =NE( I) +1 

E( 1) =E( 1) /10 


IF( ABS( E( I)). GT. 1.0) 

GO TO 50 

CONTINUE 

SEC 1) =' -' 

CONTINUE 

NE( 1) =NE( I) +1 

E( 1) =E( 1) "'10 

I F( ABS( E( I) ) . L T. 1 . 0) 

NE( 1) =NE( 1) -1 

E( 1) =E( 1) /10 


IF( NE( 1). LE. 9) GO TO 

NE(I)=O 

E( 1) =0. 


CONTINUE 


RETURN 

END 


GO TO 50 
GO TO 20 

GO TO 10 

GO TO 30 

50 

• 
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C 
SUBROUTINE HSUP(NEIG, NVECT, IGLOAD) 

C 
C supress omitted subcases (modes) 

DIMENSION IGLOAD(22), ISUP(30) 
KRITE( 7, 11e) 0,2,1,0, NEIG, 1 

118 FORMAT(' $' ,f,' $ DE-ACTIVATE UNKANTED MODES' ,f,' $', I, 
'DM1 HSUP ',4IS,eX,2I8) 

NSUP=NE1G-NVECT 
C re-order suppressed vectors (ascending order) 

K=O 
DO 54 1=1,NE1G 


DO 55 J=NVECT+1,NEIG 

1F(1. EQ. 1GLOAD(J» THEN 


K=K+1 

1SUP(K)=IGLOAD(J) 

GO TO 54 


END1F 
55 CONTINUE 
54 CONTINUE 
C write DMI cards for HSUP 

IF(NSUP. LE.3) THEN 
KRITE( 7,11 'l) 1, ( ISUP( Il, 1. 0, 1=1, NSUP) 

11'l FORMAT('DMI HSUP ',Ie,3(I8,FS.1» 
ELSE 

HRITE( 7,120) 1, ( ISUP( Il, 1. 0, 1=1,3),1 
120 	 FORMAT(' DMI HSUP ',18, 3( 18, FB. 1),' +HSUP' , I1) 

NSUP1=NSUP+1 
11=0 
K=1 

56 	 NSUP1=NSUP1-4 
11=11+4 
IF(NSUP1.LE.4) THEN 

I!RITE( 7, 121) K, (I5UP( 1),1.0, I=I1, NSUP) 
121 FORMAT(' +HSUP' , 11, 2X, 4( 18, F8. 1» 

ELSE 
K=K+1 
I!RITE( 7,122) K-1, ( I5UP( 1),1.0,1=11,11 +3), K 

122 	 FORMAT( , +H5UP' , I1, 2X, 4( IB, FB. 1) , , +H5UP' ,11) 
GO TO 56 

EIIDIF 

ENDIF 

RETURN 

END 
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C 
sUaROUTINE INPUT(J) 

C reads from unit J, checks for initial $ sign 
CHARACTER AA 
READ(J,100)AA 

100 	 FORHAT( A1) 
H( AA. EQ. ' $') GO TO 1 

q 	 BACKSPACE J 
RETURN 
END 
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c 
SUBROUTINE MODEL(R, V, HORK, IXY) 

C 
C uses Frost & Turner expression for the (continuous) psd of Rind turbulence. 

• 
c Units must be S.I . 

COMMON/GEOH/HT,DIA,HMR,NHT,NDIA,NZH,NT,NREV,NEIG,NLOOP,NPMAX,NDIV 
1, NVECT, NCOL 

COMMON/RND/VBAR, HSE,C1X,C2X,C1Y,C2Y,ZO, DECAY, DELT,NTRAN,VBARZ, ARHO 
DIMENSION RORK(256) 
HK=R/39. 37 
HH=10. 
VH=V*. 447 
IF(IXY. EO. 1) THEN 

C1=C1X 
C2=C2X 

ELSE 
C1=C1Y 
C2=C2Y 

ENDIF 
DELF=l./NTRAN/DELT 
DOM1=ALOG(10. IZO+1. )*ALOG(RH/ZO+1.) 
DUM1=VM*C1*HM/DOM1 
DUM2=HM*ALOG( 10. IZO+1. ) I ( VM*ALOG( HM/ZO+1. ) ) 

DO 10 M=2,NTRAN/2 
MM=M-1 

10 HORK(M)=DUM1/(1. +C2*(MM*DELF*DUM2) **1. 67) 
RORK( 1) =HORK( 2) 
RETURN 
END 

• 
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C 
SUBROUTINE PRINT( HORK, SC,NC, NPMAX,NDIV, KTAB,KRAN, DELF,IPRINT) 

C 

C Krites NASTRAN TABLE for cross spectra using chosen option 
CHARACTER SC(250) 

DIMENSION HORK(250), NC(250), FREO( 12B) 

HRITE(7,100)KRAN,KTAB 


100 	 FORMAT('TABRND1' ,IB,56X,' +TAB' ,14) 
NTOT=NPMAX*NDIV+1 
IFIIPRINT. EO. 11 THEN 

C print full cross spectra (assuming a multiple of 4) 
NCARD=NPHAX*NDIV/4 

DO 20 IC=1,NCARD 
HRITEI 7, 101) KTAB, I DELF*I II-1 I, HORK( II), SC( Ill, NC( II), 

1 II=IC*4-3, IC*4), KTAB+1 
101 FORHAT(' +TAB', 14, 4( FB. 3, Fo. 4. A1, 11),' +TAB', 14) 
20 KTAB=KTAB+1 

NRITEI7, 103)KTAB,DELF*(NTOT-1), HORKINTOT),SC(NTOT),NC(NTOT) 
103 FORHAT(' +TAB', 14, FB.3, Fo. 4, A1, 11,' ENDT') 

ELSEIF(IPRINT. EQ. 21 THEN 
C Krite cross spectra at harmonic frequencies only Kith intermediate zeros 
C reorder vectors onto harmonics 

DO 10 IP=1,NPMAX 
II=IP*3+1 
JJ=IP*NDI V+1 
NORK(II)=HORK(JJ) 
HORK( II -1) =0. 0 
1I0RK( II -2) =0. 0 
NC( II) =NC( JJ) 
NCI II-1) =0 
NC( II-21 =0 
FREQ(II)=DELF*(JJ-1) 

only Kith adjacent zeros 

FREQ(II-2)=DELF*(JJ-NDIV) 
10 FREQ(II-1)=DELF*(JJ-2) 
C print TABLE in groups of 4 

NF=NPMAX*3+1 

NCARD=NF/4 

NREH=NF-NCARD*4 


DO 30 IC=1,NCARD 
HRITE(7,104)KTAB,IFREO(II),NORK(II),SC(II),NCIII),rI=IC*4-3, 

IC*41, KTAB+1 
104 FORMA T( , +TAB' , 14, 4( F8. 3, Fo. 4, A 1, 11) , , +T AB' , 14) 
30 KTAB=KTAB+1 

IF(NREH. EQ. 0) THEN 
IIRITE(7,105)KTAB 

105 FORMAT('+TAB',I4,' ENDT') 
ELSEIF(NREM. EO. 1) THEN 

NRITE(7, 10o)KTAB, FREQ(NF), NORK(NF), SC(NFI, NC(NF) 
106 FORMAT('+TAB',I4,FB.3,Fo.4,A1,I1,' ENDT') 

ELSEIF(NREM. EQ. 2) THEN 
IIRITE( 7,107) KTAB, ( FREQ( Il, NORK( II, SC( I) , NC( Il, I=NF-1, NF) 

107 FORHAT('+TAB',I4,2(F8.3,F6.4,A1,I1),' ENDT') 
ELSE 

HRITE(7,10B)KTAB,(FREQ(I),HORK(I),SCII),NC(I),I=NF-2,NF) 
108 FORHAT(' +TAB', 14, 3( F8. 3, F6. 4, A1, 11),' ENDT' ) 



ENDIF 

C Nrites cross spectra at 5 harmonic frequencies only (no intermediate zeros) 

ELSEIF(IPRINT. EO. 3) THEN 
RRITE(7, 10q)KTAB, (DELF*(II-1),RORK(II), SCI II), NCIII),II=1, 

3*NDIV+1,NDIV),KTAB+1 
10'1 	 FORMAT(' +TAB', 14, 4( Fa. 3, FO. 4, A1, 11),' +TAB', 14) 

KT AB=KT AB+1 
RRITEI7,110IKTAB,(DELF*(II-1),RORKIII),SCIII),NCIII),II=4*NDIV+1 

, NTOT, NDIVI 
110 FORHAT<' +TAB' , 14, 2( Fa. 3, FEl. 4, A1, 11), , ENDT' ) 

ENDIF 
KTAB=KTAB+1 
RETURN 
END 
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C 
FUNCTION RANDOH(XSEEDl 

C 
C generates a random number based on Ang & Tang p. 27q 
C IA=101 
C IC=1 
C H=25b 
C DO 1 1=1,3 
C1 XSEED=IA*XSEED+IC-H*INT«IA*XSEED+ICl/Hl 
C RANDOH=X$EED/H 
C based on HP-35 applications manual IS. HIKAILl 

X=EXPI5. *ALOGIXSEED+3. 1415q2bll 
XSEED=X-I NTI Xl 
RANDOH=XSEED 
RETURN 
END 



C 

SUBROUTINE READAIR 
C 

C reads and stores the required airfoil datasets Kith corresponding Reynolds 
C numbers, static stall, and Cdmin 

CHARACTER*S AA, TYPE 
COHHON/ALPHA/TYPE(5) 
COHHON/GEOH/HT,DIA, HHR,NHT,NDIA,NZH,NT, NREV,NEIG, NLOOP,NPHAX,NDIV 

1,NVECT,NCOL 
COHHON/ROTOR/R(QO),Z(qO),RPH,CH(5),FHT(5), NFOIL,INDEX(QO),DAHP(30) 

1 ,INDEXC(20),ZCOL(20),DCOL(20) 
COHHON/AIRFOIL/DSET(5,50,11),DSET1(50,2),RE(5,5), AS(5,5), 

1CDHIN(5,5),NRE(5),TC(51,NA(5),ANG(50) 
C 

C loop on no of airfoils. Sections identical to previous sections are 
C allocated identical coefficients. 

DO <) I=1,NFOIL 
J1=O 

11 J1=J1+1 
IF( J1. LT. II THEN 

IF( TYPE( J1) . EQ. TYPE( II I THEN 

NRE( II =NRE( J1 ) 

NA( II =NA( J1 I 


DO 13 	KK=1,NA(J1) 
DO 1Q K1=1,2*NRE(J1)+1 

1Q DSET(I, KK,K1)=DSET(J1,KK,K1) 
13 CONTINUE 

TC( I) =TC( J1) 

DO 15 K2=1, NRE(I) 

RE( I, K2) =RE( J1 , K21 

AS(I,K2)=AS(J1,K2) 


15 CDHIN(I,K2)=CDHIN(J1,K2) 
ELSE 

GO TO 11 
ENDIF 

ENDIF 
10 	 ANG( 1) =0. 

DSET1 ( 1 , 1) =0. 
INIT=O 

C read first S letters of lines and check for airfoil description 
J=O 
READ( 2, 100) AA 

100 	 FORHAT( AS) 
IF(AA. EQ.' ENDFILE ') THEN 


REMIND 2 

GO TO <) 


ELSEIF(AA. NE. TYPE(I» THEN 
GO TO 


ENDIF 

J=J+1 

NRE(I)=J 


C read Reynolds no., static stall angle, Cdmin, aspect ratio 
READ( 2,101) RE( I, J), AS( I, J), CDHIN( I, J), TC( II 


101 FORHAT(F10.0,F10.2,2F10.QI 

C read angle of attack, Cl and Cd 


K=O 

4 K=K+1 


READ(2,102IA,CL,CD 

102 FORHAT( 3F1 O. Ql 
 2-79IF( INIT. EQ. O. OR. K. EQ. 1 I THEN 

http:FORHAT(F10.0,F10.2,2F10.QI


DSET( I, K, 1) =A 
DSET(I, K,2*J)=CL 
DSET(I,K,2*J+1)=CD 
DSET1 ( 1, 2) =CD 
IF( A. GE. 180.) THEN 

NA(I)=K 
INIT=1 
GO TO 

ELSE 
GO TO II 

ENDIF 
ELSE 

C use ANG and DSET1as buffers for non-initial data sets 
ANG(K)=A 
DSET1(K,1)=CL 
DSET1(K,2)=CD 
IF(A.LT.1BO.) THEN 

GO TO II 
ELSE 

C interpolate cl and cd values to fit initial angle set 
DO 5 KK=2, NA( I) 
K=1 
K=K+1 
IF(DSET(I,KK,1).LE.ANG(K)) THEN 

G=( DSET( 1,11:11:,1) -ANG( K-1)) I( ANG( 11:) -ANG( 11:-'1)) 
DSET( I, 11:11:, 2*J) =( 1. -G) *DSETH 11:-1,1) +G*DSETH K, 1) 

DSET(I,II:II:, 2*J+1)=(1. -G)*DSET1(1I:-1, 2)+G*DSET1(1I:, 2) 
ELSE 

IF(ANG(II:).GE.1BO.)RRITE(b,103'I,J,II:,II:K,ANG(K),DSET(I,1I:11:,1) 
IF(ANG(II:).GE.1BO.) STOP 
GO TO b 

ENDIF 
5 CONTINUE 

ENDIF 
ENDIF 
GO TO 1 

q CONTINUE 
103 FORHAT<' I J II: 11:11: ANG( 11:) DSET( I, KK, 1)' , 414, 2E1 0.3) 

RETURN 
END 
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C 
SUBROUTINE READEIG 

C 
C reads in eigenvalues and stores in EVALUE(). 
C reads in the translational degrees of freedom of the blade and column nodes. 
C these nodes must start at NASTRAN grid no. 100. Eigenvectors stor'ed 
C in EIGV(I,J,K) . 
C Unit 15 is formatted accor'ding to the punched output of NASTRAN. 

CHARACTER"10 AA 

COMMON/ROTOR/R(40),Z(40), RPM,CH(5), FHT(5),NFOIL, INDEX(40), DAMP(30) 


1 ,INDEXC(20),ZCOL(20),DCOL(20) 
COMMON/EIGEN/EIGV(SO, 3,22),GLOAD(25b,22),EVALUE(22), IGLOAD(22) 
COMMON/GEOM/HT,DIA,HMR,NHT,NDIA,NZH, NT,NREV, NEIG,NLOOP, NPMAX,NDIV 

1, NVECT, NCOL 

DIMENSION DISP(3) 


C loop 	on the no of eigenvector's and eigenvalues required 
DO 1 0 1=1, NEI G 
READ(3,102)AA 
IF(AA. NE. 'SEIGENVALU') GO TO 1 
BACKSPACE 3 
READ( 3, 103) B 
EVALUE(I)=SQRT(B)lb.2831g 

C r'ead 	 in column components 
3 	 READ(3,102)AA 

IF(AA.NE.' 2') GO TO 3 
BACKSPACE 3 

DO 50 J=1,NCOL+1 
READ(3,100)NODE,(EIGV(J,K,I),K=l,3) 

50 READ( 3, 100) 
C locate node no. =100 
2 READ(3,102)AA 

IF( AA. NE. ' 100') GO TO 2 

BACKSPACE 3 


C loop on no. of (both) blade nodes 
DO 30 J=NCOL+2,2"(NZH-l)+NCOL+1 
READ(3,100)NODE,(EIGV(J,K,I),K=l,3) 

30 READ( 3, 100) 
10 CONTINUE 

IIRITE( b, 104) 
104 FORHAT(/,' HODE EIGENVALUE') 

IIRITE( b, 105) (I, EVALUE( 1),1=1, NEIG) 
105 FORHAT(I4,Fg.3) 
100 FORHAT(I10,8X,3E1S.b) 
102 FORHAT(Al0) 
103 FORHAT(1bX,E12.7) 

RETURN 

END 
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C 
SUBROUTINE READ1(IDS, ICL, IPRINT) 

C 

C reads in some basic data from unit 11 and writes to unit Ib 
C 

CHARACTER AA 
CHARACTER*8 TYPE, ADS, ACL 
COMMON/ALPHA/TYPE(5) 
COMMON/GEOM/HT,PIA,HHR,NHT,NDIA, NZH, NT, NREV,NEIG,NLOOP, NPHAX, NDIV 

1, NVECT, NCOL 
COHHON/ROTOR/R(40),Z(40),RPH, CH(5),FHT(5), NFOIL, INDEX(40), DAMP(30) 

1 , INDEXC(20),ZCOL(20),DCOL(20) 
COMMON/KND/VBAR,KSE,C1X,C2X,C1Y,C2Y,ZO,DECAY,DELT,NTRAN,VBARZ,ARHO 
CALL INPUT(1) 
READ(1,*)HT,DIA,HMR,RPM, VBAR, KSE, DELT,ARHO 
CALL INPUT< 1) 
READ(1, *)C1X, C2X,C1Y,C2Y,ZO,DECAY 
CALL INPUT< 1 ) 
READ (1,*)NHT,NDIA,NEIG,NT,NREV,NFOIL, NLOOP, NPHAX, NDIV,NVECT 
CALL INPUT< 1) 
READ(1,103)ADS 
CALL INPUT< 1) 
READ(1,103)ACL 

103 	 FORMA T< A3) 
IDS=O 
IF( ADS. EQ. ' YES') IDS=1 
ICL=O 
IF(ACL.EQ.' YES') ICL=1 
CALL INPUT( 1) 
READ( 1, *) IPRINT 
RRITE(b, 104)HT,HT/3g. 37 
RRITE(b,108)DIA, DIA/3g. 37 
RRITE(b, 110)HMR, HMR/3g. 37 
RRITE(b, 10g)RPM, RPH/g. 54g 
KRITE(b,117)VBAR, VBAR/2. 237 
KRITE( b, 111) RSE 
RRITE( b, 112) ARHO 
RRITE( b, 121) DEL T 
HRITE( b, 11 b) NHT 
KRITE( b, 115) NDIA 
RRITE( b, 122) C1 X 
KRITE( b, 123) C2X 
RRITE( b, 128) C1 Y 
KRITE( b, 12g) C2Y 
KRITE( b, 124) ZO 
RRITE( b, 125) DECAY 
KRITE( b, 113) NEIG 
HRITE(b,132)NVECT 
KRITE( b, 114) NT 
KRITE(b,11B)NREV 
KRITE(b,11g)NPHAX 
KRITE( b, 130) NDIY 
RRITE(c,120)NLOOP 
HRITE( c, 131) ADS 
KRITE(c,133)ACL 
KRITE(b,134) IPRINT 

104 FORMAT(' ROTOR HEIGHT :',Fb.1,' INS =',F5.1,' M') 

108 FORHAT(' ROTOR DIAHETER :' , Fc. 1,' INS :', F5. 1,' M') 

10g FORHAT(' ROTOR SPEED =', Fb.1,' RPH =', F5. 3,' RAD/S' 
1 ) 
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110 	 FORMAT(' MID-ROTOR HEIGHT =' , Fb. 1,' INS =', F5. 1,' M') 
111 	 FORMAT(' HIND SHEAR EXPONENT =',Fb.3) 
112 	 FORMAT(' AIR DENSITY =' , Fb. 4,' LBI FT3' ) 
113 	 FORMAT(' NO OF EIGENVECTORS USED =' ,Ib) 
114 	 FORMAT(' NO OF DIVISIONS IN CYCLE =', Ib) 
115 	 FORMAT(' I LAT DIV IN HIND ARRAY =',Ib) 
11 b 	 FORMAT(' j~ VERT DIV IN HIND ARRAY =', Ib) 
117 	 FORMAT(' MID ROTOR HINDSPEED =',Fb.1,' MPH =',F5.1,' MIS') 
118 	 FORMAT(' NO OF ROTOR REVOLUTIONS =' ,10) 
119 	 FORMAT(' MAX PER-REV MULTIPLE =' ,10) 
120 	 FORMAT(' I ENSEMBLE VALUES =' ,10) 
121 	 FORMAT(' TIME SERIES: DELTA T =' , Fb. 3,' SECS') 
122 	 FORMAT(' FROST & TURNER: C1X =',Fo.3) 
123 	 FORMAT(' FROST & TURNER: C2X =' , Fb. 1) 

128 	 FORMAT(' FROST & TURNER: C1 Y =', Fb. 3) 
129 	 FORMAT(' FROST & TURNER: C2Y =',Fo.1) 
124 	 FORMAT<' SURFACE ROUGHNESS =' ,Fo. 3,' H') 
125 	 FORMAT(' DECAY COEFFICIENT FOR CSDs=' ,Fo.3) 
120 	 FORMAT(/,, LENGTH OF KINDSPEED SERIES=' ,10) 
127 	 FORMAT(' LENGTH OF LOAD SERIES =' ,Ib) 
130 	 FORMAT(' OUTPUT: I DIVISIONS/CYCLE =',10) 
131 	 FORMAT(' DYNAMIC STALL? ',A3) 
133 FORMAT(' COLUMN LOADING? ',A3) 
134 FORMAT(' PRINT OPTION 1~ FOR CSDs =',10) 
132 FORMA T(' j~ EIGENVECTORS IN SOLUTION=', Ib) 

C select length of time se~ies (to nea~est pOHe~ of 2) 
TIME=NREV*oO. IRPM 
NTRAN=(TIME+DIA*1.0/VBAR/17.0)/DELT 
NB=O 

1 NB=NB+1 
IF(2**NB. LT. NTRAN) GO TO 1 
NTRAN=2**NB 
HRITE(o, 12b)NTRAN 
HRITE(0,127)NREV*NT 

C 

C ~ead data on ai~foil names,cho~ds, densities, conc. masses, ht f~om mid-rotor 
C 

CALL INPUT(1) 

KRITE(b,105) 


105 FORMAT(/,' AIRFOIL TYPE CHORD(IN) START-HT( IN)' ) 
DO 2 1=1, NFOIL 
READ( 1,107) TYPE( Il , CH( I) , FHT( I) 

2 HRITE( 0, 107) TYPE( I) , Cn( I) , FHT( I) 
107 FORMAT(A8,F10. 2,F10. 2) 
C read in mode numbers and critical damping factors (default 0.01 ) 

DO 4 1=1, NEIG 
4 DAMP(I)=0.01 

HRITE( b, 102) 
102 FORMAT(/,' MODE CRITICAL DAMPING') 

CALL INPUT(1) 
3 	 READ(1,*)ILAM,CRIT 

DAMP(ILAM)=CRIT 
RRITE(0,101)ILAM,DAMP(ILAM) 

101 FORMAT( 14, F1 0.2) 
READ( 1, 100) AI 

100 FORMAT( A1) 
IF(AA.NE.' $') THEN 

BACKSPACE 
GO TO 3 

ENDIF 
RETURN 2-83
END 
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c 
SUBROUTINE READ2 

c 
C reads geometry data and writes to unit 16 

CHARACTER"8 TYPE 
CHARACTER"4 AA 
COMMON/ALPHA/TYPE(5) 
COMMON/GEOM/HT,DIA,HMR, NHT, NDIA,NZH,NT, NREV,NEIG,NLOOP,NPMAX, NDIV 

1 , NVECT, NCOL 
COMMON/ROTOR/R(40),Z(40),RPH,CH(5), FHT(5), NFOIL,INDEX(40),DAMP(30) 

1 ,INDEXC(20), ZCOL(20),DCOL(20) 

NZH=1 

NCOL=-1 

READ(5,100)AA 


100 FORMAT( A4) 
IF(AA.NE. 'ENDD') THEN 

IF(AA. NE.' GRID') GO TO 
3 BACKSPACE 5 

READ(5, 101)II,RR,ZZ, DC 
101 FORMAT(8X,I8,8X,F8.2,8X,FB. 2,24X,FB. 2) 

IF(II. GE. 100. AND. II. LT. 200) THEN 
C blade no 1 coords 

NZH=NZH+1 
I NDEX( NZ H) =II 
R( NZ H) =RR 
Z( NZH) =ZZ 
IF( RR. GT. DIA/2.) I!RITE( 6, ")' READ2: R > RADIUS' 

C column coordinates 
ELSEIF(II. GE. 2. AND. II. LT. 100) THEN 


NCOL=NCOL+1 

INDEXC(NCOL+1)=II 

ZCOL(NCOL+1)=ZZ 

DCOL(NCOL+1)=DC 


ENDIF 

GO TO 1 


ENDIF 

C top and bottom blade nodes 

R( 1) =0. 
R( NZH+1 ) =0. 
Z( 1) =-HT/2. 
Z( NZH+1) =HT/2. 

C fill in missing column diameters using linear interpolation 
JJ1=0 

62 JJ1 =JJ1 +1 
63 II=JJ1 
64 II=II+1 

IF(II.LE. NCOL+2) THEN 

IF(DCOL(II). EQ.O.O) GO TO 64 

IF(II. LE.JJ1+1) GO TO 62 

JJ2=II 
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G=(DCOL(JJ2)-DCOL(JJ1»/(ZCOL(JJ2)-ZCOLlJJ1»
K1 =JJ1 +1 
K2=JJ2-1 
DO b1 KK=K1,K2 

b1 DCOL(KK)=DCOL(JJ1)+G*(ZCOL(KK)-ZCOLlJJ1» 
IF(JJ2.LT.NCOL) THEN 

JJ1=JJ2 
GO TO b3 

ENDIF 
ENDIF 

C w~ite geomet~y details 
l!RITE(b,103)NZH 
l!RITE(b,102)NCOL 

103 FORMA T( /,' JI: OF ELEMENTS PER BLADE =' • Ib) 
102 FORMAT(' TOTAL jF OF COLUMN ELEMENTS ='. Ib) 

RETURN 
END 

2-85 




C 
SUBROUTINE SIJ(ILOOP,IXYl 

C 
C generates the spectral densities of turbulence for the rectangular spatial 
C array based on the coherence function given by Frost & Turner"and used 
C by P Veers. Note: csd is assumed real. Val ues are stored in col umns 
C of TRH using alternate rORS. This routine uses S.1. units. 

COMMON/GEOM/HT,DIA,HMR,NHT,NDIA,NZH,NT,NREV,NEIG,NLOOP,NPMAX,NDIV 
1, NVECT, NCOL 

COMMON/RND/VBAR, RSE,C1X,C2X,C1Y,C2Y,ZO,DECAY,DELT,NTRAN,VBARZ,ARHO 
COMMON/SPECT/S(25b,5l, TRH(25b, 13b,2l, VTUBE(512,2) 
DIMENSION RORK(25b) 
NN=( NHT+1 1"'( NDIA+1 1 
NSP=NN"'( NN+1 112 
DELHT=HT/NHT 
DELF=1./NTRAN/DELT 

C determine turbulence intensity at mid-rotor 
IF(ILOOP. EQ. 1) THEN 


H=HMR 

V=VBAR 

CALL MODEL(H, V, HORK,IXYl 

RMS=O. 0 


DO 70 M=2,NTRAN/2 
70 RMS=RMS+HORK(Ml 

RMS=SQRT(RMS"'DELFl"'2.237 
IF(IXY.EQ.1J THEN 

RRITE(b,100lRMS,RMS/VBAR 
100 FORMAT(/,'MID-ROTOR LONGITUDINAL TURBULENCE', I, , STANDARD', 

, DEVIATION =',Fb.2,' MPH',I,' COEFF OF VARIATION =',Fb.2) 
ELSE 

RRITE(b, 101lRMS, RMS/VBAR 
101 FORMAT(/,' MID-ROTOR LATERAL TURBULENCE' ,f,' STANDARD' 

'DEVIATION =',Fb. 2,' MPH' ,I,' COEFF OF VARIATION =',Fb. 2) 
ENDIF 

ENDIF 
C establishes the (continuous 1-sidedl paRer spectral densities for NHT+1 
C vertical levels. PSD stored in S( i, j). 

DO 30 1=1, NHT+1 

H=HMR-HT/2. +(I-1l"'DELHT 

V=VBAR"'(H/HMRJ"''''RSE 


C 
CALL MODEL(H, V, HORK,IXY) 

C 
DO 40 J=1,NTRAN/2 

40 S(J,IJ=RORK(J) 
30 CONTINUE 
C loop on frequencies 

DO 10 M=1,NTRAN/2 

FR=( Ml '" DELF 

IROR=2"'M-1 


C loop on array height 
DO 20 1=1, NHT+1 

C loop on array Ridth 
DO 20 J=1, NDIA+1 

C location index 
IND1=(I-1l"'(NDIA+1J+J 

C loop for 2nd location 
DO 20 K=1, I 
DO 20 L=1, NDIA+1 
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IF(IND2. LE. IND1) THEN 
C index for storage in TRR columns 

INDX=IND1*(IND1-1l/2+IND2 
C distance betNeen pairs of points 

DX=DIA/NDIA 

DZ=HT/NHT 

DIST=SQRT«DZ*(I-K))**2+(DX*(J-Lll**2)/39.37 

C coherence function. Note, DELF/2 factor converts 1-sided continuous 
C spectrum to 2-sided disrete spectrum. 

GAHHA=EXP( -DECAY*FR*DISTlVBAR/. 477) 

IF(GAHHA. LT. 1. E-10) GAHHA=O.O 

TRR(IROH,INDX, IXYl=SQRT(GAHHA*S(H,I)*S(H,K))*DELF/2. 

ENDIF 


20 CONTINUE 
10 	 CONTINUE 

RETURN 
END 
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C 
SUBROUTINE SMOOTH(IDS, ICL) 

C 
C This routine organizes an ensemble of spectra for modal loads 

COMMON/EIGEN/EIGV(SO,3, 22), GLOAD(25b,22) , EVALUE(22),IGLOAD(22) 
COMMON/GEOM/HT,DIA,HMR,NHT,NDIA,NZH,NT,NREV,NEIG,NLOOP,NPMAX,NDIV 

1,NVECT,NCOL 
COMMON/ROTOR/R(40),Z(40),RPM,CH(5), FHT(5), NFOIL,INDEX(40),DAMP(30) 

1 ,INDEXC(20), ZCOL(20), DCOL(20) 
COMMON/HND/VBAR, HSE,C1X,C2X,C1Y,C2Y,ZO,DECAY,DELT,NTRAN,VBARZ,ARHO 
DIMENSION HORK(25b), HORK2(32) 
NL=NT*NREV 

C loop on whole process to generate ensemble 
XSEED=O. 5 
IOUT=O 

DO 10 ILOOP=1,NLOOP 

XRAN=RANOOM(XSEED) 


C generate longitudinal (IXY=1) and lateral (IXY=2) time series 
DO bO IXY=1,2 
CALL SIJ(ILOOP,IXY) 
CALL OECOMP(IXY) 
CALL OFT(XSEEO,IXY) 

bO CONTINUE 
C OMST 	 aerodynamics 

CALL STUBE(IOS,ICL) 
CALL SPECTRA(ILOOP, lOUT) 
HRITE(*,*)' COMPLETED LOOP I',ILOOP 

10 CONTINUE 
RETURN 
END 
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C 
SUBROUTINE SPECTRA(ILOOP, lOUT) 

C 

C gene~ates the auto and c~oss spect~al densities of modal loads 
COHHON/GEOH/HT,DIA,HHR,NHT,NDIA, NZH, NT, NREV,NEIG,NLOOP,NPMAX,NDIV 

1, NVECT, NCOL 
COHHON/EIGEN/EIGV(80, 3, 22), GLOAD(256, 22),EVALUE(22),IGLOAD(22) 
COMMON/SPECT/S(256,3), TRH(256, 136,2), VTUBE(512, 2) 
DIMENSION U(256), V(256) 
NL=NREV*NT 
NSP=NEIG*(NEIG+1) 12 

c loop fo~ FFTS of modal loads 
DO 10 I=1,NEIG 


DO 11 H=1, NL 

V( H) =0. 0 


11 U(H)=GLOAD(H,I) 
IN=O 
CALL FFT842(IN,NL, U, V) 

DO 12 	H=1, NL/2 
GLOAD(2*M-1,I)=U(H)/NL 

12 GLOAD(2*H,I)=V(H)/NL 
10 CONTINUE 
C ~ead in p~evious CSDs ( o~ ze~o) 

REIIIND 8 
IF(ILOOP.GT.1) THEN 

DO 70 M=1,NL/2 
DO 70 I=1,NSP 

70 READ( 8, 106) (TRH( I, H, K), K=1, 2) 
ELSE 


DO 80 M=1,NL/2 

V( H) =0. 0 


DO 80 I=1,NSP 
DO 80 K=1,2 

80 TRH(I,H,K)=O.O 
ENDIF 

C gene~ate and sto~e psds and csds in TRH mat~ix. 

DO 20 J=1,NEIG 

DO 20 I=1,J 

ICOL=J*(J-1)/2+I 


C loop on f~equency inte~vals; gene~ate 1-sided disc~ete pORer spectrum 
DO 30 H=1,NL/2 
H1 =2*M-1 
H2=2*M 
CSD1=2.*(GLOAD(H1, J)*GLOAD(M1, I)+GLOAD(M2,J)*GLOAD(M2,I» 
CSD2=2. *(GLOAD(H1,J)*GLOAD(M2, I)-GLOAD(M2,J)*GLOAD(H1,I» 
IF( M. EO. 1) THEN 

CSD1 =CSD1 12. 
CSD2=CSD2/2. 

ENDIF 
TRH(ICOL,M,1)=(TRH(ICOL,M,1)*(ILOOP-1)+CSD1)/ILOOP 

30 TRH(ICOL,H,2)=(TRH(ICOL,M,2)*(ILOOP-1)+CSD2)/ILOOP 
20 	 CONTINUE 

IOUT=IOUT+1 
IF(IOUT. EO. NLOOP) THEN 

IOUT=O 
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IOUT=O 
C re-order GLOAD vectors on basis of total variance (measured by TRH) 

DO 'l1 1=1, NEIG 

V(I)=O.O 

DO 'l1 M=1,NREV*NPMAX+1 


V( Il =V( I) +TRH( 1*( 1+1) 12, M, 1) 


'l1 U(I)=V(I) 

DO 'l3 II=1, NEIG 

A=O.O 

DO 'l2 1=1, NEIG 

IF( V( Il. GT. A) THEN 


J=I 

A=V(I) 


ENDIF 

CONTINUE 

IGLOAD( II) =J 


V(J)=O.O 


IIRITE( b, 11 g) 

11'l FORHAT( I,' RE-ORDERING OF HODES', I,' ORDER HODEl~ VARIANCE') 
IIRITE( b, 11 B) (I, IGLOAD( Il, U( IGLOAD( I» , 1=1, NEIG) 

11B FORHAT(I4,1b,E10.3) 

RRITE(b,101)ILOOP 

101 FORMAT( I,' ENSEHBLE MEAN AT LOOP NO.', 13) 
C IIR1TE( b, 105) (1-1,1=1, B), (1,1=1,7) 

105 FORMAT( I,' MODE', 15X,' VARIANCE AT HARMONICS', 32X,' TOTAL', 10X, 

'% RANDOM VARIANCE', I, 3X, 8IB, 10X, nB) 

IIRITE(b,*)' HODE TOTAL VAR TOT RAN VAR %RAN' 

GTOTAL=O.O 

GRAN=O.O 

DO 81 1I=1,NVECT 

I=IGLOAD( III 


TOTAL=O.O 


RAN=O. 0 


IC=O 


DO B2 M=1,NREV*NPMAX+1 


V( 1'1) =TRH( 1*( 1+1) 12,1'1,1) 


1C=1C+1 


IF(IC.EQ. NREV. OR. M. EQ. 1) THEN 


IC=O 


ELSE 


RAN=RA N+V( H) 


ENDIF 


82 TOTAL=TOTAL+V(H) 

GTOTAL=GTOTAL+TOTAL 

GRAN=GRAN+RAN 

IIR1TE(b, 107)1, I, TOTAL, RAN, RAN/TOTAL*100. 

107 FORMAT( 13,',',12, 2E11. 2, F7.1) 

81 CONTINUE 

DO 83 JJ=2,NVECT 

J=IGLOAD( JJ) 


DO B3 II=1, JJ-1 


I=IGLOAD( II) 


ICOL=J"( J-1) 12+1 

IF( 1. GT. J) ICOL=1"( 1-1) 12+J 

TOTAL=O.O 


RAN=O. 0 


IC=O 


DO B4 M=1,NREV"NPHAX+1 

V(M)=SQRT(TRH(ICOL,H,1l"*2+TRH(1COL,M,2)**2) 

IC=IC+1 
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IF(IO. EQ. NREV. OR. H. EQ.1) THEN 
IC=O 

ELSE 
RAII=RAII+V( H) 

EIIDIF 
Bli TOTAL=TOTAL+V(H) 

GTOTAL=GTOTAL+TOTAL 
GRAII=GRAII+RAII 
RRITE(0,107)I,J, TOTAL,RAII,RAII/TOTAL*100. 

S 3 COIlTI IIUE 
RRITE(0,10S)GTOTAL,GRAN 

108 FORHAT(/,'GRAIID TOTAL OF VARIAIICE =' ,E'l.3,1, 
1 'TOTAL RANDOH VARIAIICE =' ,E'l. 3) 

EIIDIF 
C Nrite csds onto storage 

RERIIID B 
DO 1.)0 H=1,IIL/2 

DO 'l0 I=1,NSP 
'l0 RRITE( 8, 100) (TRH( I, H, K), K=1, 2) 
100 FORHAT(2E12.0) 

RETURII 
EIID 
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C 
SUBROUTINE STUBE(IDS, ICL) 

C 
C defines the loop on all streamtubes and calls relevant subroutines. 

COMMON/GEOM/HT,DIA,HMR,NHT, NDIA,NZH,NT,NREV,NEIG, NLOOP,NPMAX, NDlV 
1,NVECT,NCOL 

COMMON/ROTOR/R(40),Z(40), RPM,CH(5), FHT(5),NFOIL, lNDEX(40), DAMP(30) 
1 ,INDEXC(20),ZCOL(20),DCOL(20) 

COMMON/RND/VBAR,RSE,C1X,C2X,C1Y,C2Y, ZO, DECAY, DELT,NTRA N,VBARZ,ARHO 
COMMON/AERO/VDEF, THETA,DTHETA,DEL,COSD,OMEGA, RR, DZ,ARHOG, VRR, 

1V1RR,PI,PORER,FNODE(3), VR,RE1,AS1,PHI 
COMMON/EIGEN/EIGV(80,3,22),GLOAD(25b, 22), EVALUE(22), IGLOAD(22) 
COMMON/SPECT/S(25b,5), TRH(25b,13b,2), VTUBE(512,2) 
Pl=3.1415,)3 
OMEGA=RPM*0.10472 
ARBOG=ARHO/1728./38b. 
KV=2 
GAP=DlA/2.*2.0 
DTHETA=2. *PI/NT 

C zero 	matrices 
NL=NT*NREV 


DO 50 l=1,NEIG 

DO 50 J=1,NL 


50 	 GLOAD(J,l)=O.O 
C loop on blade nodes; set up blade angle 

DO 10 II=2, NZH 
DR=( R( II+1) -R( II-1» 12. 
DZ=( Z( II+1) -Z( II-1» 12. 
DEL=ATAN( DR/DZ) 
COSD=COS( DEL) 
RR=R( II) IDlA*2. 

C determine airfoil type 
KK=NFOIL+1 
KK=KK-1 
IF( FBT( KK). GT. ~BS( Z( II») GO TO 1 

C mean windspeed (in/sec) 
VBARZ=VBAR*«Z(Il)+HMR)/HMR)**RSE*22. 115. *12. 

C loop 	on lateral location 
DO 10 JJ=1,NT/2 
THETA=(JJ-.5)*DTRETA 

C determine distribution of mean Nindspeeds in streamtube 
VRK=VBARZ/DlA*2.IOMEGA 
lNlT=O 
ITURB=O 
PHl=O.O 
lSIGN=+1 
CALL DMST(ISIGN, lI,JJ,KK,KV,ITURB,INIT, IDS) 
VDEF=V1 RRlVRR 

C generate time series for this streamtube 
CALL VSERIES(II, JJ) 

C turbulent floN included. Loop on revolutions for upstream disk 
ITURB=1 
INIT=1 

DO 20 lREV=1,NREV 
C velocity series index for blade .1 


KV=INT«GAP+R(II)*SIN(THETA)+VBARZ*(THETA+2. *Pl*(IREV-1» 
10MEGA)/VBARZ/DELT) 

C load series index for blade j~1 

KL=(IREV-1)*NT+JJ 
C total ambient Nindspeed (non-dimensional) 

VRR=SQRT«VBARZ+VTUBE(KV,1»**2+VTUBE(KV,2)**2) 
PHI=ASIN(VTUBE(KV,2)/VRK) 
VRK=VRK/DIA*2. IOMEGA 2-92 



CALL DHST(ISIGN, II,JJ, KK, KV,ITURB,INIT,IDS) 
C contribution to modal loads 

CALL FHODAL( +1, II, KL) 
C blade * 2 

KV=KV+PI/DELT/OHEGA 

IF( KV. GT. NTRAN) IIRITE( b, *)' KV ) NTRAN' 

KL=KL+NT 12 

VRII=SQRT«VBARZ+VTUBE(KV,1»**2+VTUBE(KV,2)**2) 

PHI=ASIN(VTUBE(KV,2)/VRR) 

VRII=VRII/DIA*2./OHEGA 

CALL DHST(ISIGN, II,JJ,KK,KV, ITURB, INIT,IDS) 

FNODE(1)=-FNODE(1) 

FNODEI2) =-FNODEI2) 

CALL FHODAL(2,II, KL) 


20 CONTINUE 
C column loading 

IFIJJ. EQ. NT/4. AND. ICL. EQ. 1) THEN 
DO 40 IREV=1,NREV 

DO 40 IT=1,NT 
AIT=IT 
TIHE=RPH/bO. *(IREV-1+AIT/NT) 
KV=INTI I GAP+VBARZ*TIHE+RI 11)*(1. -1. IVDEF»)/VBARZ/DELT) 
IF( KV. GT. NT RAN) RRITEI b, *)' KV > NTRAN' 
KL=I IREV-1) *NT+IT 
V=SQRT«VBARZ+VTUBE(KV,1»)**2+VTUBEIKV,2)**2) 
PHIC=ASINIVTUBE(KV,2)/V) 
V=V*VDEF 

C locate neighbouring column nodes 
IC=1 

2 	 IC=IC+1 
IFIZCOL(IC).LT.ZIIIll GO TO 2 
PRESS=ARHOG*V*V*DZ/2. 
THETAC=2.*PI*IT/NT 

40 CALL CHODALIII,KV,KL,IC,PRESS,THETAC,PHIC) 
ENDIF 

C loop for dOKnstream disk 
INIT=O 
ISIGN=-1 

DO 30 IREV=1, NREV 
C blade 1~1 

KV=INT«GAP-RIIIl*SINITHETA)*(2. IVDEF-1.) 
+VBARZ*12. *PI*IREV-THETA)/OHEGA)/VBARZ/DELT) 

IF( KY. GT. NTRAN) RRITEI b, *l' KV > NT RAN' 
VRR=SQRTI(VBARZ+VTUBE(KV, 1)l**2+VTUBEI KV, 2)**2) 
PHI=ASINIVTUBE(KV,2l/VRR) 
VRR=VRR/DIA*2./OHEGA*VDEF 
KL=IREV*NT-JJ+1 
CALL DHSTIISIGN,II,JJ,KK,KV,ITURB,INIT,IDS) 
CALL FHODALI1,II,KL) 

C blade lJ: 2 
KV=KV-PI/DELT/OHEGA 
IF( KV. LT. 1) RRITEI *, *)' RARNING: KV=', KV 
KL=KL-NTl2 
VRII=SQRTI(VBARZ+VTUBEIKV, 1»**2+VTUBEIKV, 2)**2) 
PHI=ASIN(VTUBEIKV,2l/VRRl 
VRR=VRII/DIA*2. 10HEGA*VDEF 
CALL DHST(ISIGN,II,JJ, KK,KV, ITURB, INIT, IDS) 
FNODEI1l=-FNODE(1) 
FNODE(2)=-FNODEI2) 
CALL FHODALI2,II, KL) 

30 CONTINUE 
10 CONTINUE 2-93

RETURN 

END 




END 
C 

SUBROUTINE TAB(ALPHR,CL,CD,CDH,INIT,KKI 
C 
C Accesses the storeo airfoil data and interpolates linearly between 
C Reynolds numbers. Re values are kept constant within a convergence 
C loop. 

COHHON/AIRFOIL/DSET(5,50, 111,DSET1(50,21, RE(5,51, AS(5,51, 
1CDHIN(5,51,NRE(5),TC(51,NA(51,ANG(501 

COHHON/AERO/VDEF,THETA,DTHETA,DEL,COSD,OMEGA,RR,DZ, ARHOG, VRH, 
1V1RH,PI,POHER,FNODE(3), VR,RE1,AS1,PHI 

IF(IN1T. EQ. 01 THEN 
C if only one Re for this airfoil 

!F( NRE( KKI . EQ. 11 THEN 
AS1 =AS( KK, 11 
CDH=CDH1 N( KK, 1) 

DO 10 J=1, NA(KK) 
ANG(JI=DSET(KK, J,1) 
DO 10 K=1,2 

10 DSET1(J,KI=DSET(KK,J,K+11 
ELSE 

RE2=RE1 
1F(RE1. LT. RE(KK, 1» RE2=RE(KK,1) 
1F(RE1.GT.RE(KK,NRE(KKIII RE2=RE(KK,NRE(KKI) 

DO 1 1=2, NRE(KK) 
IF(RE2. LT. RE(KK,1) GO TO 2 
CONTINUE 

2 	 G=IRE2-RE(KK,1-1))/(REIKK,1I-RE(KK,1-11) 
CDH=CDHINIKK,1-11*(1. -GI+G*CDHIN(KK,1) 
AS1 =AS( KK, 1-11 *( 1. -GI +G*AS( KK, II 

DO 4 J=1, NA( KKI 
ANG( J) =DSET( KK, J, 1I 
DO 4 K=1, 2 

4 	 DSET1 I J, Kl =( 1. -G) *DSET< KK, J, 2.*( 1-21 +K+1) +DSET< KK, J, 2*( 1-1) + 
K+11 *G 

END1F 
END1F 
AB=ALPHR*57.2'l5 

C interpolate between angles of attack 
J=O 

3 	 J=J+1 
1F(AB. GT. ANG(J+1)1 GO TO 3 
X=(AB-ANG(JI)/(ANG(J+1)-ANG(J») 
CL=DSET1 ( J, 1 I +X*( DSET1 ( J+1, 1) -DSET1 ( J, 1 I I 
CD=DSET1(J, 2)+X*(DSET1(J+l, 2)-DSET1(J,21)+CDH 
RETURN 
END 
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C 
SUBROUTINE VSERIES(II,JJ) 

C 
C extracts the time series for this streamtube by linear interpolation 
C betNeen the neighbouring locations in the spatial array. 

COHHON/GEOH/HT,DIA,HHR,NHT,NDIA,NZR,NT,NREV,NEIG,NLOOP,NPHAX,NDIV 
1, NVECT, NCOL 

COHHON/ROTOR/R(40),Z(40), RPH,CR(5),FHT(5),NFOIL,INDEX(40),DAHP(30) 
1 ,INDEXC(20),ZCOL(20),DCOL(20) 

COHHON/KND/VBAR, KSE,C1X,C2X,C1Y,C2Y,ZO,DECAY, DELT,NTRAN, VBARZ,ARHO 
COHHON/AERO/VDEF,THETA, DTHETA,DEL,COSD,OHEGA, RR,DZ,ARHOG, VRK, 

1V1RK,PI,POKER, FNODE(3), VR,RE1, AS1,PRI 

COHHON/SPECT/S(256,5),TRR(256, 136, 2), VTUBE(512,2) 


C determine the lONer rON no in array and fractional spacing in interval 
ZZ=Z( II) +HT/2 
IROK=O 
IROK=IROK+1 
ZROK=RT/NHT"IROK 
IF(ZZ.GT. ZROK) GO TO 1 
ZZ=ZZ/HT"NHT-(IROK-1) 

C determine lateral column no. in array 
YY=DIA/2. -R(II) "COS(THETA) 
ICOL=O 

2 	 ICOL=ICOL+1 
YCOL=DIA/NDIA"ICOL 
IF(YY.GT. YCOL) GO TO 2 
YY=YY/DIA"NDIA-(ICOL-1) 

C identify four neighbouring array points 
I1=ICOL+(IROK-1) "(NDIA+1) 
12=11 +1 
13=11 +NDIA+1 
14=13+1 

C select the closest spatial array point 
IF(ZZ. LT. 0.5) THEN 

IF(YY. LT.0.5) TREN 
INO=11 

ELSE 
INO=I2 

ENDIF 
ELSEIF(YY. LT.0.5) THEN 

INO=I3 
ELSE 

IND=I4 

ENDIF 

IND=IND"(IND-1) 12+1 


DO 10 H=1,NTRAN 
C for longitudinal and lateral directions 

DO 10 IXY=1,;2 
10 VTUBE(H,IXY)=TRR(H,IND,IXY)"3Q.37 

RETURN 
END 

2-95 


http:VTUBE(H,IXY)=TRR(H,IND,IXY)"3Q.37
http:IF(YY.GT
http:IF(ZZ.GT


C 
SUBROUTINE ~rT'1(IPRIKT) 

C 
C this routine formulates some of the KASTRAN input and writes onto unit 7 

COMMON/GEOH/HT,PIA,HMR,NHT,NDIA,NZH,NT,NREV,NE1G,NLOOP, NPMAX,ND1V 

1,NVECT,NCOL 


COMMON/ROTOft/Il( ,,0), Z( 40), RPM, CHi 5), FHT( 5), NFOIL, INDEX( 40) ,DAMP( 30) 

1 ,INDEXC(20),ZCOL(20),DCOL(20) 


COMMON/SPECT/S(256,3), TRH(256, 136,2), VTUBE(512,2) 

COMMON/EIGEN/EIGV(30, 3, 22), GLOAD(256, 22), EVALUE(22),IGLOAD(22) 

NF"'NDIV*NPMAX+1 

DELF"'RPM/60./NDIV 

NSP=NEIG*(NEIG+1) 12 

NRD=NREV/NDIV 


C smooth spectra by bracketing 
IF(NRD. GT. 1) THEN 

DO 30 I=1,NSP 

DO 80 M=2,NF 

M1=NRD*(M-2)+2 

SUM1 =0. 

SUM2=0. 


DO qO K=M1,M1+NRD-1 

SUM1=SUM1+TRH(I, K, 1) 


qO SUM2=SUM2+TRH(I,K,2) 
TRH( I, M, 1) =SUM1 
TRH(I,M,2)=SUM2 

80 CONTINUE 
ENDIF 

C suppression of unwanted modes 
IF(NVECT. LT.NEIG) CALL HSUP(NE1G,NVECT,IGLOAD) 

C define dummy load 
IIRITE( 7, 100) 

100 FORMAT(' S',I,'S DEFINITION OF DUMMY LOAD' ,/,'S') 
KR1TE( 7,101) qq, qq, qq, qq, 2, 1, 0.0 

101 FORMAT( , RLOAD1 ',218,1 oX, IB, I, ' DAREA ' ,318, F8. 2) 
IIR1TE( 7,102) qq, O. 0,1.0,100.0,1.0 

102 FORMAT(' TABLED1 ',I8,50X,' +TABD100', I,' +TAB0100' , 4FS. 1,' ENDT' ) 
C frequency response range 

KTAB=1000 
IIRITE( 7, 111) 

111 FORMAT('S',I,'S FREQUENCY RESPONSE RANGE' ,I,'S') 
1F(IPR1NT.EQ.3) THEN 

IIR1TE(7,112)101,0. O,DELF*ND1V, ND1V*(NF-1) 
ELSE 

KRITE(7, 112)101,0. O,DELF, NF-1 
EN01F 

112 FORMAT(' FREQ1 , , IS, 2FB. 5, IB) 
C modal (critical) damping 

IIRITE( 7,113) 
113 FOIlMAn'S',I,'S MODAL DAMPING',/,'S') •

IIRITE( 7,114) 101, KTAB 
114 	 FORMAT('TABDMP1 ',18,' CR1T',48X,' +TAB' ,14) 

I1=-3 
11=11+4 
12=11+3 

2-96 




KTAB=KTAB+1 
IF(I2. LE.NEIG) THEN 

KRITE( 7, 117) KTAB-1, (EVALUE( Ll, DAMP( L), L=11, 12), KTAB 
GO TO 1 

ELSEIF(I2-NEIG. EQ. 1) THEN 
KRITE( 7,118) KTAB-1, ( EVALUE( 1.) , DAMP( Ll , L=I1, 11 +2) 

ELSEIF(I2-NEIG. EQ. 2) THEN 
KRITE( 7, 11 g) KTAB-1, ( EVALUE( L) , DAMP( L) , L=11, 11 +1) 

ELSEIF(I2-NEIG.EQ.3) THEN 
RRITE(7,120)KTAB-1,EVALUE(I1), DAMP(11) 

ELSE 
KR1TE(7,121)KTAB-1 

ENDIF 
117 FORMAT(' +TAB', 14, BF8. 3,' +TAB', 14) 
118 FORMAT(' +TAB' ,I4,bFB. 3,' ENDT') 
11g FORMAT(' +TAB', 14, 4FB. 3,' ENDT') 
120 FORMAT(' +TAB' , 14, 2F8. 3, , ENDT') 
121 FORMAT( , +TAB' , 14, ' ENDT' ) 

CALL KR1TE2(NF,NSP,NRD,DELF,KTAB,1PRINT) 

RETURN 

END 


2-97 




C 
SUBROUTINE IIRITE2( NF, NSP, NRD, DELF, KTAB, IPRINTl 

C 
C this routine formulates the spectra for NASTRAN input 

COHHON/GEOH/HT,DIA,HHR,NHT,NDIA,NZH,NT,NREV,NEIG,NLOOP,NPMAX,NDIV 
1, NVECT, NCOL 

COHHON/SPECT/S(25b,3), TRH(25b,13b,2), VTUBE(512,2) 
COHHON/EIGEN/EIGV(80,3,22),GLOAD(25b,22),EVALUE(22),IGLOAD(22) 
CHARACTER SC(25b) 
DIMENSION 1I0RK(25b),NC(25b) 

C definition of discrete spectral 
HRITE( 7, 103) 

103 FORMAT('S' ,I' $ DEFINITION OF 
KRAN=1000 

DO 20 II=1,NVECT 
IF( II. EQ. 5) IIRITE( 7, 11 b) 

11b 	 FORHAT('ECHOOFF') 
I=IGLOAD( II) 
IC=I*(I+1)/2 
KRAN=KRAN+1 

densities 


DISCRETE PSDS', I,' S') 


HRITE( 7, 1011) 101, I, I, 1.0, KRAN 
1011 FORMAT('RANDPS' ,3I8,F8.1,8X,I8) 

HRITE(7,105)KRAN,KTAB 
105 FORMAT(' TABRND1 ',18, 5bX,' +TAB', III) 

DO 30 M=1, NF 
30 1I0RK(M)=TRH(IC,H,1) 
C reformat vector into condensed exponential format (to fit a-field) 

CALL FORMT(HORK,SC, NC,NF) 
DO 70 J=1, NF/II 
NF1 =( J-1) *11+1 
RRITE(7,10b)KTAB,(DELF*(L-1), HORK( L), SC(L), NC(L), L=NF1,NF1+31, 

KTAB+1 
10b FORMAT(' +TAB', III, 4( F8. 3, Fb. II, A1, 11),' +TAB', 14) 
70 KTAB=KTAB+1 

IIRITE(7,107)KTAB, DELF*(NF-1), HORK(NF),SC(NF), NC(NF) 
107 FORHAT(' +TAB' , 14, F8. 3, Fb. 4, A1, 11, , ENDT') 
20 KTAB=KTAB+1 

HRITE( 7, 115) 
115 FORHAT( , ECHOON' ) 
C total variance of (min) psd 

AMIN=O.O 

I=IGLOAD( NVECT) 

ICOL=I*(I+1)/2 

DO 51 M=1,NF 
51 AMIN=AMIN+TRH(ICOL,M,1) 

IIRITE(b,*)' AMIN=', AMIN 
C definition of cross spectral densities 

IIRITE( 7, 108) 
108 FORMAT('S' ,I,' $ DEFINITION OF (UPPER TRIANGLE) 

1 ' DENSITIES', /, , S' ) 

DO 40 JJ=2,NVECT 

J=IGLOAD( JJ) 

IF( JJ. EQ. 5) HRITE( 7,110) 


DO 40 II=1, JJ-1 

1=1 GLOAD( II) 


CROSS SPECTRAL', 
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C change 	any lOHer triangle to upper triangle components 
III=I 
JJJ=J 
IF( 1. GT. J) THEN 

III=J 
JJJ=I 


ENDIF 

IC=JJJ*(JJJ-1)/2+II1 


C test for total variance > amin 
VAR=O.O 

DO 52 M=1,NF 
52 VAR=VAR+SQRT(TRH(IC, M,1)**2+TRH(IC,M,2)**2) 

IF(VAR. GE. AMIN) THEN 
C print out real components; first +ve then -ve 

DO b2 IS=1,2 
A=( -1.0) **( IS-1) 
VAR=O.O 

DO 50 M=1,NF 
RORK(M)=TRH(IC,M,1)*A 
IF(RORK(M).LT.O.O) RORK(M)=O.O 
VAR=VAR+RORK(M) 

50 	 CONTINUE 
IF(VAR. GE. AMIN/2.) THEN 


CALL FORMT(RORK,SC, NC, NF) 

KRAN=KRAN+1 

RRITE(7,10'l)101,III,JJJ,A,KRAN 


10'l 	 FORMAT(' RANDPS ',3I8,F8. 1,8X,I8) 
CALL PRINT(RORK, SC,NC, NPMAX,NDIV,KTAB,KRAN, DELF, IPRINT) 

ENDIF 
02 CONTINUE 
C print out imaginary components +ve and -ve values 

DO 03 IS=1,2 

A=( -1. OJ **( IS-1) 

VAR=O.O 


DO 60 M=1,NF 
RORK(M)=TRH(IC,M,2)*A 
IF(RORK(M).LT.O.O) HORK(M)=O.O 
VAR=VAR+RORK(M) 

bO 	 CONTINUE 
IF(VAR.GE. AMIN/2.) THEN 


CALL FORMT(RORK,SC,NC, NF) 

KRAN=KRAN+1 

RRITE(7,110)101,III,J,JJ,A,KRAN 


110 FORMAT<' RANDPS ',318, BX, FB. 1,18) 
CALL PRINT(HORK,SC, NC,NPMAX, NDIV, KTAB, KRAN,DELF,IPRINT) 

ENDIF 
03 CONTINUE 

ENDIF 
110 CONTINUE 

HRITE(7,115) 
RETURN 
END 
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$ TRES. DAT supplies basic data for turbulent response of VAWT 
$ 
$ HT, DIA, HMR, RPM, VBAR, KSE, DELT, ARHO in free format 
$ 
1440.0,Qq1. O,QOO. 0,45. 0, 45.0,0. 16,0. 12,0.072B 
$ 
$ C1 X, C2X, C1 Y, C2Y, ZO, DECAY in free format 
$ 
12.30, 1Q2. 0,4. 000, 70.0,0. 10,7. 500 
$ 
$ NHT,NDIA, NEIG, NT,NREV,NFOIL,NLOOP, NPMAX, NDIV, NVECT in free format 
$ 
3,3,22,16,16,3, 1B, 5, B, 20 
$ 
$ INCLUDE DYNAMIC STALL? "YES" OR "NO ", A3 FORMAT 
YES 
$ INCLUDE COLUMN LOADING? "YES" OR "NO ", A3 FORMAT 
YES 
$ select option (1,2,or 3) for printing of cross spectra (free format) 
1 
$ NFOIL(TYPECI), CHCIl, FHTCI» in format AB,2F10.2 
NACA001B 2Q.O 0.0 
NACA0018 264. ° 
NACA001B 432. ° 
$ eigenvalue numbers and associated critical damping factors, free format 
$ default value = 0.01. If no input, enter one dummy line, then end Kith "$" 
5,0.15 
6,0.15 
12, 0. 10 
13,0.10 
$ end 
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NACA0018 DATASET NO 13 FROM NRC (RJT 8 MARCH 1(83) 
2000000.0 14.0 .005 0.18 

O. O. 0 o. 0 
2. .190 .0002 
4. .380 .oooq 
o. .567 .0017 
B. .756 · 002q 

10. · q39 .0033 
12. 1. 111 .0053 
14. 1.210 .0135 
15. 1.054 .0344 
16. · g58 .05B8 
17. · 881 .0837 

1 B. .845 .106g 

1 g. .80g .1280 

20. .784 .1446 
25. .771 · 22q3 
30. .827 .33BO 
35. · g47 .5374 
40. 1.020 .85g 
45. 1.002 1.04g2 
50. 1.052 1.20g 
00. · q11 1.450 
70. .6g6 1. 031 
80. .43g 1.740 

gO. .157 1.7g0 


100. -.130 1.764 
110. -. 402 1.664 
120. -.012 1.450 
130. -. 738 1.172 
140. -. 73B .838 
150. -. 626 .506 
100. -.41 B .216 
170. -.813 .103 
1 BO. O. 0 .020 

NACA0018 RE=4E6 DSET13 NRC MARCH 83 
4000000. 0 15.0 O. 005 .18 

O. O. 0 o. 0 
2. .200 O. 0 
4. .400 O. 0 
o. .5g2 O. 0 
8. .7go O. 0 

10. · gq4 0.0 
12. 1. 1 g3 .0034 
14. 1. 364 . 0187 
15. 1.400 .0213 
10. 1. 133 .1017 
17. · g48 · 13qo 
1 B. · B30 · 1535 

1 'l. .7g2 .17g0 

20. .704 · 201 q 
25. .74g .2704 
30. .7g8 .3874 
35. · g17 .5808 
40. 1.048 .8261 
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10 
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45 

50 

55 

$TITLE =PALM SPRINGS 6400 45RPM, NO CORIOLIS, K=3000 1 
$SUBTITLE= 2 
$LABEL = 3 
$EIGENVECTOR 4 
$REAL OUTPUT 
$SUBCASE ID 6 
$EIGENVALUE .5<)<)2264E+01 MODE 1 7 

G O. O. O. 8 
-CO NT O. O. o. <) 

2 G O. O. O. 
-CONT -8. 460416E-15 o. -1. <)51300E-03 11 

3 G O. 7.741558E-13 O. 12 
-CO NT -7. 558834E-15 O. -1. <)61254E-03 13 

4 G O. 1.453285E-12 O. 14 
-CONT -6.4<)8071E-15 O. -1. 96<)310E-03 

5 G O. 2.026448E-12 O. 16 
-CONT -5. 364753E-15 O. -1. 975923E-03 17 

6 G O. 2.94060<)E-12 O. 18 
-CONT -3.049068E-15 O. -1. <)81334E-03 19 

7 G O. 3.412840E-12 O. 
-CONT -1.30003'lE-15 O. -1. <)85085E-03 21 

8 G O. 3.4<)4677E-12 O. 22 
-CONT 5.448824E-16 O. -1. <)88<)04E-03 23 

<) G O. 3.078412E-12 O. 24 
-CONT 3.2<)2186E-15 o. -1. <)<)4657E-03 

10 G O. 2. 683838E-12 O. 26 
-CONT 4.874<)<)4E-15 O. -1. <)<)4146E-03 27 

11 G O. 2. 128303E-12 O. 28 
-CONT 6.031 <)41E-15 O. -1. 'l93506E-03 29 

12 G O. 1.3'l485<)E-12 O. 
-CONT 8. 56151 2E-15 O. --1. 'l<)2687E-03 31 

13 G O. 1. 22261<)E-12 O. 32 
-CONT 8.580818E-15 O. -1. 'l<)2687E-03 33 

100 G O. -4. 543657E-02 O. 34 
-CONT 4. 7<)7338E-07 O. -1. 'l50<)<)7E-03 

101 G O. -1. 447585E-Ol O. 36 
-CONT 'l.300124E-06 O. -1. <)51070E-03 37 

102 G O. -2. 434272E-Ol O. 38 
-CONT 1. <)65108E-05 O. -1. 957242E-03 3<) 

103 G O. -3. 424556E-Ol O. 
-CONT 2. 55636'lE-05 O. -1. 963388E-03 41 

104 G O. -4.404<)16E-Ol O. 42 
-CO NT 2. 732972E-05 O. -1. 'l70015E-03 43 

105 G O. -5. 362534E-Ol O. 44 
-CONT 2. 560468E-05 O. -1. <)77375E-03 

106 G O. -5. 83<)858E-Ol O. 46 
-CONT 2. 370973E-05 O. --1. 9811 <)7E-03 47 

107 G O. -6. 279056E-Ol O. 48 
-CONT 2. 96<)094E-05 O. -1. 982946E-03 4'l 

108 G O. -7. 162363E-Ol O. 
-CO NT 4.613854E-05 O. -1. 'l887'lOE-03 51 

10<) G O. -7. <)<)9570E-Ol O. 52 
-CONT 4. 765566E-05 O. -2.001440E-03 53 

110 G O. -8.404062E-Ol O. 54 
-CONT 4. 4'l5'l88E-05 O. -2.00'l736E-03 
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111 G O. -8. 73873'lE-01 O. 5b 
-CONT 4. 04S050E-05 O. -2.020712E-03 57 

112 G O. -'l. 324S63E-01 O. 58 
-CO NT 2. 'l7241'lE-05 O. -2. 047'lS4E-03 5'l 

113 G O. -g. 74b347E-01 O. 60 
-CO NT 2. 007732E-05 O. -2.0768'lSE-03 61 

114 G O. -g. 'l6'l7'l8E-01 O. 62 
-CONT 1.33S047E-05 O. -2.0'l'l554E-03 63 

115 G O. -1.000000E+OO O. 64 
-CO NT 1. 07373'lE-05 O. -2.104685E-03 65 

116 G O. -'l. 'l770'l8E-01 O. 6b 
-CONT 8. 25b77'lE-Ob O. -2.104bb1E-03 b7 

117 G O. -'l.76B001E-01 O. b8 
-CONT 2. 75041 7E-Ob O. -2.0'l14b'lE-03 b'l 

118 G O. -'l. 358821 E-01 O. 70 
-CONT -5. 53594bE-06 O. -2. 068658E-03 71 

11 'l G O. ·-8.7S2242E-01 O. 72 
-CONT -1. 611908E-05 O. -2. 04339bE-03 73 

120 G O. -8. 451187E-01 O. 74 
-CONT -2. 127057E-05 O. -2. 032009E-03 75 

121 G O. -S. 049382E-01 O. 76 
-CONT -2. 577973E-05 O. -2.021824E-03 77 

122 G O. -7. 215984E-01 O. 78 
-CONT -2. 913368E-05 O. -2.004337E-03 7'l 

123 G O. -6. 334825E-01 O. 80 
-CONT -1.SS5778E-05 O. -1.9'l2791E-03 81 

124 G O. -5.8'l6183E-01 O. 82 
-CONT -b. 114927E-06 O. -2.000540E-03 83 

125 G O. -5. 418b28E-01 O. 84 
-CONT -7.005402E-Ob O. -1.9'l'lbbbE-03 85 

126 G O. -4. 458b5'lE-01 O. 8b 
-CONT -7.'lb377'lE-06 O. --1. 997520E-03 87 

127 G O. -3. 472'l77E-01 O. 88 
-CONT -7. 44b880E-Ob O. -1. 995170E-03 8'l 

128 G O. -2. 473923E-01 O. 90 
-CO NT -4. 893651E-Ob O. -1. 'l9247BE-03 91 

12'l G O. -1. 474b15E-01 O. 92 
-CO NT 2.0603'l7E-07 O. -1. 'lS'l273E-03 93 

130 G O. -4. 63'l232E-02 O. 94 
-CO NT 5.0654S0E-07 O. -'1. 'l'l25b2E-03 95 

200 G O. 4.543b57E-02 O. 9b 
-CO NT -4. 797338E-07 O. -1. 'l50'l'l7E-03 'l7 

201 G O. 1.447585E-01 O. 'lS 
-CO NT -'l.300124E-Ob O. -1. 'l51070E-03 'l9 

202 G O. 2. 434272E-01 O. 100 
-CO NT -1. 'l6510SE-05 O. -1. 957242E-03 101 

203 G O. 3. 42455bE-01 O. 102 
-CO NT -2. 55b3b9E-05 O. -1.'lb3388E-03 103 

204 G O. 4. 404'l1 bE-01 O. 104 
-CO NT -2. 732'l72E-05 O. -1. 'l70015E-03 105 

205 G O. 5. 3b2534E-01 O. 10b 
-CONT -2.5b04b8E-05 O. -1. 977375E-03 107 

20b G O. 5. 83'l85BE-01 O. 108 
-CONT -2. 370'l73E-05 O. -1. 9811'l7E-03 10'l 

207 G O. 6. 27'l05bE-01 O. 110 
-CO NT -2. 'lb'l0'l4E-05 O. -1. 982'l4bE-03 111 

20B G O. 7.162363E-01 O. 112 
-CO NT -4. b13854E-05 O. -1. 9887'lOE-03 113 

209 G O. 7. g'l'l570E-01 O. 114 
-CONT -4. 765566E-05 O. -2.001440E-03 115 
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210 G o. 8. 1104062E-01 O. 116 
-CONT -4. 4'l5'l88E-05 o. -2.00'l736E-03 117 

211 G O. 8. 73873'lE-01 o. '18 
-CONT -II. 04B050E-05 O. -2.020712E-03 11 'l 

212 G O. 'l.324B63E-01 O. 120 
--CONT -2. 'l7241'lE-05 O. -2. 047'l811E-03 121 

213 G O. 'l. 746347E-01 O. 122 
-CO NT -2. 007732E-05 O. -2. 076B'l8E-03 123 

214 G o. 'l. 'l6'l7'l8E-01 O. 1211 
-CO NT -1. 338047E-05 O. -2. 0'l'l5511E-03 125 

215 G O. 1.000000E+00 O. 126 
-CONT -1.07373'lE-05 O. -2.104685E-03 127 

216 G O. 'l. 'l770'l8E-01 O. 128 
-CONT -B. 25677'lE-Ob o. -2.104661E-03 12'l 

217 G o. 'l.76B001E-01 O. 130 
-CO NT -2. 750417E-06 O. -2.0'l146'lE-03 131 

21B G o. 'l.35B821E-01 o. 132 
-CONT 5. 535'l46E-06 O. -2. ObB658E-03 133 

21 'l G O. B. 7B2242E-01 o. 134 
-CONT 1. b11'lOBE-05 O. -2. 0433'lbE-03 135 

220 G o. 8.1151187E-01 O. 136 
-CONT 2.127057E-05 O. -2. 03200'lE-03 137 

221 G O. 8.04'l3B2E-01 O. 138 
-CONT 2. 577'l73E-05 O. -2. 0218 24E-03 1 3'l 

222 G o. 7.215'lB4E-01 O. 140 
-CONT 2.'l1336BE-05 O. -2. 00ll337E-03 141 

223 G O. 6. 334825E-01 O. 142 
-CONT 1. B8577BE-05 O. -1. 'l'l27'l1E-03 143 

224 G o. 5. 8'l61 B3E-01 O. 1114 
-CONT b. 11 II'l27E-Ob O. -2. 000540E-03 145 

225 G o. 5. 41 Bb28E-01 O. 146 
-CONT 7.005402E-06 O. -1. 'l'l'l6b6E-03 147 

226 G o. 4. 45865'lE-01 o. 14B 
-CONT 7.'l6377'lE-06 O. -1. 'l'l7520E-03 14'l 

227 G o. 3. 472'l77E-01 O. 150 
-CONT 7. 446880E-06 o. -1.'l'l5170E-03 151 

228 G O. 2.473'l23E-01 O. 152 
-CONT 4.8'l3651E-06 O. -1. 'l'l2478E-03 153 

22'l G O. 1.474615E-01 o. 154 
-CONT -2.0b03'l7E-07 O. -1. 'l8'l273E-03 155 

230 G o. 4. b3'l232E-02 o. 156 
-CO NT -5.0654BOE-07 o. -1.'l'l2562E-03 157 

300 G O. -2. 'l17'lB2E-01 O. 15B 
-CONT 1.1B3'l74E-05 O. -1.'l7'lll45E-03 15'l 

305 G o. II.183'l87E-12 O. 160 
-CONT -5. 364753E-15 O. -1. 'l75'l23E-03 1b1 

310 G O. 2.'l17'lB2E-01 o. 1b2 
-CONT -1. 183'l711E-05 O. -1.'l7'l4115E-03 163 

400 G O. -2. 'l45'l13E-01 O. 1611 
-CONT -3.055512E-06 O. -1. 'l'lB52bE-03 165 

IIO'l G o. 4. b1 'l135E-12 O. 166 
-CONT 3.2'l2186E-15 O. -1. 'l'l4657E-03 1b7 

410 G O. 2.'lll5'l13E-01 O. 1bB 
-CONT 3.055512E-06 O. -1. 'l'lB526E-03 1 b'l 

2000 G O. O. O. 170 
-CONT O. O. O. 171 
$TITLE =PALM SPRINGS b400 115RPM, NO CORIOLIS, K=3000 172 
$SUBTITLE= 173 
$LABEL 174 
$EIGENVECTOR 2-107 175 



$REAL OUTPUT 176 
$SUBCASE ID 177 
$EIGENVALUE . 0857040E+02 MODE 2 178 

G O. o. O. 179 
-CO NT- o. O. O. 180 

2 G O. O. O. 181 
-CO NT- -7. 1701 08E-04 O. 9. 936337E-15 182 

3 G o. o. 723824E-02 o. 183 
-CONT- -6.708198E-04 O. 1. 030342E-14 184 

4 G O. 1.284699E-01 o. 185 
-CONT- -5. 938177E-04 O. 1. 000729E-14 186 

5 G O. 1.813022E-01 o. 187 
-CONT- -4. 986b36E-04 o. 1.08500bE-14 188 

6 G O. 2.ob9915E-01 O. 189 
-CO NT- -2. 864449E-04 O. 1.092268E-14 190 

7 G o. 3. 108b28E-01 O. 191 
-CO NT- -1. 153568E-04 O. 1. 0968 27E-1 4 192 

8 G o. 3.162276E-01 o. 193 
-CONT- b. 288997E-05 O. 1.10175bE-14 194 

9 G O. 2.75b917E-01 o. 195 
-CONT- 3. Ob4700E-04 O. 1. 1101 96E-14 1 90 

10 G O. 2.400257E-01 O. 197 
-CONT- 4.259010E-04 o. 1.010499E-14 1 98 

11 G O. 1.935103E-01 O. 199 
··CONT- 5.302815E-04 O. 8.853785E-15 200 

12 G O. 1. 382960E-01 O. 201 
-CONT- 6.042504E-04 O. 7. 255492E-15 202 

13 G O. 1.261093E-01 o. 203 
-CO NT- 0.061b07E-04 O. 7.255492E-15 204 

100 G O. 1. 523087E-02 o. 205 
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$ 

BEGIN BULK 
$ 

$ SANDIA 17M LOW COST 
$ 
$ BLADE NODES 
$ 

GRID 100 
GRID 101 
GRID 102 
GRID 103 
GRID 104 
GRID 105 
GRID 106 
GRID 107 
GRID 108 
GRID 109 
GRID 110 
$ 

$ BLADE 2 NODES 
$ 

GRID ;'00 
GRID 201 
GRID 202 
GRID 203 
GRID 204 
GRID 205 
GRID 206 
GRID 207 
GRID 208 
GRID 209 
GRID 210 
$ 

(ROUGH MODEL) TR2BUL 


45.20 
136.27 
219.93 
288.85 
330.39 
336.00 
330.39 
288.85 
219.93 
136.27 

45.20 

-45.20 
--136.27 
-219.93 
-288.85 
-330.39 
-336.00 
-330.39 
-288.85 
-219.93 
-136.27 

--45.20 

$ BLAOE 1 CONNECTIONS 
$ 

CBEAM 100 100 2 
CBEAM 101 101 100 
CBEAM 102 101 101 
CBEAM 103 101 102 
CBEAM 104 101 103 
CBEAM 105 101 104 
CBEAM 106 101 105 
CBEAM 107 101 106 
CBEAM 108 101 107 
CBEAM 109 101 108 
CBEAM 110 101 109 
CBEAM 111 100 110 
$ 

$ BLAOE 2 CONNECTIONS 
$ 

CBEAM 200 100 2 
CBEAM 201 101 200 
CBEAM 202 JOl 201 
CBEAM 203 101 202 
CBEAM 204 101 203 
CBEAM 205 101 204 
CBEAM 206 101 205 
CBEAM 207 101 206 
CBEAM 208 101 207 
CBEAM 209 101 208 

-455.00 
-370.00 
-279.00 
-177.00 
-61.00 

.00 
61.00 

177.00 
279.00 
370.00 
455.00 

-455.00 
-370.00 
-279.00 
-177.00 
-61.00 

.00 
61.00 

177.00 
279.00 
370.00 
455.00 

100 -1.0 
Hll -1.0 
102 -1 . I) 
103 -1.0 
104 -1.0 
105 -1.0 
106 -1.0 
107 -1.0 
108 -1.0 
109 -1.0 
110 -1.0 

6 -1.0 

200 -1.0 
201 -1.0 
202 -1.0 
203 -1.0 
2011 -1. 0 
205 -1.0 
206 -1.0 
207 -1.0 
208 -1.0 
209 -1.0 
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CBEAM 210 101 209 210 -1.0 
CBEAM 211 100 210 6 -1.0 
$ 

$ COLUMN GRID POINTS 
$ 

GRID 2 -495.50 123 24.00 
GRID 3 -247.75 0 .00 
GRID 4 .00 0 24.00 
GRID 5 247.75 0 .00 
GRID 6 495.50 0 24.00 
GRID 7 515.50 0 12.00 
$ 

$ COLUMN CONNECTIONS 
$ 

CBEAM 2 2 2 3 1.0 
CBEAM 3 3 3 4 1.0 
CBEAM 4 4 4 5 1.0 
CBEAM 5 5 5 6 1.0 
CBEAM 6 6 6 7 1.0 
$ 

$ CONCENTRATED MASSES 
$ 

CONM2 7 7 495.50 
$ 

$ SECTION PROPERTIES - BLADES 
$ 

PBEAM 101 20 13.90 20.3 680.0 80.0 'PlfllA 
+Pl01A .00 -10.80 .00 13.20 1.80 .00 -1.80 .00+P101f:l 
+P1D1B YESA 1.00 
PBEAM 100 20 50.00 500.0 10000.0 600.0 
$ PROPERTIES OF COLUMN 
PBEAM 2 10 18.00 1356.0 1356.0 2712.0 +P12A 
+P12A .00 12.00 .00 -12.00 12.00 .00 -12.00 .00+P12B 
+P12B YESA 1.00 
PBEAM 3 10 18.00 1356.0 1356.0 2712.0 +P13A 
+P13A .00 12.00 .00 -12.00 12.00 .00 -12.00 .00+P13B 
+P13B YESA 1.00 
PBEAM 4 10 18.00 1356.0 1356.0 2712.0 +P14A 
+P14A .00 12.00 .00 -12.00 12.00 .00 -12.00 .00+P14B 
+P14B YESA 1.00 
PBEAM 5 10 18.00 1356.0 1356.0 2712.0 +P15A 
+P15A .00 12.00 .00 -12.00 12.[10 .00 -12.00 .00+P15B 
+P15B YESA 1.00 
PBEAM 6 10 18.00 1356.0 1356.0 2712.0 +P16A 
+P16A .00 12.00 .00 -12.00 12.00 .00 -12.00 .00+P16B 
+P16B YESA 1.00 
$ 

$ MATERIAL PROPERTIES 
$ 

MATl 10.290E+08.115E+08 .283 
MATl 20.106E+08.376E+07 .098 
$ 

$ (PSEUDO) STATIC LOADS: ROTATION, GRAVITY & GUYS 
RFORCE 13 .867 .0 .0 1.0 2 
GRAV 12 386.0 -1.0 
FORCE 11 7 30000. -1.0 
$ 

PARAM WTMASS .00259 
$ 

$ UPPER RESTRAINT 
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$ 
GRID 2000 515.50 123456 
CELAS2 2001 10000. 7 1 2000 1 
CELAS2 2002 10000. 7 2 2000 2 
$ 
$ LOWER RESTRAINT 
$ 
GRID 1 -495.50 123456 
CELAS2 1000.500E+08 2 6 6 
CDAMP2 1001.100E+07 2 6 6 
$ 
LOAD 100 1.0 1.0 11 1.0 12 1.0 13 
$ 
EIGC l1HESS MAX +EIGCl 
+EIGCl .0 10.7 .0 13.2 3.0 1 12 
EIGR,21,MGIV, ,,30,30, ,,+EIGRl 
+EIGR1,MASS 
$ 
$ASET1,12,4,6 
$ASET1,123,101,103,105,107,109 
$ASET1,123,201,203,205,207,209 
$ 
$PARAM,RESDUAL,-i 
$PARAM,NEWDYN,-l 
$PARAM,SEMAP1,-1 
$PARAM,LMODES,22 
$PARAM,DDRMM,-l 
$PARAM, G, .02 
$ 
$ ROTATING FRAME EFFECTS 
$ 
PARAM OMEGA 5.445 
OMI SKEW 0 1 1 0 6 6 
OMI SKEW 2 1 -1.00 
DMI SKEW 1 2 +1.00 
DMI SYM 0 6 1 (I 6 6 
DMI SYM 1 1 1.00 
OMI SYM 2 2 1.00 
OMIG SOFTNING 0 6 1 0 
OMIG SOFTNING 4 1 4 1 .lE-09 
OMIG CORIOl 0 1 1 0 
OMIG CORIOl 4 1 4 2 .lE-09 
DMIG CORIOl 4 2 4 1 .lE-09 
$ 
ENDOATA 
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TRES. CALCULATION OF ROTOR AERODYNAMIC LOADS UNDER TURBV~~~T WINDS 
D.J.MALCOLM, APRIL 1986 

ROTOR HEIGHT =1440.0 INS = 36.6 M 
ROTOR DIAMETER = 991.0 INS = 25.2 M 
MID-ROTOR HEIGHT = 900.0 INS = 22.9 M 
ROTOR SPEED = 45.0 RPM =4.713 RADIS 
MID ROTOR WINDSPEED = 45.0 MPH = 20.1 MIS 
WIND SHEAR EXPONENT = .160 
AIR DENSITY = .0728 LB/FT3 
TIME SERIES: DELTA T = .120 SEes 
j:j VERT DIV IN WIND ARRAY : 1 
II LAT OIV IN WIND ARRAY = 1 
FROST 8. TURNER: CIX : 2.DOO 
FROST 8. TURNER: C2X = 80.D 
FROST 8. TURNER: CIY = 1.000 
FROST 8. TURNER: C2Y = SD.D 
SURFACE ROUGHNESS .- .100 M 
DECAY COEFFICIENT FOR CSDs= 7.500 
NO OF EIGENVECTORS USED = 10 
j:j EIGENVECTORS IN SOLUTION= 10 
NO OF DIVISIONS IN cYCLE = 16 
NO OF ROTOR REVOLUTIONS :: ;) 

MAX PER-REV MULTIPLE = -,
-' 

OUTPUT: j:j DIVISIONS/CYCLE = 4 
j:j ENSEMBLE VALUES = 1 
DYNAMIC STALL? YES 
COLUMN LOADING? YE'S 
PRINT OPTION j:j FOR CSDs = 

LENGTH OF WINDSPEED SERIES: 1~8 

LENGTH OF LOAD SERIES = 128 

AIRFOIL TYPE CHORDIIN) START-HT<INI 
NACA0018 29.00 .00 
NACA0018 29.00 264.00 
NACA0018 29.00 432.00 

MODE CRITICAL DAMPING 
5 .01 
6 .01 

11 .01 
12 .01 

j:j OF ELEMENTS PER BLADE : 32 

TOTAL j:j OF COLUMN ELEMENTS = 11 


MODE EIGENVALUE 
1 .390 
2 1.318 
3 1.871 
4 2.556 
5 2.825 
6 2.879 
7 3. 3'~0 
8 4.039 
9 5.045 

10 5.068 

MID-ROTOR LONGITUDINAL TURBULENCE 
2-114 



STANDARD DEVIATION = 4.69 MPH 3. 9 .11E+06 .29E+05 26.1
COEFF OF VARIATION = .10 8. 9 .10E+06 .23E+05 22.8 

1. 9 .10E+07 .24E+05 2.3 
MID-ROTOR LATERAL TURBULENCE 4. 9 .39E+05 .15E+05 38.7 

STANDARD DEVIATION = 3.84 MPH 2. 9 .55E+05 .21E+05 38.7 
COEFF OF VARIATION = .09 6. 9 .13E+06 .44E+05 34.3 

10. 9 .24E+06 .91E+04 3.9 
RE-ORDERING OF MODES 5. 9 .64E+05 .32E+05 50.3 

ORDER MODEtt VARIANCE 3. 7 .14E+07 .36E+05 2.6 
1 3 .274E+D8 8. 7 .12E+07 .29E+05 2.~ 
2 8 .203E+08 1 • 7 .49E+05 .21E+05 43.1 
3 1 . 597E+07 4. 7 .29E+06 .21E+05 7.1 
4 4 .991E+06 2. 7 .26E+06 .30E+05 11.~ 
5 2 .904E+06 6. 7 .60E+05 .45['+05 75.8 
6 6 .350E+06 10. 7 .24E+05 .89E+04 36.7 
7 10 .299E+06 5. 7 .l1E+06 .40E+05 35.1 
8 5 .236E+06 9. 7 .19E+05 .10E+05 54.'1 
9 9 .193E+06 

10 -,, .971E+05 GRAND TOTAL OF VARIANCE = .109E+09 
TOTAL RANDOM VARIANCE = .297E+07 

ENSEMBLE 	 MEAN AT LOOP NO. 1 

MODE TOTAL VAR TOT RAN \.JAR r.RAN 

3. 3 .27E+08 .13E+06 .5 
8. 8 .20E+08 .93E+05 .5 
1. 1 .60E+07 .63E.05 1.1 
4. 4 .99E+06 .33E+05 3.4 
2. 2 .90E+06 .66E+05 7.5 
6. 6 .35E+06 .26E+06 73.3 

10.10 .30E+06 .94E+04 3.1 
5. 5 .24E+06 .15E+06 65.2 
9. 9 .19E+06 • llE+05 5.9 
7. 7 .97E+05 .19E+05 19.6 
3. 8 .24E+08 .94E+05 .4 
3. 1 .27E+06 .54E+05 20.3 
8. 1 .30E+06 .51E+05 17.0 
3. 4 .48E+07 .47E+05 1.0 
8. 4 .40E+07 .38E+05 1.0 
1. 4 .86E+05 .31E+05 36. 1 
3. 2 .34E+07 .78E+05 2.3 
8. 2 .27E+07 .53E+05 1.9 

1, 2 .14E+06 .40E+05 ?8.7 

4. 2 .86E+06 .38E+05 4.5 

3, 6 .35E+06 .11E+06 31.3 

8, 6 .31E+06 .10E+06 33.2 

1, 6 .50E+06 .11E+06 21.4 

4. 6 . 12E+06 .641'+05 55.n 

2, 6 .12E+06 .73E+05 59.6 

3.10 .19E+06 .24E+05 12.6 

8,10 .17E+06 .19E+05 11.3 

1.10 .13E+07 .21E+05 1.6 
4.10 .58E+05 .14E+05 23.6 
2.10 .74E+05 .17E+05 23.<' 
6.10 .13E+06 .40E+05 31.5 

3, 5 .13E+07 .12E+06 9.4 

8. 5 .lOE+07 .95E+05 9.1 
1. 5 .20E+06 .69E+05 34.6 
4. 5 .32E+06 .57E+05 13.1 

2, 5 .32E+06 .721'+05 2"<-. -,, 

6. 5 .17E+06 .13E+06 76.1 

10. 5 . 68E+Cl5 . 30E+05 44. c • 2-115 
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$ 

$ DE-ACTIVATE UNWANTED MODES 
$ 

DMI HSUP 0 2 1 0 22 1 
DMI HSUP 1 11 1.0 21 1.0 
$ 

$ DEFINITION OF DUMMY LOAD 
$ 

RLOADl 99 99 99 
DAREA 99 2 1 .00 
TABLEDI 99 +TABDI00 
+TABDI0o .0 1.0 100.0 1.0 ENDT 
$ 

$ FREQUENCY RESPONSE RANGE 
$ 

FREQl 101 .OOCIOO .09375 40 
$ 

$ MODAL DAMPING 
$ 

TABDMP1 101 CRIT +TABI00o 
+TABIoo0 .390 .010 1.318 .010 1.371 .010 2.556 .010+TABI001 
+TABI001 2.825 .150 2.879 .150 3.390 .010 4.039 .010+TABI002 
+TABI002 5.045 .010 5.068 .010 5.425 .10D '5.434 .100+TABID03 
+TABI003 5.513 .010 6.261 .010 6.443 .010 7.Z8'J .010+TAB1004 
+TABI004 7.419 .010 7.615 .010 8.434 .010 9.621 .01o+TABllJll5 
+TABI005 9.970 .010 10.382 .010 ENDT 
$ 

$ DEFINITION OF DISCRETE PSDS 
$ 

RANDPS 101 3 3 1.0 1001 
TABRNDl 1001 +TABI006 
+TABI006 .000 .1751+4 .094 .1070+5 .188 .1280+5 .281 . 1333+5+TABlCi07 
+TABI007 .375 .2096+5 .469 .1886+5 .563 .5292+5 .656 .160e+6+fA81COS 
+TABI008 .75D .2619+8 .844 .2942+6 .938 .6012+5 1.031 .4351+5+TA81009 
+TABI009 1.125 .1178+5 1.219 .8827+4 1.313 .6401 +4 1.406 .G216+4+rA81CI0 
+TAB1010 1.500 .4918+4 1.594 .8193+4 1.688 .7636+4 1.781 .5691+4+1A81011 
+TABI011 1.875 .5120+4 1.969 .1146+5 2.063 .9996<4 2 .1~J6 .3159<5+IA81012 
+TABI012 2.250 .8787+6 2.344 .8261+5 2.438 .4505+5 Z.531 .220~)+5+TABIo13 

+TAB1013 2.625 .1269+5 2.719 .9194+4 2.813 .7274+4 2.906 .373:2+4+TA81014 
+TABI014 3.000 .4793+4 3.094 .3288+4 .~ .188 .5011+4 3.281 .4306+4+TABI015 
+TABI015 3.375 .3744+4 3.469 .1181+5 3.563 .4213;4 3.656 .6606+4+TABHJlb 
+TABI016 3.750 .3430+5 ENOT 
RANDPS 101 8 8 1.0 1002 
TABRNDI 1002 +TABHl17 
+TABI017 .000 .2828+4 .094 .8613+4 .188 .5817+4 .281 . ,,352+4+ TAB1ol~: 
+TABI018 .375 .9205+4 .469 .2513+5 .563 .3830+5 .656 .6836'5+TABlo19 
+TABI019 .750 .1704+8 .844 .1174+6 .938 .4565+5 1 .031 .2898+5+TAB10?O 
+TAB1020 1.125 .8429+4 1. 219 .8683+4 1.313 .7854+4 1.406 .1204+5+TAB1021 
+TABI021 1.500 .6791+4 1.594 .5720+4 1.688 .7123+4 1.781 .5017+4+1AE:lOZZ 
+TABI022 1.875 .5749+4 1.969 .1420+5 2.063 .1219+5 2.156 .2252+5+TAB1023 
+TABI023 2.250 .4238+6 2.344 .8432+5 Z.438 .4071+:, 2.531 .1999+5+TAB1OZil 
+TABI024 2.625 .1927+5 2.719 .9650+4 2.813 .7899+4 2.906 .4699+4+TABI0Z5 
+TABI025 3.000 .5621+4 3.094 .3838+4 3.188 .4738<·4 3.281 .7497+4+TABlo':6 
+TABI026 3.375 .7788+4 3.469 .8669+4 5.563 . 7344+4 3.656 .1036+5+TABI027 
+TABIo27 3.750 .2669+5 ENOT 
RANDPS 101 1 1 1.0 1003 
TABRNDl 1003 +TA81028 
+TAB1028 .000 .3598+7 .094 .3636+5 .188 .2142+5 .281 . 1327+5+TABI029 
+TABI029 .375 .5082+4 .469 .2762+4 .563 .3214+4 .656 .4Z25+4+TAB1030 
+TABI030 .750 .3616+4 .844 .3399+4 .938 .3115+4 1.0':1 .3184+4+TABl031 
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+TABI031 1.125 .3587+4 1.219 .1550+5 1.313 .1405+5 1.406 .2734+5+TABI032 
+TABI032 1 .500 . 1098+ 7 1.594 .7385+5 1.688 .3624+5 1.781 .1877+5+TAB1033 
+TABI033 1. 875 .9137+4 1.969 .4512+4 2.063 .4227+4 2.156 .2167+4+TABI034 
+TABI034 2.250 .2416+4 2.344 .2227+4 2.438 .2174+4 2.531 .3319+4+TABI035 
+TABI035 2.625 .4282+4 2.719 .3750+4 2.813 .6832.4 2.906 .1134+5+TABI036 
+TABI036 3.000 .1372+6 3.094 .5369+5 3.188 .2836+5 3.?81 .2274+5+TABI037 
+TABI037 3.375 .1072+5 3.469 .6166+4 3.563 .4680+4 3.656 .361D+4+TABI038 
+TABI038 3.750 .2399+4 ENOT 

o.dd;' ti.Dno./ Q(.I.to spedral dens't~ tahles 

$ 

$ 

$ 
DEFINITION OF (UPPER TRIANGLE) CROSS SPECTRAL DENSITIES 

RANDPS 101 3 8 1.0 1[J21 
TABRNDI 1021 +TAB1226 
+TAB1226 .000 .1129+4 .094 .4951+4 .188 .3307+4 .281 .3552+4+TABI227 
+TAB1227 .375 .7904+4 .469 .1253+5 .563 .2962+5 .656 .8183+5+TABI228 
+TAB1228 .750 .2105+8 .844 .1621+6 .938 .3550+5 1.031 .1958+5+TAB1229 
+TAB1229 1.125 .2694+4 1.219 .3628+4 1.313 .2576+4 1.406 .5491+4+TAB1230 
+TAB123o 1.500 .2577+4 1.594 .2432+4 1.688 .3665+4 1.181 .1968+4+TABI231 
+TAB1231 1.875 .1104+4 1.969 .8490+4 2.063 .5385,4 2.156 .1783+5+TABI232 
+TAB1232 2.250 .6019+6 2.344 .7525+5 2.438 .3611+5 2.531 .t538+5+TABI233 
+TAB1233 2.625 .1169+5 2.719 .5815+4 2.813 .4220·,·4 2.906 .1903+4+TAB1234 
+TAB1234 3.000 .2473+4 3.094 .1021+4 3.188 .1594+4 3.281 .1794+4+TABIZ35 
+TAB1235 3.375 .2385+4 3.469 .4662+4 3.563 .3114+4 3.656 .4147+4+1ABI236 
+TAB1236 3.750 .2480+5 ENOT 
RANDPS 101 3 8 1.0 1022 
TABRND1 1022 'TAB1731 
+TAB1237 .000 .0000+0 .094 .0000+0 .188 .0000+0 .281 .0000+0+TAB1238 
+TAB1238 .375 .3216+4 .469 .0000+0 .563 .5008+4 .656 .0000+0+TAB1239 
+TAB1239 .750 .1094+7 .844 .0000+0 .938 .0000+0 1.031 .1874+4+TAB1240 
+TAB1240 1.125 .4337+4 1 .219 .0000' 0 1.313 .5700+3 1.406 .OOOO>0+TAB1241 
+TAB1241 1.500 .2297+2 1.594 .2590+3 1.688 .'/317+3 1.7Hl .1319+3+fAB1242 
+TAB1242 1.875 .2510+3 1.969 .2144+4 2.06:5 .0000+0 2.156 .0000+0+TAB1243 
+TAB1243 2.250 .9390+4 2.344 .0000+0 2.438 .[J000+0 2.531 .8896i·3+fABI244 
+TAB1244 2.625 .0000+0 2.719 .0000+0 2.813 .::'434+3 2.906 .OOOo+0+TA81245 
+TAB1245 3.000 .0000+0 3.094 .1650+3 3.188 .8525+2 3.281 .1431+3+TABI246 
+TAB1246 3.375 .5033+3 .3.469 .0000+0 3.563 .0000+0 3.656 .0000+0+TAB1247 
+TAB1247 3.750 .0000+0 ENDT 
RANDPS 101 1 3 -1.0 1023 
TABRNDl 1023 +TAB1248 
+TAB1248 .000 .2449+5 .094 .0000+0 .188 .2514+4 .281 .0000+0+TABI249 
+TAB1249 .375 .9570+3 .469 .3287+:-' .563 .4152+3 .656 .0000+0+TABI250 
+TAB125o .750 .5896+5 .844 .4616+4 .938 .3484+3 1.031 .0000+O+TABI251 
+TAB1251 1.125 .0000+0 1. 219 .2595+4 1.313 .0000+0 1.406 .0000+0+TAB125? 
+TAB1252 1.500 .1637+4 1.594 .0000+0 1.688 .1411+4 1.781 .0000+0+TABI253 
+TAB1253 1.875 .0000+0 1.969 .0000+0 2.063 .5681+3 2.156 .OOOO+0+TABI254 
+TAB1254 2.250.1771+5 2.344 .5187+2 2.438 .0000+0 2.531 .OOoo+0+TAB1255 
+TAB1255 2.625 .0000+0 2.719 .0000+0 2.813 .0000+0 2.906 .7789+3+TAB1256 
+TAB1256 3.000 .0000+0 3.094 .0000+0 3.188 .0000+0 3.281 .1171+4+TABI2S/ 
+TAB1257 3.375 .0000+0 3.469 .1411+4 :5.563 .2584+3 3.656 .5998+3+TAB1258 
+TAB1258 3.750 .7163+3 ENOT 
RANDPS 101 3 -1.0 J024 
TABRNDl 1024 +TAB1259 
+TAB1259 .000 .0000+0 .094 .3942+4 .188 .3573+4 .281 .2201+4+TABI2hil 
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+TAB1260 
+TAB1261 

.375 

.750 
.3029+3 
.1001+6 

.469 

.844 
.1545+4 
.0000+0 

.563 

.938 
.2270+4 
.0000+0 

.656 
1.031 

.3188+4+TAB1261 

.0000+0+TAB1262 
+TAB1262 1.125 .0000+0 1.219 .0000+0 1.313 .0000+0 1.406 .0000+0+TAB1263 
+TAB1263 1.500 .0000+0 1.594 .9644+4 1.688 .2951+4 1. 781 .2825+4+TAB1264 
+TAB1264 1.875 .2640+3 1.969 .2067+4 2.063 .1122+4 2.156 . 1736+4+TAB1265 
+TAB1265 2.250 .2878+4 2.344 .0000+0 2.438 .0000+0 2.531 .0000+0+TAB1266 
+TAB1266 2.625 .0000+0 2.719 .0000+0 2.813 .0000+0 2.906 .6437+2+TAB1267 
+TAB1267 3.000 .0000+0 3.094 .1682+4 3.188 .2337+4 3.281 .9154+3+TAB1268 
+TAB1268 3.375 .2316+4 3.469 .8329+3 3.563 .0000+0 3.656 .4887+3+TAB1269 
+TAB1269 3.750 .0000+0 ENOT 
RANOPS 101 1 8 -1.0 1025 
TABRN01 1025 +TAB1270 
+TAB1270 .000 .8265+5 .094 .0000+0 .188 .0000+0 .281 .0000+0+TAB1271 
+TABl271 .375 .1199+3 .469 .8523+3 .563 .0000+0 .656 .0000+0+TAB1272 
+TAB1272 .750 .4362+5 .844 .0000+0 .938 .8886+3 1. 031 .0000+0+TAB1273 
+TAB1273 1.125 .3420+3 1.219 .4495+3 1. 313 .0000+0 1.406 .OOOO+0+TABl274 
+TAB1274 1.500 .8250+4 1.594 .3093+4 1.688 .3107+3 1.781 .0000+0+TAB127S 
+TAB1275 1.875 .0000+0 1.969 .3891+3 2.063 .1084-14 2.156 .8748+3+TABl27f> 
+TABl276 2.250 .1355+5 2.344 .0000+0 2.438 .0000+0 2.531 .0000+0+TAB1277 
+TAB1277 2.625 .0000+0 2.719 .0000+0 2.813 .0000+0 2.906 .0000+0+TABl278 
+TAB1278 3.000 .1864+4 3.094 .0000+0 3.188 .3894+3 3.281 .1238+4+TABl279 
+TAB1279 3.375 .4039+3 3.469 .4708+3 3.563 .0000+0 3.656 .4867+3+TAB1280 
+TAB1280 3.750 .5802+3 ENOT 
RANOPS 101 1 8 -1.0 1026 
TABRNOI 1026 +TAB12el 
+TAB1281 .000 .0000+0 .094 .3835+4 .188 .2626+4 .281 .2053+4+TAB1282 
+TAB1282 .375 .1025+4 .469 .1004+4 .563 .3563+4 .656 .2849+4+TAB1283 
+TAB1283 .750 .8243+5 .844 .0000+0 .938 .0000+0 1.031 .0000+0+TAB12B4 
+TAB1284 1.125 .0000+0 1.219 .0000+0 1. 313 .0000+0 1.406 .0000+0+TAB1285 
+TAB1285 1.500 .0000+0 1.594 .4599+2 1.688 .2737+1 1.781 .1801+3+TAB1286 
+TAB1286 1.875 .8463+3 1.969 .2580+4 2.063 .1983+4 2.156 .1600+4+TAB1287 
+TAB1287 2.250 .1290+4 2.344 .0000+0 2.438 .2878+3 2.531 .4026+3+TAB12S8 
+TAB1288 2.625 .0000+0 2.719 .0000+0 2.813 .1819+3 2.906 .1624+4+TAB1289 
+TAB1289 3.000 .0000+0 3.094 .0000+0 .).188 .0000+0 3.281 .00OO+0+TAB1290 
+TAB1290 3.375 .3119+4 3.469 .1142+4 3.563 .0000+0 3.656 .6299+3+TAB1291 
+TAB1291 3.750 .1023+3 ENOT 
RANOPS 101 3 22 1.0 1027 
TABRNDI 1027 +TAB1292 
+TAB1292 .000 .1590+3 .094 .2364+4 .188 .1421+4 .281 .2298+4+TAB1293 
+TAB1293 .375 .4054+4 .469 .5113+4 .563 .1119+ 5 .656 .2674+5+TAB1294 
+TAB1294 .750 .6671+7 .844 .6125+5 .938 .1380+5 1.031 .1336+5+TAB1295 
+TAB1295 1.125 .3827+4 1.219 .2673+4 1. 313 .2741+4 1.406 .1716+4+TAB1296 
+TAB1296 1.500 .1204+4 1.594 .2390+4 1.688 .2383+4 1.781 .1337+4+TAB1297 
+TAB1297 1.875 .1202+4 1.969 .3967+4 2.063 .2461+4 2.156 .6824+4+TAB1298 
+TAB1298 2.250 .2755+6 2.344 .31531-5 2.438 .1233+5 2.531 .7713+4+TAB1299 
+TAB1299 2.625 .6086+4 2.719 .2723+4 2.813 .1094+4 2.906 . 1726+4+TAB1300 
+TAB1300 3.000 .1064+4 3.094 .1092+4 3.188 .2086+4 :3.281 . 1135+4+TAB1301 
+TAB1301 3.375 .7668+3 3.469 .3333+4 3.563 .1343+4 3.656 .2090+4+TAB1302 
+TAB1302 3.750 .8881+4 ENOT 

odd. hona I cross speGoh"al densit~ rabies 
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!JOB 
DAF,P3,T500. 
IUSER 
ICHARGE 
PURGE,SOL64/NA. 
DEFINE,SOL64. 
PURGE,INPI/NA.• 
DEFINE, INP1. 

BEGIN, ,NAST,EXEC=N. 

NASTRAN(,SOL64)220000 

SKIP,OVER. 

EXIT . 

ENDIF,OVER. 

SUMMARY,O=SOL64. 

OAYFILE.SOL64. 

COMMENT.BEGIN, ,PRINT1.S0L64. 

IEOR 

NASTRAN FILES=(INP1) 

10 TEST64, MODAL 

TIME 5 
SOL 64 
ALTER 1 
DBMGR 110 
ALTER 315 
DBFETCH 
ADD 
$DBSTORE 
OUTPUT! 
OUTPUT! 
ALTER 321 
DBMGR 
ENDALTER 
CEND 

IZKJJ.ZKGG1., ,/MODEL/O/l $ 

ZI<JJ,ZKGGIIZKGGD/(l.,O. )/(-1 •• 0.1 $ 

ZKGGDIIMOOEL/O $ 
11-111 $ 

ZKGGDIIO/I $ 

11211115 $ 

ECHO=UNSORT 
TITLE~PALM SPRINGS 6400 45RPM 
SET 7=13,115 
SET 8=2,100,101,106.107.115.124.1~5.130.131 
SET 9=20101.107 
LOAD=100 
SUBCASE 1 
SUBCASE 2 
DISPL=7 
FORCE=8 
STRESS=9 
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/JOB 
DAF,P2,T500. 
/USER 
/CHARGE 
PURGE,SOL03/NA. 

DEFINE,SOL03. 

PUROE,PSVECT/NA. 

DEFINE, PSVECT . 

ATTACH,INPI. 

BEGIN, ,NAST,EXEC=N. 

NASTRANC,SOL03,PSVECTI220000 

COMMENT.NASPLOT. 

SKIP,OVER. 

EXIT . 

ENDIF,OVER. 

SUMMARY,O=SOL03. 

DAYFILE,SOL03. 

COMMENT.BEGIN, ,PRINTI,SOL03. 

IEOR 

NASTRAN FILES=CINPll 

10 TEST64, MODAl. 

TIME 5 

SOL 3 

AL TER 7S 

MAT MOD SYM,SIL", ,/SYMG,/5 $PLACE BASIC SYM 6*6 IN G*G MATRIX 

MPYAD MGG,SYMG,/KGSYMII-l $MPI.Y MOG BY -SYMG 

PARAMR IIC,N,MPY/V,N,OMEGASQ/V,Y,OMEGA/V,Y,OMEGA $OMEGASQ=OMEGA2 

PARAMR IIC,N,COMPLEXIIV,N,OMEGASQ/O.O/V,N,COMEGASQ $COMEGASQ=OMEGASQ,O.O 

ADD KGSYM,K2GG/KSOFT/COMEGASQ $KSOFT=KGSYM*W} +K2GO 

MODTRL I<SOFT! / I 16/ $ 

EQUIV KSOFT,K2GG/AlWAYS 

INPUTTI . /1" ,/-1/1 $ 


INPUTTI IHZKGGD" .,/0/1 $ 

$PARAMl K2PP/IPRESI/IIV.N,NKTPP $ 

$EQUIV HZKGGD,K2PP/NKTPP $ 

$COND NOADD2,NKTPP $ 


ADD K2GG,HZKGGD/ZK2GGI $ 

EQUIV ZK2GG,K2GG/ALWAYS 

$lABEl NOADDZ 

ENDALTER 

CEND 

ECHO=UNSORT 

TITLE=PALM SPRINGS 6400 45RPM. NO CORIOlIS, K=3000 

METHOD=21 

1<2GG=SOFTNING 

SET 7=4,7.103,105.107,203.205,207 

DISPCSORTI, .PUNCH)=ALL 

$DISP=7 

$OUTPUTCPLOTl 

$PLOTTER NAST 

$SET I=ALL 

$AXES X,Y,Z 

$MAXIMUM DEFORMATION=100 

$V I E~I 0., (1 •• 0. 
$PLOT MODAL DEFORMATION, RANGE D.CS,IO.Cl,SET I,ORIGIN 2 
$VIEW 90 •• 0. ,D. 

7$PLOT MODAL DEFORMATION,RANGE o . 3. 10 .0, SET 1,ORIG[N -' 
$ 
$ 
BEGIN BULK 2-123 
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!JOB 
DJM,P2,TZOOO. 
IUSER 
ICHARGE 
RETURN,OUTPUT. 
PUROE,SOL30E/NA. 
DEFINE,OUTPUT=SOL30E. 
PURGE,OTP49/NA. 
COMMENT.DEFINE,TAPE49=OTP49. 
ATTACH,INP1=INP1PS. 
BEGIN, ,NAST,EXEC=N. 
NASTRAN.350000 
SKIP,OVER. 
EXIT • 
ENDIF,OVER. 
SUMMARY. 
DAYFILE. 
IEOR 
NASTRAN FILES=(JNP1) 
ID VAWT.TR 
TIME 100 
SOL 30 
$OIAG 8 
ALTER 78 
MAT MOO SYM.SIL." ,/SYMG./5 $PLACE BASIC SYM 6*6 IN G*O MATRIX 
MPYAD MGG,SYMG./KGSYMll-l $MPLY MOG BY -SYNG 
PARAMR IIC,N,MPY/V,N,OMEGASQ/V,Y.OMEGA/V,Y,OMEGA $OMEGASQ=OMEGA2 
PARAMR IIC,N.CO~PLEXIIV,N,OMEGASQ/O.O/V,N,COMEGASO $COMEGASQ=OMEGASQ,O.O 
ADO KGSYM,K2GO/KSOFT/COMEGASQ $KSOFT=KOSYM*W) +K2GO 
MOOTRL KSOFTIII161 $ 
EQUIV KSOFT.K2GG/ALWAYS 
INPUTTl 	 I" "I-Ill $ 
I NPUTTl 	 IHZKOGD" • • /0/1 $ 
ADO 	 K2GG,HZKGGD/ZK2GOI $ 
EQUIV 	 ZK2GG,K2GG/ALWAYS 
ALTER 451 
MAT MOD SKEW,SIL, •• ,/SKEWG,/S IPLACE BASIC SKEW 6*6 IN G*G MATRIX 
MPYAD MOG.SKEWG,/MGSKEW $MPLY MGG BY SKEWG 
PARAMR IIC,N,MPY/V.N,OMEGA2/V,Y,OMEGA/Z.O SOMEGA2=Z*OMEGA 
PARAMR IIC,N,COMPLEXIIV.N,OMEGA2/0.0/V,N.COMEOA2 $COMEGA2=IOMEGA2.0.01 
ADD MGSKEW,B2PP/CORIOLIS/COMEGA2 SCORIOLIS=COMEGAZ*MGSKEW+KZPP 
EQUIV CORIOLIS,B2PP/ALWAYS $ 

$ ALTER FOR PH-REVISION 
ALTER 483 
$ PRINT FREQUENCIES OF THE SELECTED MODES AS MATRIX FHMOD • 
$ NOTE THAT KHH ETC. MAY NOT NECESSARILY BE DIAGONAL. 
GKAM 	 USETD,PHIA,MI,LAMA,DIT, ,.,CASEXX/MUHH.BUHH,KUHH,PHIDUHI 

NOUE/C,Y,LMODES=0/C.Y,LFREQ=O.O!C.Y,HFREO=1.E.301 
-1/-1/-1/V,N,NUH1/V,N,NUH2 $ 

ADD 	 KUHH,MUHH/OMEGSQII12 $ 
DIAGONAL 	 OMEGSQ/OMEG/COLUMN/0.5 $ 
ADD 	 OMEG,/FHMOD/0.159155 $ 
MATPRN 	 FHMODII $ 
PURGE 	 MUHH,BUHH,KUHH,PHIDUH/ALWAYS $ 
$ RE-OEFINE MATRIX PH. 
PARAML 	 OLSTIITRAILER/I/V,N,NFO $ 

PRTPARM 	 IIIC,N,NFQ $ 
PARAML 	 PHIITRAILER/1/V,N,NCPH $ 
PARAML 	 PHI/TRAILER/Z/V,N.NMOD $ 

PARAM IIDIV/V,N,NCASE/NCPH/NFQ $ 
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PRTPARM IIIC,N,NCASE $ NeASE NOT USED ANYWHERE. 
MATGEN ./PUB/4/NMOD/NCPH/0/NFQ/NCPH/I/NFQ/NMOD $ 
ADO PUB./PUBOUPI $ 

ADO PUB.PUBDUP/PUCII12 $ REPLACE COL. NO. WITH UNITY. 
$ SECOND-LEVEL SEPARATION WITH DMI-HSUP DE-ACTIVATES SPECIFIED 
$ MODAL CONTRIBUTIONS. IT COMPLEMENTS LMODES,LFREQ AND HFREQ. 
$ AND. IT OBVIATES NEED TO CHANGE SUBCASES AND RANDPS. 

JUMP LSHUT $ 


DBFETCH IHSUP" "I $ 


LABEL LSHUT $ 

PARAML HSUPIIPRESIII/V.N,HFLAG $ 

EQUIV PUC.PUC1/HFLAG $ 


COND LHS1.HFLAG $ 


MATGEN ./HONE/4/1/NMOD/I/NMOD/NMOD/1/1/1 $ 


ADD HONE.HSUP/HSELII(-1 .• 0.1 $ 

$ PRINT FREQUENCIES AFTER SECOND-LEVEL SEPARATION VIA HSUP. 
PARTN FHMOD •• HSEL/FDROP.FKEEP,./l $ 

MATPRN FKEEP.FDROPII $ 

MAT MOD HSEL •••• ,/HSELD./28 $ 


MPYAD PUC,HSELD,/PUCll $ 

LABEL LHSI $ 


TRNSP PUCI/PHNEWI $ 

MODTRL PHNEW/11113 $ CHANGE TO COMPLEX. 
EQUIV PHNEW.PH/ALWAYS $ 
$MATPRN PHil $ 

ALTER 484 

COND LHS2.HFLAG $ 


MPYAD HSELD.UHV,/UHVNEW/ $ 

EQUIV UHVNEW.UHV/ALWAYS $ 


LABEL LHS2 $ 

$ ALTER FOR ROUTING FREQ. RESP. TO TAPE49. 

ALTER 495 

PARAM IISTSR/V.N.OPU/2 $ 


PARAM IISTSR/C.Y,TPU=49/-2 $ 


ALTER 496 

PARAM IISTSR/OPU/-Z $ 


ALTER 554 

PARAM IISTSRN,N,OPU/2 $ 

PARAM IISTSR/C,Y,TPLJ=49/-2 $ 


ALTER 555,555 

ALTER 555 

PARAM I/STSR/OPU/-2 $ 

$ ALTER FOR PRINTING MODAL PSO-OUTPUT. 

$ALTER 561 

$EQUIV OUDV2,OUGV2/ALWAYS $ 

$JUMP LUOV2 $ 

$TABPT OUDV21J $ 

$LABEL LUDV2 $ 

CEND 
TITLE = PS 6400 /1440.,991.0,900.0/45.0,45.0,O.16/YES,YES/.02,.Ol,.01J 
SUBTITLE=I.12,3,3/40 .• 300 .• 12.,192/0.10,7.50/.32, .28/22,20/16,16/5,8,181 
ECHO = UNSORT 
METHOD = 21 
SDAMP = 101 
FREQ=lOl 
DLOAD=99 $ DUMMY LOAD 
RANDOM=101 
I<2GG=SOFINING 
B2PP=CORIOL 
OUTPUT 

http:12.,192/0.10,7.50/.32


$SDISP(SORT2,PHASE) = ALL 
SET 1=13,106,115 
SET 2=7,101,108,115,124,130,1000,2001,2002,300 
SET 3=7,101,108,124,130 
DISP(SORT2,PHASE) = 1 
ELFO(SORT2,PHASE) = 2 
ELSTRESS(SORT2,PHASE) = 3 
SUBCASE 1 
SUBCASE 2 
SUBCASE 3 
SUBCASE 4 
SUBCASE 5 
SUBCASE f, 

SUBCASE -I 
SUBCASE :1 
SUBCASE 9 
SUBCASE 1(1 

SUBCASE 11 
SUBCASE 12 
SUBCASE 13 
SUBCASE 14 
SUBCASE 15 
SUBCASE 16 
SUBCASE 17 
SUBCASE 18 
SUBCASE 19 
SUBCASE 20 
SUBCASE 21 
SUBCASE 22 
$SUBCASE 23 
$SUBCASE 24 
$SUBCASE 25 
OUTPUT(XYOUT) 
$ XGRIO = YES 
$ YGRID = YES 
$ CURV = 1 
XTITLE = FREQUENCY (HERTZ) 
YTIT = PSD OF X DISP AT 13,106,115 
XYPRINT DISP PSOF I 13(11), 115( Tl) 

YTIlLE = PSO OF M1,M2 IN ELEMENT -,, 
XYPRINT ELFO PSOF I 7(4),7(5) 

YTIlLE = PSO OF Ml,M2 IN ELEMENT 101 
XYPRINT ELFO PSOF I 101(4),101(5) 

YTIlLE = PSO OF Ml,M2 IN ELEMENT lOS 
XYPRINT ELFO PSDF I 108(4),108(5) 

YTIlLE = PSO OF Ml,M2 IN ELEMENT 124 
XYPRINT ELFO PSOF ! 124( 4) 0124(5) 

YTITLE = PSD OF Ml,M2 IN ELEMENT 130 
XYPRINT ELFO PSDF I 130(4),130(5) 

YTITLE = PSO OF Ml,M2 IN ELEMENT :100 
XYPRINT ELFO PSDF I 300(4),300(5) 

YTITLE = PSO OF FORCE IN ELEMENTS 1000 
XYPRINT ELFO PSDF I .1000(2) 

YTITLE = PSD OF FORCE IN ELEMENT 2001,2002 
XYPRINT ELFO PSOF / 2_001 (2) 

YTIT = PSO OF STRESS IN ELEMENT 7 AT C,E 
XYPRINT STRESS PSDF ! 7(4),7(6) 
YTIT = PSO OF STRESS IN ELEMENT 101 AT e,E 
XYPRINT STRESS PSOF ! 101(4),101(6) 
YTIT = PSD OF STRESS IN ELEMENT 108 AT e,E 2-127 



XYPRINT STRESS PSOF / 108(4).108(6) 
YTIT = PSO OF STRESS IN ELEMENT 124 AT C.E 
XYPRINT STRESS PSOF I 124(4).124(6) 
YTIT = PSO OF STRESS IN ELEMENT 130 AT C.E 
XYPRINT STRESS PSOF I 130(4),130(6) 
$ 
BEGIN BULK 

sl-a n dard f:,ullc. Dota Ii nes here 

$ 
$PARAM,RESOUAL,-l 
$PARAM,NEWOYN,-l 
$PARAM,SEMAP1,-1 
PARAM,lMOOES.22 
$PARAM,OORMM,-l 
PARAM,G, .04 
$ 
$ ROTATING FRAME EFFECTS 
$ 
PARAM OMEGA 4.712 
OMI SKEW 0 1 1 [] 6 6 
OMI SKEW 2 1 -1.00 
OMI SKEW 1 2 +1.00 
OMI SYM 0 6 1 [J 6 6 
OMI SYM 1 1 1.00 
OMI SYM 2 2 1. DO 
OMIG SOFTNING 0 6 1 0 
DMIG SOFTNING 4 1 4 1 .lE·-09 
DMIG CORIOL 0 1 1 0 
DMIG CORIOL 4 1 4 2 .lE-09 
OMIG CORIOl 4 2 4 1 .lE-09 
$ 
$ DE-ACTIVATE UNWANTED MODES 
$ 
OMI HSUP 0 2 1 0 22 1 
DMI HSUP 1 11 1.0 21 1.0 
$ 
$ DEFINITION OF DUMMY LOAD 
$ 
RlOAOl '19 99 99 
DARE A 99 2 .00 
TABlEOl 99 +TABD100 
+TABD1DO .0 1.0 100.0 1.0 ENDT 
$ 
$ FREQUENCY RESPONSE RANGE 
$ 
FREQl 101 .00000 .09375 40 
$ 
$ MODAL DAMPING 
$ 
TABDMPl 101 GRIT +TAB1000 
+TAB1000 .390 .010 1. 318 .010 1.871 .0lD 2.556 .010+TAB1001 
+TAB1001 2.825 .010 2.879 .010 3.390 .0lD 4.039 .010+TAB1002 
+TAB1002 5.045 .0lD 5.068 .010 5.425 .010 5.434 .010+TAB1003 

+TAB1003 5.513 .010 6.261 .010 6.443 .0lD 7.285 .010+TAB1004 
+TAB1004 7.419 .010 7.615 .0lD 8.434 .0lD 9.621 .01O+TAR1005 
+TAB1005 9.970 .010 10.382 .0lD ENDT 
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$ 

$ DEFINITION OF DISCRETE PSDS 
$ 

RANDPS 101 3 3 1.0 1001 
TABRNDl 1001 +TAB1006 
+TAB1D06 .000 .1751+4 .094 .1070+5 .188 .1280+5 .281 .1333+5+TAB1007 
+TAB1D07 .375 .2096+5 .469 .1886+5 .563 .5292+5 .656 .1608+6+TAB1008 
+TAB1008 .750 .2619+8 .844 .2942+6 .938 .6012+5 1.031 .4351+5+TAB1009 
+TAB1009 1.125 .1178+5 1.219 .8827+4 1.313 .6401+4 1.406 .8216+4+TAB1010 
+TAB1010 1.500 .4918+4 1.594 .8193+4 1.688 .7636+1\ 1.781 .5691+4+TAB1011 
+TAB1011 1.875 .5120+4 1.969 .1146+5 2.063 .9996+4 2.156 .3159+5+TAB1012 
+TAB1012 2.250 .8787+6 2.344 .8261+5 2.438 .4505+5 2.531 .2203+5+TAB1013 
+TAB1013 2.625 .1269+5 2.719 .9194+4 2.813 .7274+4 2.906 .3732+4+TAB1014 
+TAB1014 3.000 .4793+4 3.094 .3288+4 3.188 .5011+4 3.281 .4306+4+TAB1015 
+TAB1015 3.375 .3744+4 3.469 .1181+5 3.563 .4213+4 3.656 .6606+4+TAB1016 
+TAB1016 3.750 .3430+5 ENDT 
RANDPS 101 8 8 1.0 1002 
TABRNDl 1002 +TAB1017 
+TAB1017 .000 .2828+4 .094 .8613+4 .188 .5817+4 .281 .8352+4+TAB1018 
+TAB1018 .375 .9205+4 .469 .2513+5 .563 .3830+5 .656 .6836+5+TAB1019 
+TAB1019 .750 .1704+8 .844 .1174+6 .938 .4565+5 1.031 .2898+5+TAB10Z0 
+TAB1020 1.125 .8429+4 1.219 .8683+4 1.313 .7854+4 1.406 .1204+5+TAB1021 
+TAB1021 1.500 .6791+4 1.594 .5720+4 1.688 .7123+4 1.781 .5017+4+TAB1022 
+TAB1022 1.875 .5749+4 1.969 .1420+5 2.063 .1219+5 2.156 .2252+5+TAB1023 
+TAB1023 2.250 .4238+6 2.344 .8432+5 2.438 .4071+5 2.531 .1999+5+TAB1D24 
+TAB1024 2.625 .1927+5 2.719 .9650+4 2.813 .7899+4 2.906 .4699+4+TAB1025 
+TAB1025 3.000 .5621+4 3.094 .3838+4 3.188 .4738+4 3.281 .7497+4+TAB1026 
+TAB1026 3.375 .7788+4 3.469 .8669+4 3.563 .7344+4 3.656 .1036+5+TAB1DZ7 
+TAB1027 3.750 .2669+5 ENDT 
$ 

$ DEFINITION OF (UPPER TRIANGLE) CROSS SPECTRAL DENSITIES 
$ 

RANDPS 101 3 8 1.0 1021 
TABRNDl 1021 +TAB1226 
+TAB1226 .000 .1129+4 .094 .4951+4 .188 .3307+4 .281 .3552+4+TAB1227 
+TAB1227 .375 .7904+4 .469 .1253+5 .563 .2962+5 .656 .8183+5+TAB1228 
+TAB1228 .750 .2105+8 .844 .1621+6 .938 .3550+5 I.D31 .1958+5+TABI229 
+TAB1229 1.125 .2694+4 1.219 .3628+4 1.313 .2576+11 1.406 .5491+4+TABI23D 
+TAB1230 1.500 .2577+4 1.594 .2432+4 1.688 .3665+4 1.781 .1968+4+TAB1231 
+TAB1231 1.875 .1104+4 1.969 .8490+4 2.063 .5385+4 2.156 .1783+5+TAB1232 
+TAB1232 2.250 .6019+6 2.344 .7525+5 2.438 .3611+5 2.531 .1538+5+TABI233 
+TAB1233 2.625 .1169+5 2.719 .5815+4 2.813 .4220+4 2.906 .1903+4+TAB1234 
+TAB1234 3.000 .2473+4 3.094 .1021+4 3.188 .1594+4 3.281 .1794+4+TAB1235 
+TAB1235 3.375 .2385+4 3.469 .4662+4 3.563 .3114+4 3.656 .4147+4+TAB1236 
+TAB1236 3.750 .2480+5 ENDT 
RANDPS 101 3 8 1.0 1022 
TABRND1 1022 +TAB1237 
+TAB1237 .000 .0000+0 .094 .0000+0 .188 .0000+0 .281 .OODO+O+TABI238 
+TAB1238 .375 .3216+4 .469 .0000+0 .563 .5008+4 .656 .DODO+O+TAB1239 
+TAB1239 .750 .1094+7 .844 .0000+0 .938 .0000+0 1.031 .1874+4+TAB1Z40 
+TAB1240 1.125 .4337+4 1.219 .0000+0 1.313 .5700+3 1.406 .DODO+O+TAB1241 
+TAB1241 1.500 .2297+2 1.594 .2590+3 l.688 .9317+3 1.781 .1319+3+TAB124? 
+TAB1242 1.875 .2510+3 1.969 .2144+4 ;c.063 .0000+0 2.156 .0000+D+TAB1243 
+TAB1243 2.250 .9390+4 2.344 .0000+0 2.438 .0000+0 :<.531 .8896+3+TABI244 
+TAB1244 2.625 .0000+0 2.719 .0000+0 2.813 .2434+3 2.906 .DOOO+0+IAB124S 
+TAB1245 3.000 .0000+0 3.094 .1650+3 3.188 .8525+2 3.281 .1437+3+TAB1::'4/J 
+TAB1246 3.375 .5033+3 3.469 .0000+0 3.563 .0000+0 3.656 .0000+0+TAB1247 
+TAB1247 3.750 .0000+0 ENOT 
RANDPS 101 1 3 -1. [I 1023 
TABRND1 1023 2-129 +TAB1248 



+TAB1248 
+TAB1249 
+TAB1250 
+TAB1251 
+TAB1252 
+TAB1253 
+TAB1254 
+TAB1255 
+TAB1256 
+TAB1257 
+TAB1258 
RANOPS 
TABRNOl 
+TAB1259 
+TAB1260 
+TAB1261 
+TAB1262 
+TAB1263 
+TAB1264 
+TAB1265 
+TAB1266 
+TAB1267 
+TAB1268 
+TAB1269 
RANOPS 
TABRN01 
+TAB1270 
+TAB1271 
+TAB1272 
+TAB1273 
+TAB1274 
+TAB1275 
+TAB1276 
+TAB1277 
+TAB1278 
+TAB1279 
+TAB1280 
RANOPS 
TABRNOl 
+TAB1281 
+TAB1282 
+TAB1283 
+TAB1284 
+TAB1285 
+TAB1286 
+TAB1287 
+TAB1288 
+TAB1289 
+TAB1290 
+TAB1291 
ECHOON 
ENOOATA 

.000 


.375 


.750 

1.125 

1. 500 
1.875 

2.250 

2.625 

3.000 

3.375 

3.750 


101 

1024 

.000 

.375 

.750 


1.125 

1.500 

1.875 

2.250 

2.625 

3.000 

3.375 

3.750 


101 

1025 

.000 

.375 

.750 


1.125 

1.500 

1.875 

2.250 

2.625 

3.000 

3.375 

3.750 


101 

1026 

.000 

.375 

.750 


1.125 

1.500 

1.875 

2.250 

2.625 

3.000 

3.375 

3.750 


.2449+5 


.9570+3 


.5896+5 


.0000+0 


.1637+4 


.0000+0 


.1771+5 


.0000+0 


.0000+0 


.0000+0 


.7163+3 

1 


.0000+0 


.3029+3 


.1001+6 


.0000+0 


.0000+0 


.2640+3 


.2878+4 


.0000+0 


.0000+0 


.2316+4 


.0000+0 

1 


.8265+5 


.1199+3 


.4362+5 


.3420+3 


.8250+4 


.0000+0 


.1355+5 


.0000+0 


.1864+4 


.4039+3 


.5802+3 

1 


.0000+0 


.1025+4 


.8243+5 


.0000+0 


.0000+0 


.8463+3 


.1290+4 


.0000+0 


.0000+0 


.3119+4 


.1023+3 


.094 


.469 


.844 

1.219 

1.594 

1.969 

2.344 

2.719 

3.094 

3.469 


ENOT 
3 

.094 


.469 


.844 

1.219 

1.594 

1.969 

2.344 

2.719 

3.094 

3.469 


ENOT 
8 

.094 


.469 


.844 

1.219 

1.594 

1.969 

2.344 

2.719 

3.094 

3.469 


ENOT 
8 

.094 


.469 


.844 

1.219 

1.594 

1 .969 
2.344 

2.719 

3.094 

3.469 


ENOT 


.0000+0 


.3287+3 


.4616+4 


.2595+4 


.0000+0 


.0000+0 


.5187+2 


.0000+0 


.0000+0 


.1411+4 


.3942+4 


.1545+4 


.0000+0 


.0000+0 


.9644+4 


.2067+4 


.0000+0 


.0000+0 


.1682+4 


.8329+3 


-1.0 


.0000+0 


.8523+3 


.0000+0 


.4495+3 


.3093+4 


.3891+3 


.0000+0 


.0000+0 


.0000+0 


.4708+3 


.3835+4 


.1004+4 


.0000+0 


.0000+0 


.4599+2 


.2580+4 


.0000+0 


.0000+0 


.0000+0 


.1142+4 


.188 


.563 


.938 

1.313 

1.688 

2.063 

2.438 

2.813 

3.188 

3.563 


-1.0 


.188 


.563 


.938 

1 . 313 
1.688 

2.063 

2.438 

2.813 

3.188 

3.563 


.188 


.563 


.938 

1.313 

1.688 

2.063 

2.438 

2.813 

3.188 

3.563 


-1.0 


.188 


.563 


.938 

1.313 

1.688 

2.063 

2.438 

2.813 

.) .188 

3.563 


.2514+4 


.4152+3 


.3484+3 


.0000+0 


.1411+4 


.5681+3 


.0000+0 


.0000+0 


.0000+0 


.2584+3 


1024 

.3573+4 


.2270+4 


.0000+0 


.0000+0 


.2951+4 


.1122+4 


.0000+0 


.0000+0 


.2337+4 


.0000+0 


1025 

.0000+0 


.0000+0 


.8886+3 


.0000+0 


.3107+3 


.1084+4 


.0000+0 


.0000+0 


.3894+3 


.0000+0 


1026 

.2626+4 


.3563+4 


.0000+0 


.0000+0 


.2737+1 


.1983+4 


.2878+3 


.1819+3 


.0000+0 


.0000+0 


.281 .0000+0+TAB1249 


.656 .0000+0+TAB1250 

1.031 .0000+0+TAB1251 

1.406 .0000+0+TAB125?' 

1.781 .0000+0+TAB1253 

2.156 .0000tO+TAB1254 

2.531 .0000+0+TAB1255 

2.906 .7789+3+TAB1256 

3.281 .1171+4+TAB1257 

3.656 .5998+3+TAB1258 


+TAB1259 

.281 .2201+4+TAB1260 

.656 .3188+4+TABI261 


1.031 .OOOO+0+TAB126? 

1.406 .OOOO+0+TAB1263 

1.781 .2825+4+TAB1264 

2.156 .1736+4+TAB1265 

2.531 .0000+O+TA8126~ 


2.906 .6437+2+TAB12b7 

3.281 .9154+3+TA81268 

3.656 .4887+3+TAB1269 


+TAB1270 

.281 .0000+0+TAB1271 

.656 .0000+0+TAB1272 


1.031 .OOOO+0+TABI273 

1.406 .0000+0+TAB1274 

1.781 .OOOO+0+TAB1275 

2.156 .8748+3+TAB1276 

2.531 .0000+0+TAB1277 

2.906 .0000+O+IAB1278 

3.281 .1238+4+TABI279 

3.656 .4867+3+TAB1280 


+TAB1281 

.281 .2053+4+TAB1282 

.656 .2849+4+TAB1283 


1.031 .OOOO+0+TAB1284 

1.406 .OOOO+0+TA81285 

1.78) .1801+3+TAB128h 

2.156 .1600+4+TAB1287 

2.531 .4026+3+TAB128R 

2.906 .1624+4+TAB1289 

3.281 .OOOO+0+TAB1290 

3.656 .6299+3+TAB1291 
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1.0 INTRODUCTION 

Random response analysis in MSC/NASTRAN (1) presupposes that the spectral 

densities of excitation are input in terms of the physical degrees of 

freedom (DOFs) of the structure. However, as outlined in Reference 2, 

certain practical reasons associated with the analysis of Vertical Axis 

Wind Turbines make it desirable to develop a procedure that would permit 

the PSD-input to be referred to normal-mode co-ordinates rather than 

physical DOF's. The present Report sets forth such a procedure. The basic 

goal is accomplished by incorporating certain DMAP ALTERs in SOL-30 and 

SOL-7l of MSC/NASTRAN (Version 64A). 

2.0 OVERVIEW OF PROCEDURE 

The RANDOM module in MSC/NASTRAN functions as a post-processor to Harmonic 

Response Analysis. It operates on Table Data-Blocks as input and output 

rather than on Matrix Data-Blocks. This restricts the DMAP-programmer's 

freedom somewhat, inasmuch as Tables are less amenable to manipulation than 

Matrices. The present work recognizes this inherent restriction and 

fashions a data-input structure that imitates that of the standard 

approach. 

The modal technique for frequency-domain analysis of dynamic response is 

available in both SOL-30 and SOL-7l. SOL-30 is a rigid-format; it uses 

NPTP for storage and restart and precludes the use of superelements. 

SOL-7l provides for superelements and employs Data-Base files for storage. 

For the purpose of the present Report, it is assumed for convenience that 

the whole structure constitutes, in SOL-7l, a single superelement, i.e., 

the residual structure. The user is free to isolate eigensolution in a 

checkpoint run using SOL-3 or SOL-63 as required. 

3.0 THEORETICAL BACKGROUND 

Let us introduce the following matrix-notations: 
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sP (w) PSD-Input w.r.t. physical DOFs 
gg 

Physical DOFs 

sP (w) PSD-Input w.r.t. modal coordinates cc 

Modal Matrix of 'h' modes 

Ygc Physical-to-Modal Load Transformation Matrix 

h Number of modes used for response calculation 

c Number of Modal Subcases used for definition of PSD-

Input 

(Ordinarily. c hand Y z. ) 

Modal Harmonic-Response to Unit-Amplitude 

Modal Harmonic-Input 

Modal PSD-Output 

SU (w) PSD-Output of physical DOFs 
gg 

Physical Response Variables (e.g .• Displacement, 

Stress) 

Beg Matrix relating Re(w) to ug(w) 

• 
PSD-Output of Physical Response Variables 

w Circular Frequency of Excitation 
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'T' Superscript denoting matrix transpose 

,*, Superscript denoting matrix conjugate-transpose 

We can write down the following equations: 

sP (w) yT sP (w) Y (El)
cc gc gg gc 


u 
 sP (w) * (E2)Shh(w) ~c(w) cc ~c(w) 

SU (w) u ZT (E3)Shh(w)gg Zgh gh 


Re(w) Beg ug(w) 


S (w) B SU (w) BT 
ee eg gg eg 

Thus, 

S (w) G (w) sP (w) G* (w) (E4)
ee ec cc ec 

where, 

Gec(w) Beg Zgh Hhc(w) (ES) 

The U$er indicates the presence of 'c' SUBCASEs and inputs S
P (w). The 
cc 

program (with ALTERs) sets up 'c' unit-load vectors and determines Hhc(w) 
u

and G (w). It then computes the diagonal terms of Shh(w) and See(w) and ec 
integrals like mean-square and auto-correlation. 

For the purpose of verification, the user may draw upon Equation (El) and 

perform a standard analysis with sP (w) as the PSD-Input. 
gg 
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4.0 DESCRIPTION OF ALTER-PACKETS 

ALTER-Packet S30PHF (or S71PHF) is mandatory for the present purpose of 

implementing modal PSD-input. It redefines the PH-load matrix as a unit

load matrix. The ALTER prints, under the heading FHMOD, the natural 

frequencies of the 'h' modes selected via the LMODES/LFREQ/HFREQ 

parameters. It also provides the user with an option for second-level 

selection/suppression of modes. The user exercises second-level 

suppression by entering a DMI column matrix named HSUP having 'h' rows. 

The load-and-response contribution of any of the 'h' modes is deactivated 

by assigning a value of 1.0 to the corresponding term of HSUP. An 

important additional benefit derived from HSUP is that there is no need to 

modify the SUBCASE and RANDPS specifications. For instance, the user may 

extract 25 modes via the EIGR card. He then selects h=20 modes for 

response analysis, via the LMODES/LFREQ/HFREQ parameters. He specifies 20 

SUBCASEs in Case Control and defines a 20 x 20 matrix function sP ( ) on 
cc 

RANDPS cards. If, in a given run of a parametric study, modes 5 to 8 and 

17 to 20 are to be suppressed, the user simply enters a DMI column matrix 

HSUP having 20 rows, with rows 5 to 8 and 17 to 20 assigned a value of 

unity each. The natural frequencies of the modes retained by HSUP are 

printed as FKEEP and the ones suppressed are identified as FDROP. The 

number of response frequencies is printed as NFQ and the number of Subcases 

as NCASE. 

ALTER-Packet S30PRT/S7lPRT is an optional utility. It helps route 

harmonic-response output to TAPE49, so that the standard output file 

displays only the random-response results. 

In passing, it is emphasized that output of random response is available in 

NASTRAN only as XYOUT. Cross-PSDs and cross-correlations of response are 

not computed. It happens that, except for some items like SPCFORCE, an 

item may be requested as PSD-XYOUT, even in the absence of a corresponding 

request for harmonic-OUTPUT. Though the NASTRAN documentation does not 

state it, it is found that PSD-XYOUT of model SDISP-responses falls in a 

special category. First, SOL-30 needs ALTER-Packet S30SDP for outputting 

modal response-PSD, whereas SOL-7l needs no ALTER. Secondly, modal 
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PSD-XYOUT is requested via the term DISP rather than SDISP. Thirdly, modal 

PSD-XYOUT should not be requested in the same deck as one containing a 

request for XYOUT of physical DISPjVELOjACCEL, so as to avoid erroneous 

interpretation of the request. 

5.0 ILLUSTRATIVE ANALYSIS 

A simple parabolic arch lying in the XY-plane is taken as the structure to 

be analyzed (Figure 1). It is pinned to ground at both ends and modelled 

via five grid-points and four BAR elements. SDAMP modal damping is 

assumed. The response analysis considers the first three modes, the 

associated natural frequencies being 11.7 Hz. , 24.7 Hz. and 66.9 Hz. The 

arch is subjected to modal PSD-input that is derived from a pair of 

concentrated transverse random forces at grid-points 11 and 12 . 

.........__..~----~..!!--------••H·~fr---~!!~--------··~l~--__~,.H!________.
~......-~-- \0 

~ 

JSJr ., 	 '60'" JI_________-; 

A 0.785 in. 2 


II 0.049 in.4 


12 	 0.049 in.4 


J 0.098 in.4 


E = 10. x 106 psi 


II = 0.3 


I,' 2.6 x 10- 4 lb - sec2jin. 4 


Figure 1: Shallow Arch Example 
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5.1 Input Explanation 

The Executive Control calls on SOL-7l, the mandatory ALTER-Packet S71PHF 

and the optional Packet S71PRT. 

In the Case Control, the SEALL ~ ALL card satisfies the superelement 

request. The METHOD card selects an EIGR card for MGIV eigensolution for 

up to 10 modes. There are, however, fewer than 10 modes in the model and 

only three are selected via LFREQ-HFREQ for response analysis. The FREQ 

card specifies six frequencies at which the response would be computed, 

although it is necessary to consider more frequencies in a realistic case. 

There is one, and only one, DLOAD card above the Subcase level. It sets up 

a dummy physical harmonic-load via RLOADl, DAREA and TABLEDI cards. The 

only function of these cards is to ensure correct matrix-sizes and smooth 

program flow. As such, the magnitudes on these cards are immaterial. 

The RANDOM card applies the desired random loading via the RANDPS-TABRNDl 

cards. These cards embody the actual full modal PSD-input, on the strict 

basis that the program-generated modal harmonic loads are unit loads. 

OUTPUT requests for harmonic response may be entered above or within the 

Subcases, the former being the more likely option. The harmonic OUTPUT 

goes to TAPE49 when the ALTER-packet S7lPRT (or S30PRT) is present. This 

would reduce clutter in the standard output file. 

In accordance with the three modes selected via LFREQ-HFREQ, three SUBCASEs 

are identified in Case Control, i.e., we set c ~ h. 

With six frequencies, three modes and three subcases, the PH-matrix is of 

size 3 x 18 and is as follows; 

2-137 




---------------- ---------------- ----------------

---------------- ---------------- ----------------

Subcase 1 Subcase 2 Subcase 3 

Mode 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 

Mode 2 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 

Mode 3 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 ~ ~ 
f1 f2 f3 f4 fs f6 

The OUTPUT (XYOUT) block of Case Control requests the calculation, printing 

and plotting of random response. (Harmonic response also may be plotted 

here.) The 'SEPLOT 0' card caters to superelement considerations. 

The DMI-HSUP Bulk-Data cards are optional. They serve to deactivate the 

contribution of the second mode to loading and response, though the 

SUBCASE.RANDPS input embraces the first three modes. 

Though not illustrated, a checkpoint-restart process is feasible. A 

recommended strategy would be to perform eigensolution in a checkpoint run 

and execute every run of response-analysis as a restart. 

Since the output features of the ALTER'ed Solution are no different from 

those of the standard approach, they are not presented as part of this 

Report. It is, however, pointed out that a warning message SWM-3002 may be 

issued by SOL-71 as it attempts to determine PSD-XYOUT for nonexistent 

modal IDs when a DISP PSD-request is present. This is due to a quirk in 

the basic Solution Sequence and is NOT engendered by the ALTER's introduced 

in this work. 

6.0 CONCLUSION 

The ALTER. Packets developed herein have been successfully tested. They 

provide the user with the capability to input the spectral densities of 

random excitation in terms of modal coordinates as opposed to physical 

DOFs. Both SOL-30 and SOL-7l have thus been enhanced. The ALTERs also 
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yield incidental benefits in the form of second-level mode-suppression, 

modal PSD-XYOUT and routing of harmonic OUTPUT to TAPE49. The DMAP

flexibility of MSG/NASTRAN is the basis of this fruitful effort. 
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RFAL ~DES PS6400 to./86RFAL ~DES PS6400 to./86 EIGFlfJAUJEIt 2 trlT 00: 1.3118~ HZEIGFlfJAUlEIt 1 trlT FREQ: ,3895465 HZ 

I \ 

( 

\ 

) 
\'-.:----+-...,,-'/ ~ 

'\". 

RFAL ~DES PS6400 to./86 RFAL ~DES PS6400 00,186
EI GFlfJAUJEIt 3 ttT FREQ: 1. 879867 HZ EIGFlfJAUJEIt 4 trlT 00: 2,555238 HZ 
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REAL f«)DES PS6. HOIJ86
REAL f«)DES PS6. HOIJ86 EIGDfJAUJE# 6 ttT FREn: 2.878586 HZ
El GDfJAUJE# 5 ttT 00: 2.824783 HZ 

j 

REAL f«)DES PS6. t(ij 86
REAL f«)DES PS6400 HOIJ 86 

ElGDfJAUJEI 8 ttT FREQ: U~38511 HZElGDfJAUJE# 7 ttT 00: 3.389598 HZ 



RFJIL I(IDES PS6400 to) 86 
 RFJIL I(IDES PS6400 t(IIJ. 86 
EIGENJAUIEI 9 itT FREQ: 5,944415 HZ EIGENJAUJEl19 itT FREQ: 5,961268 HZ 

/
\ 

RFJIL I(IDES PS6400 t(IIJ 86
RFJIL I(IDES PS6400 to) 86 

EIGENJAUJEI12 itT FREQ: 5,433115 HZEIGENJAUJElll mT FREQ: 5,423892 HZ 
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} 

'\ 

) 
r 

\ 

REAL !(IDES PS64(1l 1((1 86 \REAL !(ID~ PS64(1l t«lU 86 
 ElGEWAWEtl14 tIT 00: 6,259977 HZ .EI GEWAUJEti 13 tIT 00: 5,512194 HZ 

REAL !(IDES PS64(1l1((1 86
REAL !(ID~ PS64(1l t«lU 86 
 EIGEHlAUJEti 16 tIT oo:?, 284369 HZElGEWAUJEtl15 tIT 00: 6,442411 HZ 
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( 

REAL ,.,DES PS6400 t-W 86
REAL ,.,DES PS6400 toJ 86 ElGENJAUIEti 18 tflT FREQ: 7.614393 HZEI GDfJAUlEti 17 tflT FREQ: 7.417783 HZ 

REAL ,.,DES PS6400 toJ 86REAL ,.,DES PS6400 t-W 86 ElGENJAUlEti 2QtflT FREQ: 9.619461 HZElGENJAUlEtl19 tflT FREQ: 8. 433Qfi8 HZ 
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) 

~L MODES PS68 t«:ij 86~L I+:lDES PS6400 t«:ij 86 EI GENJRUlEI 22 ~T 00: 1').38937 HZEIGENJRUlEI 21 ~T 00: 9,96888 HZ 
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