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USERS'MANUAL FOR A PARAMETER IDENTIFIACTION TECHNIQUE
Gerd Kanning
Ames Research Center

SUMMARY

A digital computer program written in Fortran is presented that
implements the system identification theovry for deterministic systems
using input—output measurements. The program contains an algorithm
that detects the existance of nonuniqueness of the parameters and
reduces the parameter set until a unique set of parameters is obtained.
The dynamic model of the plant whose parameters are to be identified
can be nonlinear, time varying and periodic.

The programs were categorized into user éupplied programs, user
modified programs internal programs and libra. programs. To apply the
identification programs the user makes the necessary changes in each
category to simulate the model behavior. The user has the capability to
specify any one of three options, The first option allows for a complete
model simulation for fixed input forcing functions. The second option
identifies up to 36 parameters of the model from wind tunnel or flight
measurements. The third option calculates a sensitivity analysis up to
36 parameters. An example using input-output measurements
for a helicopter rotor tested in a wind tumnnel is given for

each option.
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INTRODUCTION

Wind tunnel and flight data have been extensively used for
estimating stability and control derivatives for airplanes and
more recently also for helicopters. Prev:ously, computer programs
used for the estimation have been specialized for each particular
application. In this report a computer program is presented which
is applicable to a wide range of systems with only minor program
modifications. The program has the novel feature of calculating
the uniqueness of the parameters estimated. This c¢an be of crucial
importance since input-output measurements often lead to nonunique
solutions for the parameter values. Nonuniqueness may be due to
parameter redundancy or insufficient information in the measurements
and computations. An algorithm was presented in reference 1 that
detects the existance of nonuniqueness and also determines a unigque
set of parameters. This report makes available the digital computer
programs used in the above reference and gives a description of the
programs implementing the system identification theory.

The dynamic model of the plant must be obtained from the analysis
of the physical process occurring in the plant. The model can be
nonliLeaf and time varying and must be written in the form X = £(x,t,p).
The identification program estimates the parameter vector p from
input-output measurements.

The digital computer programs were written in Fortran and were
programmed on an IBM 360/67 computer. The programs were catagorized
into user supplied programs, user modified programs, internal programs

and library programs. The user makes the necessary changes in each



catagory to simulate the model behavior. The user has the capability
to specify any one of three options. The first option allows for a com-
plete model simulation for f£ixed input forcing functions. The second
option identifies up to 36 parameters of the model from wind tunnel

or flight measurements. The third cption calculates a sensitivity
analysis for up to 36 parameters. Each option is specified from

external data cards and the results are displayed on an on-line printer.

PROGRAM DESCRIPTION

In reference 1 a theory is presented for identification of
nonlinear systems in the presence of nonuniqueness. In this report
a description of the computer program is given that represents an
implementation of the theory. A brief review of the paramester
identification process is firsc given. Sketch A shows a general
outline of the identification process. The same input u is applied
to both the math model and the plant ("plant" refers to the physical
system from which measured time histories are available and whose
parameters are to be estimated). The best values of the parameters
for the math model are those that minimize the difference between
the model and plant outputs. The identification process is an
algorithm that compares the outputs of the math model and plant
and adjusts the parameter values (such as inertia, spring constant,
damping constant, etc.) until this difference is a minimum. What
this minimum should be is established by least squares fit and
the identification algb;%ﬁhm iterates until this criterion is

‘ A . , ..
reached. It 'may not always be possible to reach this minimum
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Sketch A.- Block diagram of parameter identification technique.



or even to obtain an improvement in the matching of the model

and plant outputs. Problems encountered with the technique and
some of their soli uions are also given in reference 1. This report
deals only with the description of the computer programs imple-
menting the theory of reference 1. 2 flow diagram of the parameter
identification technique as implemented on the digital computer

is given in sketch B. This diagram is é'simplifiéd sketch of

the identification algorithm and only gives those operations that
are central to the technique. The equations given in the diagram
follow the development of the identification technique as discussed
in reference 1.

The differential equations describing the model can be nonlinear
and time varying of the form x = £(X,t). The differential equations
for the plant should be written in first order form to be easily
compatabie with the computer programs presented. It should be
noted here that the system equations do not necessarily have to
be differential but can be of polynomial form. If differential
equations are not used to describe the model, then slight modifi-
cations in some of the subroutines presented are required.

These modifications are pointed out in the description of the individual
subroutines.

The order of the differential equations that the programs can
handle is not restricted. The identification programs are limited,
‘however,; by the total number of parameters to be estimated and the

total number of measurements and data points per measurement channel
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which are used. All of these limitations can be removed if the
necessary changes are made in the program. The program as discussed
is limited to estimating a maximum of 36 parameters using a maximum
of 12 measurements and 200 data points for each measurement. A
smaller number of parameters, measurements and data points can be
used without altering the basic parameter identification program.
Examples for estimating smaller number of parameters are given in a
later section.

The capability of the identification program is divided into
three modes of operation. Each mode is specified by use of input data
cards as is illustrated in the example section. First, the program
is run in a simulation mode. In this mode of operation the program
calculates the system response to specified forcing functions and
system parameters. The results are stored on disk from which a
punched card deck is obtained or the results are printed or plotted
using the on-line printer. Second, the program is operated in the
identification mode. In this mode of operation, measurements from
the plant (max. of 12 measurements and 200 data points per measure-
ment) are used to estimate specified parameters (max. of 36) of the
model., The identification program is given nominal values of the
parameters to start the iteration. It iterates until a best match
between the measured responsie and the model response is obtained.
2t the end of the iteration sequence the program prints the best
estimate of the parameters which produced the smallest error between
the measured and calculated response. The measured and calculated
responses can be stored on computer disk, printed or plotted by the

on-line printer for visual inspection of the results. The autocor-



relation of the measured and compﬁted output can also be obtained
in this mode of operation. The results can again be stored on
computer disk and then printed or plotted. Third, the program is
operated in the sensitivity analysis mode. The sensitivity is defined
(ref. 1) as a dimensionless ratio of the - change in the output due
to a change in the parameter. For this mode of operation the user
can specify the sensitivity analysis of all the parameters that are
to be estimated. This is done in order to expose those parameters
that are most sensitive to small variations. The most sensitive
parameters are then specified—inlthe identification mode since they
are most critical in matching the measured and calculated response.
The output for the sensitivity analysis is a table listing of the
parameters and their sensitivity. ©BRach of these three options is
demonstrated by an example and the meaning of the cutput results are
discussed.
ORGANIZATION OF PROGRAMS

The computer programs are divided into four categories:
user supplied procgrams, user modified programs, internal programs
and library programs. Each catagory will be discussed such that
the user can apply these programs to his particular problem. Table
1l gives a list of all the programs réquired for the identification
of the system parameters. The type of program as catagorized above
is also indicated in Table 1. The user supplied and the user
modified programs will be discussed in detail in the following pages,
while the discussion of the internal and library programs is given
in appendix A. The program discussion will be divided into a

section on program "Description” and a section on program "Usage".



In the "pescription" section a general overview of the individual
function of the program is given while in the "Usage" section the
function of each variable in the calling list and variables in the

common statements pertinent to the particular program are given.
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TABLE l.

LIST OF IDENTIFICATION PROGRAMS

1.

4-

5.

7.

8.

9.

10.
11l.
12.
13,
14.
15.
16,
17.
18.
19.
20.

MAIN2$$
NEWPS$
DERIVSS
OUTPUTS$$
PRINTLS S
IDENT1SS
INOUTSS
DYN$$
READINS$
PARAMS§
ADJUSTS$$
DYDASS
COR$$
TRADUCS $
ERRORS §
CRUNCH$$
PLOTIN$S
INTS
INTM

SETTIM

(user supplied program)

1 " 1"

11 " u

n L1 l

1 un ”
(user modified program)

n 1t "

1 it i

(internal program)

1t 1

(Library program)

n A1

1] "

BYTES OF

STORAGE
5032
4404
3764
1792
1564
3436
13224
1532
3652
5600
1856
11688
13704
556
2536
13892
3428
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USER SUPPLIED AND USER MODIFIED PROGRAMS

1. MAIN2S$

Description

MAIN258 is the main line program that will call the identif-
ication program. The parameters of the mathematical model are
read into the program and the same information is printed. Following
thé execution of these statements, the initial conditicns required
for the differential egquations of the model are defined in the
T array (see description of integration routine). For the example
programmed here the A matrir defined by the differential equation
of the mocdel §_= A(t)X + B(t)T is initialized using the system
parameters. After the initialization of the system equations
the subroutine IDENT1 is called. This subroutine calls all
the remaining subroutines until the identification of the
specified parameters is completed.

Usage

CALL MAIN2S$S§

At the beginning of the program the common /MAIN1/ must appear
with the T array whose size will depend on the order of the dynamic
model to be integrated (see description of internal subroutine in
appendix A). The remaining variables in common are used in modeling
the system dynamics for the helicopter rotor example illustrated.
The user can create new commons to describe his particular mathematical
model. These common statements should only be present in those
subroutines the user must supply (see list of user supplied sub-

routines). At the end of the MAIN2SS$ program the user calls the

11




subroytine IDENTL which in turn calls the identification programs.
2. NEWPSS$
Description
The NEWP subroutine is supplied by the user. The subroutine

lists the parameters of the model that are to be identified. The
list of parameters given for this particular example are shown at
the beginning of the program where they are defined by the P array
with the left side of the equation representing the variable name.
The identification program adjusts the P's until the best match
between the calculated and measured data is reached. Therefore
all coefficients in the model that are effected by the P's must be
recalculated every time the subroutine is called. Hence the remaiﬁing
part of the program calculates the coefficients of the mathematical
model that are effected as the parameters P change. The coefficients
listed in the program were previously initialized in the main program
but they must now be updated as the P's are varied.

Usage

CALIL: NEWP

There are no arguments in the call of the subroutine. The
labeled commons /MAINl/, /DERIV1/, /SENT1V/,/OUTNEW/,/INFLOW/,
and /REVSF/ were supplied by the user to define elements of the
model equations. The labeled common /RPM/ amd /COMl/ are associated
with the identification programs and must be present in the program
exactly as shown. The P array defines the parameters to be identi-

fied and the N1 variable defines the total number of parameters

12



that can be identified (max. N1=36). Following the common state-—
ments, the Fortran statement IF(N1.EQ.O) RETURN must follow in
order to by pass the program if no parameters are identifiezd. The
next statement must be the computed G@g TP statement

cg T4 (1,2,3...36),N1

2 BLOSS=P (2)
1  BIY=P(1)

If N1 is less than 36, for example N1=21, then the computed G@ Tg
and the list of parameters must be defined for 21 parameters. (See
example). Note that the variables BIY, BLOSS etc. are variable
names the user assigns to the parameters to be identified. The
user is free to choose these variable names as long as they are not
in conflict with the variables lefined in commen /RPM/ and /COMLl/.
3. DERIVSS

Description

The subroutine is supplied by the user and must be compatible
with the library integration routine used to integrate the equations
of motion. For the model simulated in this example, the DERIV sub-
routine evaluates the derivatives of the dynamical eguations that
are written in the form x=A%+Bu. If the egquations are not differen-
tial and some other means are used to obtain the calculated behavibr
of the model, the subroutine is not needed. The model response is
then entirely computed in the DYN subroutine (see description of

DYN) .

13
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Usage

There are no arguments in the calling list. All common state-
ments except the common /STATE/ are supplied by the user to generate
the model response. fhe common /STATE/ must be present in the program
as shown. The only variable used from the common statement are
defined by the arrays ¥M{200,12) and SCALE(1l2) (see READIN subroutine).
The YM array contains the measured response and the forcing functions
of the system. The SCALE {12) contains the scaling factors
required to convert the data in ¥YM to engineering units. For the
model programmed in DERIV, channels 7 and 8 contained the forcing
functions of the system. These foreing functions are needed to force
the mathematical model in the exact same manner as they were used
to force the actual system.
4, OUTPUTSS

Description

The subroutine OUTPUT is supplied by the user. The subroutine
is called by the DYN subroutine whenever a calculated data poiﬁt
is to be stored. The program calculates the output matrix y=Cx from‘
the state variables X. The results of ¥ are stored in the array
YC(200,12). The error between the calculated (¥YC) and the measured
response (YM) is stored in the array ER(2400). Finally the calculated
response YC is weighted by the weighting matrix WEIGHT (12} and the
result is stored in YW(2400).

Usage

CALL OUTZUT

Three common statements that come from the identification

14



o m et snit]

programs must be present in the subroutine. These commons are
/STATE/, /RPM/ and /WGHT/. The variables used in the OUTPUT sub-

routine from these commons are ND, NS, SCALE{12) which are defined

as:

ND number of data points in each measured output (read from input
data in the INOUT subroutine)

NS number of measured ouvtputs (read from input data in the INOUT

subroutine)
SCALE(12) scaling factors for 12 channels that convert data from
integer values to engineering units or back into integer values
(read from input data cards in the INOUT subroutine).
¥C(200,12) the computed response calculated in the OUTPUT
subroutine (maximum of 12 time histories containing a
maximum of 200 data points each).
¥YM(200,12) the measured array brought into the OUTPUT subroutine
{(read from data cards or computer disk by the READIN subroutine).
YW(2400}) the computed array YC{(200,12) weighted by the weighting
matrix WEIGHT(12) calculated in suvbroutine OUTPUT.
ER(2400) the error between the calculated and measured response
 obtained in the OUTPUT subroutine.
The remaining common stétements and variables are unigque to this
particular model simulation. The user must supply the required
commons to generate the ¥YC(200,12) and ¥YM(200,12) respectively. The
measured and computed data is converted to engineering units
with the scale factor SCALE(12) before printing., The array PSIi (200)
contains the\angle measurement corresponding to each measured and

computed data point. Other variables of interest to the user may be

15
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transferred to the subroutine for printing.

Usage

CALL PRINTL

The PR;NTl subroutine has no arguments in the calling list.
All variables are brought into the program through the common /STATE/
and /PRIN/. The variables used in tﬁe program for the common
/STATE/ are ND, NS, SCALE(12), ¥C(200,12) and ¥YM(200,12) which have
been defined in the discussion of the previous subroutine, All
variables in the common /PRIN/ are printed ont with the on-line
printer, The only variable of particular interest is the array
PSI1 (200} which contains the angle measurement corresponding to
each measured and computed data point stored in the matries YC(200,12)
and ¥YM(200,12}. The remaining variables are unique to the particulaxr
dynamic system modeled. The user may change the /PRIN/ common in
order to transfer variables into the program which he would like to
print.
6. IDENTLSS

Description
The subroutine calls a number of subroutines that carry out

the identification process. At the beginning of the program the
initial per cent variation for each parameter is set to 1% and
_the weight for all 12 measurements are set to 1, If different
weights are to be assigned, they can be read into the program
through input data cards (see example). The initial conditions
that are read into the main program and stoOred in the T array are
redefined in the matrix XINIR(J). The remaining part of the program

primarily deals with calling the input-output subroutine INOUT

14
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and the parameter idéntification routine PARAM. The subroutine ERROR
valled in IDENTIL calculates the relative error, the correlation,
ine autocorrelation of the error and variance of the parameters.
Three other subroutines called by the program are PRINTL, CRUNCH
and PLOTIN. The PRINT1 subroutine prints the results of the identi-~-
fication. The CRUNCH subroutine stores the data while the PLOTIN
subroutine plots the data on the "on-line" printer. Any one or
all of these options may be specified tc be executed by the program
from the input data cards (see example of data input).

Usage |

CALL IDENTL

The subroutine has no arguments in the calling list of the
program. All common statements must remain unchanged except for the
common /MAIN1/. This common is defined in the main program and
coﬁtains.a number of variables that define the parameters of the
system. The T matrix must be present in this common as has been
defined in the main program. The variable form common /MAIN1/ used
in the subroutine and its meaning is:
T(123) an array required by the integration routine AL INTS
| {see description of library subroutines used in the

program) .

Note that the remaining variables in this common statement are
given dummy names since they are not needed in the subroutine. The
user ﬁust“stdré in the XINIT(J) array the initial conditions
of the modeljtﬁat are defined in the T array (see lines 2900 and .

3300 of subroutiné IDENTL in appendix B). No further changes in



the remaining part of the program are to be made,

7. INOUT$S

Description

The subroutine is called by the IDENT1 subroutine and its
primary purpose is to read and write parameters of the model that
are to be identified. The measured data is read into the program by
the use of the subroutine READIN and is stored in the matrix ¥M(200,12).
The data can either be read from cards or from a computer disk
as will be described later in the déscription of the READIN sub-
routine. The measured and calculated data is scaled by the scaling
factor SCALE(J). This is done to compress the measured data on
cards in order to minimize the number of data cards. Further
discussion of the format used in reading the measured data cards
will be given in the description of the subroutine READIN,

Several options that the user may specify with input data cards
are also carried out in the program. (See example for data input).
The option for simulating the equations of motion with no identi-
fication is performed in the program between lines 24800 and 26400
(see listing of subroutine in appendix B). Control from the program
is returned to the IDENT1 subroutine unless an errcr in reading the
data cards is encountered upon which the program stops.

Usage

CALL INOUT (JJ) . '

The argument in the call is either 1 or 2. For JJ=1 the
input cards are read and written out. For JJ=2 the identification
has been completed and statements form lines 23100 and 24100 are

executed in the INOUT subroutine., The common statement /MAIN1/

18
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are:

T(123) an array réquired by the integration routine AL INTS,

and OMEGA.Ehe'angularlvelocity of rotor.
The angle increment indegrees and the equivalant time in _
‘seconds between measured data poinfs‘muSt'be calculaﬁed i the ‘
Y

prdgram. The step size (KDT ln millidegree) between measurements ls

‘brought into the program from the READIN subroutine. The lncrementﬂ

§ i
[

in degrees (DPSI) and the equivalant time interval (DT) are then -
calculated between lines 10600 and 10800 of the program. f
8. DYNSS

Description

The subroutine DYN is used to call the integration routines
that integrate the dynamical equations of motion for the mathematical
model. The first program called in the subroutineis the sub-
routine NEWP. The NEWP subroutine initializes
the parameters in the mathematical model that are to be identified.
Next the integration routine CALL INTS and CALL INTM are called.
These two routihes are standard library integration programs
that integrate first order differential equations of the form
§=f(§,t,) where §, and X are n—th order vectors and the prime
indicates differentiation with respect to the independent variable
t. These two routines also require a user supplied subroutine
named DERIV. The subroutine DERIV evaluates the derivatives

and stores them in the array T(4+N) where N is the number of

_différential.équatiOns.' The Tﬂarray7cénsiéts of 12N+3 cells

if Adams-Moulton optlon is used or 4N+3 cells if the Runge—Kutta

option is used. One addltlonal subroutlne supplled by “the user-

19
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and called in DYN is the suﬁroutine OUTPUT. This subroutine is.
called each time a‘calculated data point obtained by,thé.integration
routine is required to be stored. The complete time history for the
mathematical model is thus generated. .

if'intggration of the equations is not necessary then whatever
static equations governing the model behavior must be programmed
in the DYN subroutine., The integration subroutines and the. subroutine
DERIV are not required. Although the OUTPUT subroutine must be
supplied by the user and the calculated model reSponse mast be
stored in the appropriate matrices.

Usage

CALL DYN (N1, KT, RMIX)

The arguments in the calling list are:
N1 number of parameters (max 36; this parameter is not used in

the program)
KT must be set to 1 in the calling program. XT is used in the

program to initialize T(2) and alsc acts as a counter to

keep track of the number of times a calculated data point

is stored.
KMIX not used.

The labeled common /STATE/ must be present in the program.
This common is used to transfer variables between the identification
programs. The labeled common /MAIN1/ and /OUTNEW/ axe.supp;igd
by the user to obtain the time histories for the model equations
programmed. If the integration program.is_useq, the name of the
derivative subroutine must appear on an EXTERNAL card at the beg-

inning of the DYN subroutine.
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The remaining programs that are given in table 1 will be
discussed in appendix A. These programs are not changed by the
user unless he is acquainted with the functions of the programs

beyond the brief description given in the appendix.

SYSTEM DEPENUENT FEATURES
The only system dependent program in the list of table 1
is the subroutine PLOTIN. This subroutine requires a printer

with 125 CharacterS'per line and 45 lines per page.
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EXAMPLES USING THE IDENTIFICATION PROGRAM

Three examples are given to illustrate the application of the
programs tc a system of the form iﬁf(§,t). Each example illustrates
one unique feature of the program. The mathematical model that is
used throughout these examples is developed in reference 2. The
mathematical model represents the flapping and feathering dynamics
of a three bladed hingeless helicopter rotor in forward flight. The
equations of the model are linear but time wvarying and periocdic due
to the forward speed of the rotor. The complete eguations written
in state space form are shown in table 2. These equations are used
to0 illustrate the use of the identification program.

The three modes of operation for the identification program that
can be specified by external data cards are simulation, identification
and sensitivity. Each of these options i1s demonstrated below by
vse of an example. Regardless of which option is used, the user must
program the mathematical model equations that simulate the dynamic
behavior of the system. The changes reéuired in the computer programs
to incorporate the users mathematical model are outlined in the

section titled Organization of Programs.
EXAMPLE l: Simulation of Eguaticns

With the mathematical model incorporated in the identification
program, the simulation option of the program can be used. The main
program (MAIN25$) and the subroutine DERIV and NEWP (NEWP is not

used for the simulation option but the subroutine must be present
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in the calling sequences of the program} contain the dynamics for

the helicopter blade system in this example. The main program reads
and writes the input data used to simulate the helicopter blade
equations. The ﬁser supplies this portion of the program. The amount
of déta read into the program and written back out will depend on

the complexity of the users mathematical model. A sample of the

data input deck that is used to obtain the simulation run for the
equations of motion is shown in Figure 1l(a) and 1(b). Each card is

numbered from 1 to 54 along the left margin and is discussed below:
Data Card Input Discussion for Simulation Option

Card 1 The first card is the users logon card for the computer
system used.

Card 2 This card specifies the disk storage unit 07 and
identifies the data set by the name SIMUL.RQO0OC1.

Card 3 The name of the users main program is MAIN2§$. The
main program is called at this point and is followed
by the data cards. |

Card 4-16 These cards represent the input data for the users
mathematical model. The user may have more or less
data cards describing the mathematical model. The
number of cards will depend on the complexity of the
mathematical model and on the number of parameters to
be read into the program to completely describe the

dynamics of the system.

24

s gt




[P NP .

The data cards from this point on are read by the identification

programs (most of these data cards are read by subroutine IDENT1 and

INOUT and the format as shown here must be followed exactly). The

fortran names for these variables are also given below.

Card 17

Card 18

Card 19

ND

NS

KSK

NSTP

(format 3A4) For the simulation option the following
characters are punched starting in column 1 *SIMU-
LATICN.

(format 10A8) On this card any comment may be written
between columns 1 through 80.

(fofmat 715, 1211, I3) The variable names read into
the program from this card are:

number of parameters - maximum 36

number of data points over which the simulation is
performed (ND=199)

number of measured outputs (not greater than 12)

the skipping factor for data points to be read (can
be set to zero for simulation option since no measured
data is read into the program)

number of integration steps between measurement inter-
vals used in integrating the equations of motion (for
the simulation option NSTP ig a skipping factor for

the storing and printing of the results)
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LIST

INIT

ISTART
Caxd 20

SYMB

Card 21
Card 22-25

Card 26-29

code number indicating the last data point should
remain set at 10,000 for the three options illustrated.
set to zero for simulation option

set to zero for simulation option

set to zero for simulation option

{(format 4Al) The variable on this card is defined as:
four one-character symbols used to plot the time
histories on the on-line printer.

This card remains blank for the simulation run.
{(format 6E10.3) The format for each data card is
6E10.3 with a C in column 65 if the next card is a
continuation of the parameters to be read. On these
cards the values of the parameters in the simulation
option is entered. Since a maximum of 36 parameters
can be identified a maximum of 6 cards can be found
here. For this case only 21 parameters are investi-
gated and hence 4 cards are needed with 6 values
each on the first three cards and 3 values on the
4th card.

(format 6El0.3) These cards represent the lower
bounds of the parameter values that are entered

on cards 22 to 25. For the simulation option these
cards are blank. The number of blank cards must

be equal to the number of parameter cards (cards

22 to 25). For this case there are 4 parameter cards

hence 4 blank cards are required.
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Cards 20-33 (format 6E10,3) These cards represent the upper
bounds of the parameter values that have been
entered on cards 22 to 25. For the simulation
option these cards are blank. The number of blank
cards must be equal to the number of parameter
cards (cards 22 to 25)

Cards 34 & 35 (format 12(A4,1X)) Each card contains the name of
the parameter as they are entered on cards 22 to 25.
A maximum of 4 characters for each name is allowed.
There must be as many cards as needed to define the
name of the Nl parameters. For this case N1=21 and
with a format of 12(A4,1¥X) for each card, two cards
containing the names of the parameters are required.

Cards 36-39 (format 6E10.3/6A8/6E10.3/6A8) These cards contain
the scaling factors and the units for the measured
and computed data. The scaling factors (maximum of
12 for the 12 possible measurements) scale the measured
and computed data between magnitudes of +10,000 for
internal computation. The scaling factors are also
used to convert the output data back to engineering
units. For the simulation option the scaling factors
entered are chosen with some a prior knowledge
of the magnitude for the output channels. The scaling
factors are then determined by dividing the largest

magnitude of each channel by 10,000.
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The scale factors are entered on the first card
which is followed by a second card with the units
. of the corresponding channel. The format for the
scaling factors is 6El0.3 and the units are entered
with format 6A8 on the next card. The: ordering of
the scaling card followed by the card containing the
units must be followed if more than 6 scaling factors
are needed. Also a C must be punched in column 65
of the first scaling card if more than 6 scaling
factors are entered.
Cards 40-42 (format 10A8) The units of the parameters are defined
on these cards. Ten names are punched per card
with eight characters for each unit name. As many
. data cards as needed to define the units of all the
parameters must be supplied.
(The following three cards are unique to the simulation option.)
Card 43 For the simulation option the characters DSET05 are

entered on this card.

Card 44 The characters RUN are punched in the first three
columns and a 1 appears in column 6 with a run
identification number between 0 and 99 punched in
columns 8 and 9. 1In columns 16.to 19 the step size
to be used by the integration routine in millidegreeé
is entered. For this case the step size is 5778

Q‘ - millidegrees.

Card 45 The word END appears on this card for the simulation

option.
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Card 46

Card 47

Card 48

Card 49

Card 50

(***k**k%%%) The 10 stars on this card indicate .
the end of the command seguence that started with

data card 43. /

The first 4 columns will contain the word DSET and

the next 2 columns contain the disk number (07

in this example) on which the generated data is

stored. In columns 9 and 12 the user can enter

run identification numbers of his choice.

(*STORAGE) This command must follow the disk number

card (card 47) with a 1 in columns 11 to 22 if all

computed data is to be stored. For this example four

ones appear in columns 11 to 14 to indicate storage

of the first 4 output channels.

(*GO PLOT) This command will prepare the program to

plot the time histories that are specified by the .
next card.

(format A8, I2, 4I5) The first 8 characters contain

the command **QUTPUT. In columns 10, 15, 20 and 25

the channel numbers to be plotted are punched, which

in this example are channels 1, 2, 3 and 4. If more

“than 4 channels are required to be plotted, the next

card must again start with the command **QUTPUT and
with the appropriate channel numbers in columns 10,

15, 20 and 25.
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Card 51 (*GO PRINT) This command will print the calculated
data that has been stored in the subroutine PRINTL.
Card 52 (****%k*k%k*%%) phe 10 stars indicate the end of the
above command sequence that started with card 47.
Card 53 {(*RETURN) This card returns command from the subroutine
IDENT1 to the users main program.
Card 54 (LOGOFF) This is a job control card that starts in
column 3 and terminates the execution of the program.
The exact number of cards as outlined in the example will vary,
depending on the problem the user is trying to solve. Therefore the
data input card number Wiil vary from problem to problem. However,
the order of these data cards must be followed as has been outlined.
In the next section the corresponding computer output for the simulation
example is discussed.

Computer Program Output Discussion for Simulation Option

Figure l(c) shows the corresponding output for the simulation run
when the data input deck of figures l(a) and 1(b) is executed. The
output on figures l(c) and 1(d) are produced by the users maln program.
As was discussed previously the user writes any desired output on the
"on-line” printer required to describe the mathematical model.. The
output on figures l(é) to 1(k) is produced by the identification program
and is briefly discussed. The title printed on the top of figure l(e)
was entered on card 18 of the data input cards. The next 4 lines give

a print-out of the data read into the program on card 19. The initial
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conditions printed here were read into the main program and then
transferred through a common statement into the IDENT1 subroutine (see
discussion of IDENT1 subroutine). The remaining print-ocut on this .
figure follows closely to the information that was read into the pro-
gram in figure 1 (a) starting with card 18. On figure 1(f) the first
line identifies the run number that was read into the program on card
44 of figure l(a). The variable KDT on the first line represents the
step size in millidegrees at which the output data was stored. The
remaining print-out indicates that the output variables reguested

to be stored have been stored and that an on-line printer plot of the
data will follow. Figures 1{g) through 1(i) illustrate the on-line
plotting feature of the computed output. Although the title of the
plots are "Measured and Computed Time Histories", note that for

the simulation option of the program, only the computed time history is
plotted. On the right margin of each plet the corresponding time
(azimuth angle in degrees for this example) is printed for each plotted
data point. Only a portion of each time history is shown here for
illustrative purposes. To evaluate the magnitude for each plotted

axis produced by the on-line printer, the following formula is used.
The scaling factor of the channel to be plotted is multiplied by

the largest of the two Fortran variables (MEAS or COMP) printed at

the end of each plot. This gives £he maximum magnitude of the

y-axis, Since 25 carriage spaces are allowed for the positive and
negative y-axis of each plot, 1 th of the maximum magnitude gives

the magnitude of each carriage space. Applying the formula to variable
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1 of figure 1l(g) gives a maximum magnitude of 4000 f£t-1lbs (SCALE
(1)* MEAS = (4x10"") (1x10%)=4000 ft-1bs) or 160 ft-1lbs per carriage
space (3, *4000=160 ft-lbs).

The printed output of the plotted data is given on figures 1(j)
and 1(k). The information printed on these figures was stored in the
PRINT1 subroutine (see discussion of PRINTL1 subroutine). For the
gsimulation example the data given under the title MEASURED VALUES
on figure 1l{(j) is the same as given under the title COMPUTED OUTPUT
VALUES, since no measured data is read into the program for the
simulation option. Only a portion of the printed data is presented
to illustrate the output format of the simulation option. The last
few lines on figure 1(k) indicate the end of the simulation run with
a print-out of the computation time to execute the option.

Figure 1 (&) shows the complete time history for the simulation
run for 6 rotor revolutions. These plots are produced off-line from
the computed data that was stored on computer disk 07 under the
name SIMUL. ROCO0L (see input data deck figure 1(a) line 2). The upper
two traces of figure 1(2) represent the roll and pitch hub moments
while t£he lower two traces give the swashplate roll and pitch angles

in rotating coordinates for 6 rotor revolutions.
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Example 2: Parameter Identification

+ As discussed in example 1, the users mathematical model must
be incorporated in the identification program. The main program
(MAIN2§$) and the subroutine DERIVES, NEWPS$S, OUTPUTSS and PRINTISS
are entirely supplied by the user. Some modifications aﬁe required
of subroutine IDENTL$$, INOUTSS and DYN$$. A discussion of program
changes required to incorporate the users mathematical model is given
in the section "Organization of Programs". All information the user
prefers to display about the mathematical model should be read into the
main program and written back out on the on-line printer. This
has been done for the mathematical model treated here, as was seen
for the data inputs and print-out of example 1 figure 1l(a) and 1(b).
A similar discussion will follow using the programs in the parameter
identification option. First the data input cards are discussed
for this option which are followed by a discussion of the parameter
identification output.

A listing of the input data deck for this example is given in
figures 2(a) and 2(b). The input cards are numbered from 1 to 68 for
the following discussion. The explanation of some of these input cards
was given in example 1 where the simulation option was outlined.

Data Card Input Discussion for Identification Option

Card 1 The first card as well as the last card (card 68) are
unique to the users computing system and the user must

supply these cards.
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Card 2

Card 3

Card 4

Card 5-17

This card defines a data set on which the output

is stored (disk 10 with the name IDENT. R0026).

The disk number to be used for storing the data

is requested on input card 63. If the urer does

not have the capability of disk storage, then

the user may either write the output information on
tape or print the output without storing it.

This card defines the data set on which the measured
data required for the identification has been stored
(disk 20 with the name SFCT01l.RUN6). The disk number
to be used is specified hy card 43. If the user

does not have the capability of disk storage, the
measured data must be supplied either on tapc storage
or on a punched card deck. Further discussion using
punched card inputs is given on Card 43,

The user calls the main program on this card. For the
three examples given here, the name of the main program
is MAIN2$S. The input'cards for the identification run
follows the calling of the main program..‘

These cards represent the input data the user supplies
to his main program. The number of cards wiil depend
on .the complexity dﬁ tﬁe-users mathgmatical model

and on the numb&r‘of_paraméters of the model the ‘user

desires to\reaﬂ~in£o the program.
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The input data cards from this point on are read by the

identification programs in subroutine IDENT1$§ and INOUT$$. As has

been ment.ioned in the simulation example 1, the format for the input

data from this point on must be carefully followed.

Card 18

Card 19

N1l

ND

NS

KSK

NSTP

KSTOP

LIST

On this card any comment may be written in columns

1l to 80, This comment is written at the beginning

of the identification run.

format (715; 1211, I3) The variables are defined

as:

number of parameters - maximum 36

number of data points in each measured output - equal
to or less than 199

number of measured outputs - equal to or less than 12
the skipping factor for the measured data *o be read
inte the program

nunmber of steps between the measurement intervals used
in integrating the equations of motion - example: if
NSTP=2 and the data is recorded every 10 degrees then
the integration step size is 5 degrees

code number indicating the last data point - should
remain set at 10,000 for the three options illustrated
this variable is either 0 or 1. If it is set to 1,
then the measured data read from computer disk,

tape or cards is written out before the identification
program. If LIST is set to 0 no measured data is

printed.
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INIT

1S5TART

Jard 210

SYMB

KSWTICH

ITPL

IFLOTL
IPLOTZ2

KSKIP

ITMAX

0 for identification option

defines the first value to be read from the measured

data, (example, if I?TART=5, the program will start
reading the measured data starting with the fifth

value) ISTART is normally set to zero

format (421, 1X, 6I5, 15X, ¥Pl0.5, 10%, 2I5) The

variables on this card are defined as:

four one-character symbols used to plot the time

histories

set to zero for all options

specifies the iteration number at which a plot is
requested (the on-line printer produces a two axis

plot which plots on e¢ach axis the measured and computed
data)

channel number to be plotted on the first axis

channel number to be plotted on the second axis

skipping factor for data to be plotted (example; if'

it is desired to plot the measured and computed data

of output channel number 3 and 5 at iteration 2 and at |
every other data point, then the above variables are
set to: ITPL=2, IPLOT1=3, IPLOT2=5, ISKIP=2, If all
of these variables are set to zero, a later option
(cards 52 to 61 can be used to plot the final results
of the identification)

magximum number of iterations
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THR

ICOR

Card 21

threshold value for subroutine COR - between 0 and

1 but usually set at about .00l. THR is used in the
dependent analysis of the subroutine COR. The extent
of the dependence between parameters is specified by
the threshold value (THR), For linear independence
THR=0 and for linear dependence THR=1. For a complete
discussion of the dependent analysis and the subroutine
COR see reference 1.

integer between 0 and 6 which specifies the amount of
output to be printed from subroutine COR. If MCOR=0,
no output is printed from subroutine COR while

MCOR=6 gives the maximum printed output from subroutine
COR. MCOR is usually set to € for the identification
run.

iteration number at which the output of the dependence
analysis in subroutine COR 1is printed

(fofmat 36I1) The variable name for this card is MNS{Nl).
A maximum of 36 one-digit—integers associated with

the 36 parameters that can be identified by the
program. If any one of the 36 integers is set to zero,
the corresponding parameter is not identified.

In the example, a 1 has been punched in columns 2,3,4,
15, 16 and 21 which indicates that parameters associated
with coluﬁn 2,3,4,15,16 and 21 are to be identified.
Note that in this example a maximum of 21 parameters

of the model can be identified since N1=21 on card 19.
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INIT

ISTART

Zard 20

SYMB

KSWICH

ITPL

IPLOTL
IPLOTZ2

KSKIP

ITMAX

0 for identification option

defines the first value to be read from the measured
data. (example, if IgTART=5, the program will start
reading the measured data starting with the fifth
value) ISTART is normally set to zero

format (4Al, 1X, 6I5, 15X, F10.5, 10X, 2I5) The
variahles on this card are defined as:

four one-character symbols used to plot the time
histories

set to zero for all options

specifies the iteration number at which a plot is
requested (the on~line printer produces a two axis
plot which pXots on each axis the measured and computed
data)

channel number to be plotted on the first axis
channel number to be plotted on the second axis
skipping factor for data to be plotted (example; if
it is desired to plot the measured and computed data
of output channel number 3 and 5 at iteration 2 and at
every other data point, then the above variables are
set to: ITPL=2, IPLOT1=3, IPLOTZ2=5, ISKIP=2, If all
of these variables are set to zero, a later option
(cards 52 to 61 can be used to plot the f£final results
of the identification)

maximum number of iterations
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Card 22~25

Card 26-29

Card 30-33

Card 34-35

(format 6EL0.3) The nominal values of the parameters

to be identified are punched on these cards. The 5
names and units for eacli cf these parameters is
specified latter on in the data deck. The user
determines the ordering of the parameters in the sub-
routine NEWPS$S (see description of subroutine NEWPSS).
Oncé this order has been established the parameters
must be read into the program accordingly. The C in
column 65 indicates continuation of the parameters to
be read into the program (also see simulation example
for this discussion).

(format 6E10.3) The lower limit the identification
program can adjust the nominal values of the para-
meters are punched on these cards. The same formating
is used to read these cards as was used to read in

the nominal wvalues (card 22-25)l

(format 6E10.3) The upper limit the identification
program can adjust the nominal values of the parameters
are punched on these cards. g
(format 12(A4,1X) These cards contain the name of the
parameters in the order they are entered on card 22 to
25, A maximum of 4 characters for each name is allowed.
There must be as many cards as needed to define the name

of the Nl parameters.
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Card 36-3%

Card 40-42

Card 43

(format 6E10.3/6A8/6El0.3/6A8) These cards contain

the scaling factors and the units for the measured

and computed data. For the identification example

the measured data is.read into the program with an
integer format (see subroutine READIN). The scaling
factors used to convert the integer format to engineer-
ing units are entered on these 4 data cards. If

only four measurements are read into the program then
the corresponding 4 scaling factor must be entered.

The scaling factors for the remaining channels can

be obtained as has been discussed under the simulation
example 1.

(format 10A8) The units of the parameters are defined
on these cards. Ten names can be punched per card with
eiqght characters for each unit name. As many data cards
must be supplied to define the units of all parameters.
For the identification option this card contains
DSETxx where xx represents the disk unit on which the
measured data is stored. If the data is not read from
a computer disk, then the data can be entered at this
point using data cards. The procedure for entering

the data cards has been discussed in the simulation
example l(a) under Card 43 to 45. The data cards will
follow card 44 and are entered with a format compatible

with the subroutine READINSS.
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Card 44

Card 45-48

Card 49

This card contains the command *RELVAR starting

in column 1. The command refers to the percentage
variation that each parameter is allowed to vary

from its nominal value for the first iteration. The
cards immediately following the *RELVAR command
contain the percentage variation for the parameters.
If the percentage variation is set to zero the program
starts with a 1% change for each parameter. After

the first iteration the program determines the percentage
variation internally. At the end of the desired number
of iterations the percentage variation for each para-
meter is printed. This information can be read again
into the program at this point if more iterations are
required for the same case.

(format 6E10.3) These cards contain the percentage
variation for all the parameters. The same format as
was used to read in the nominal values of the para-
meters is used to read in the percentage variations.
This card will contain the command *READWGH. The
command refers to the weights that are to be used

for the NS values. Following the values of weights,
the values of ERRMIN and DMIN are read into the
program. The variable ERRMIN refers ﬁo the minimum

ERROR ({error between measured and calculated value)
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the ldentification algorithm will stop iterating.

The value DMIN refers to the minimum value a

parameter is considered irrelevant in effecting

the output response.

For this example four measurements are used for

the identification of the parameters, hence four

welghts are given on card 49 followed by the

values for ERRMIN and DMIN. It should be noted

that the weights for all chanﬁels was taken equal

to 1. The weights should be set to 1 if the measured

data has been scaled to fall between +10,000 as

was done in all cases here. If the measured data

had not been scaled, the difference in magnitude

between the angle and moment measurements would be

very large and a weighting factor would be required.
Card 51 This card contains ten stars (*) indicating the

end of the series of data cards beginning with card

44 titled *RELVAR. The starred card must always

be present regardless of whether the relative variation

data or the weight data is present. The input data

cards starting with card 52 and ending with card 65

are reirenedto as the second set of input commands

that must always end with a starred card (card 66).

Anyone or all of the options listed can be requested.

In this example all options are given to illustrate
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to the user how these options are used.

Card 52 The command *GO PLOT will prepare the program to
plot some of the time histories that are specified
by the next card.

Card 53 (format A8, I2, 415) The command card **QUTPUT
specifies in columns 10, 15, 20 and 25 which
channels are to be plotted. If more than four
channels are required to be plotted the next card
must again be **QUTPUT with the appropriate channel
numbers in columns 10, 15, 20 and 25. A maximum of
12 channels can be plotted hence a maximum of 3 out-
put cards may be required. For this example four
output channels are plotted and only one output
command card is needed.

Card 54-57 (format 8A, I2, 2I5) The command card **RESAMP plots
the amplitude and the amplitude difference (residual
amplitude) between the measured and calculated data.
The first integer on the **RESAMP card refers to the
output channel for which the residual amplitude is
to be calculated. The second integer refers to the
channel number in which the calculated residual
amplitude is stored. The computed and measured
results are then plotted on the left half of the
computer paper, with the residual amplitudes plotted

on the right half of the computer paper.
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Card 58-61 (format 8A, I2, 2I5) The command card **RESCOR
plots the amplitude and the residual autocorrelation
function corresponding to the outputs. The first
integer on the **RESCOR card refers to the output
channel for which the residual amplitude is to be
calculated. The second integer refers to the channel
number in which the calculated residual autocorrelation
is stored. The results are plotted as was discussed
under card 54 to 57.
Care must be exercised when using the above two options
that adegunate number of channels are available to
store the calculated residual amplitudes and the
residual autocorrelations. For example, if it is
required to make the above calculations for 5 of
the output channels, then a total of 15 channels are
required but only 12 channels are available. In
this case not all the residual amplitudes and resi-
dual autocorrelation functions can be calculated
unless three of the output channels are destroyed.

Card 62 (format 8A) This card contains the command *GO STORE
that prepares the program for storing the desired
channels specified by the next two cards.

Card 63 (format 4A, I2, 2X, 2I2) This card will contain the
command DSET followed by the disk number on which

the output data is stored. For this example the
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Card 64

Card 65

Card 66

disk number is 10 and the name of the data set is
given on card 2 as IDENT.R0026. The remaining in-
tegers on this card can be left blank or used for
identifying the run number.

{(format 8A, 2X, 12I1l) The command card *STORAGE
followed by 12 one digit numbexrs specifies which
channels are to be stored. If any one of the 12
channels is not required to be stored then the
corresponding digit on this card is set to zero.
(format 2A5) The command card *GO PRINT will print
the data stored in the PRINT1$$ subroutine.

(format 2A5) This card contains 10 stars to indicate
to the program that the end of the second set of
command cards has been reached (second set of command
cards started with card 52). The number of cards
between cards 52 and 65 will vary depending on what
output the user likes to calculate and display. For
example, the user may have been only interested in a
plot of the output (command cards 52 and 53) and a
computer print out of the results (card 65). 1In this
case only three cards would appear between card 51 and
66 but the starred command (card 66) must be present

to end this command sequence.

a4



Card 67 (format 8A) The command *RETURN returns control from

the identification programs to the users main program.

Card 68 This is the computer job termination card for the

computer system used to generate the data for the
identification example discussed here.

The exact number of cards as outlined in this example will vary,
depending on the problem the user is trying to smeclve. However, the
ordering of the data cards should be followed as has been outlined in
this example. Some variation in the ordering of the option cards
*RELVAR, *READWGH, *GO PLOT, **OUTPUT, *GO STORE and *GO PRINT may be
carried out, although it is best to maintain the ordering that has
been outlined in this example. Any one of these options or all of
the options shown in this example may be left out without effecting the

execution of the program.
Computer Program Output Discussion for Identification Option

The computer output produced after executing the identification
program is shown in figures 2{(¢) through 2(ii). The printed output on
figure 2(c) and the top 2 lines of figure 2(d) are produced by the
users main program. The remaining lines on figure 2(d) are written
by the subroutine READINSS after the measured data is read into the
program from disk number 20 (see input data card 2). The information
printed indicates that the increment between measured data points (KDT)
is 11556 millidegree and that every other data point (SKIP) was read.
A total of 64 data points for each of the 9 channels indicated on

figure 2(d) have been read and stored in the program.
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The printed output on figures 2(e) to 2(ii) is produced by the
identification program. All information printed on figure 2{e) was read
into the program from data cards 18 to 49. Only the initial conditions
were read into the program from data cards 5 to 17 and then were trans-
ferred through common into the identification program. These initial
conditions are printed on figure 2(e) along with the remaining para-
meters of the system.

On figure 2(f) the title "ITERATION O" is printed and below the
title the values of the parameters used in the model simulation are
displayed. These initial parameter values determine the math model's
response before the identification algorithm is used. The relative
error and the cost calculated from the difference between the model's
response and the measured data are also given. The relative error is
defined as the square root of the sﬁm of the error sguared divided by
the area between the model response and the measured data. The cost
is defined as the sum of the error (between model and measurement)
squared. When scanning the identification output results the relative
error and the cost for each iteration should be observed. These
quantities should decrease after several iterations if the identification
algorithm is improving the match between the model simulation and the
measured data.

The results printed on figure 2(g) and those on top of figure 2 (h)
are calculated in subroutine ("OR. The subroutine determines the uni-

gqueness of the parameters to be identified. Two examples discussing the
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output from this subroutine are given in reference 1 on page 51 and
52, A brief discussion of this output will be given here. The first
column titled "BASIC PARAMETER" giwes a list of the parameters that
were specified to be identified by the program in order of decreasing
orthogonality. The second column titled "SEPARATION" give a measure
of the orthogonality. The third column titled "CRITICAL PARAMETER"
gives a list of those parameters that may become dependent if the
threshold e is decreased (The threshold e is the angle between two
basic vectors; if e=0 the vectors are linear dependent. The threshold
value was specified on card 19). The last column gives the separation
for the critical parameters. The results are interpreted as follows:
the basic parameter chosen was TWST and the next parameter found by
the program which was almost orthogonal to the parameter TWST was

the parameter BETA. The separation between parameters TWST and BETA
was 9.49E~0l., (a separation of 1 would indicate complete orthogonality
or complete independence between these two parameters). The critical
parameter was found to be CLEC with a separation of 1.27E-02. This
indicates that if the threshold was increased from‘thervalue specified
in the program, the next most likely parameter to become dependent will
be CLEC. This procedure continues for all the parameters that were
specified to be identified with the basis vectors becoming less and
less orthogonal. On figure 2(h) the threshold used in the program is
printed followed by a line of digits 0 or 2 one for each of the 21
parameters. The zero indicates the corresponding parameter was not

reguested to be identified, The two indicates the corresponding
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parameter was specified to be identified and was found to be indegen"
dent of the other parameters. A one for any one of these digits
indicates the corresponding parameters to be dependent 0? some other
parameter in the set. All this information is summarized on figure

2 (h) under the titles "INDEPENDENT PARAMETERS", "IRRELAVANT PARAMETERS",
"NOT ESTIMATED" and "NOT USED". The row starting with the word

STATUS and followed by 21 numbers with tie nomonic NU (abbreviation

for not used) refers to the 21 parameterrs of the model aﬁd whether

the parameter was requested to be identified. The following row
starting with the nomonic SENS gives the sensitiyity of the parameters
that were specified to be identified. The last five rows on figure 2(h)
give the results for the first iteration with the relative error and
the cost for this iteration printed on the right hand side (note that
the relative error and cost have decreased from iteration 0). The

rest of the information printed on fijyure 2 (h) gives the values for the
identified parameters after the first iteration. The print out on
figures 2(i) and 2(j) is similar to what has been discussed previously.
On figure 2(k) the final results of the identification are given. First
a fit test between the measured and calculated results is given in
terms of cost, correlation and relative error which is followed by

the values of the estimated parameters. The name of each parameter and
its estimated value, error bounds, units, sensitivity and dependency
index for each parameter is given. Following this print out the out-

put requested on data cards 52 to 62 is displayed.
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The *GO PLOT command initiates the plotting of variables specified
on data cards 52 to 61. The computer plot of variables stored in
channels 1, 2, 3 and 4 are plotted on figures 2{(e) through 2(o). On
these figures the comparison of the measured and calculated variables
are plotted with the corresponding time (angle measurement) printed
on the far right side of the figures. In order to evaluate the magni-
tude of each plotted axis produced by the on-~line printer, the following
formula must be used. The scaling factor of the channel to be plotted
is multiplied by the largest of the two Fortran variables (MEAS or
COMP) printed at the end of each plot. This will give the maximum
magnitude of the y-axis. Since 25 carriage spaces are allowed for the
positive and negative y-axis of each plot, %Bth of the maximum mag-
nitude gives the magnitude of each carriage space. (see example 1
where this calculation has been done for illustrative purposes).

The information printed on figures 2(p) through 2(w) was specified
by data cards 54 thru 57 with the option cards **RESAMP. The **RESAMP
option calculates the residual amplitude correlation for the measured
and calculated output.r On the left side of figure 2(p) the measured
and calculated output for the first channel is plotted and the resulting
amplitude correlation is plotted on the right side of figure 2(p). The
results for the next 3 channels are plotted on figures 2(r) to 2(w).

The plot on figure 2(x) gives the re=idual autocorrelation of the
error betweeinl computed and measured data for channel 1. The measured
and calculated results are plotted on the left while the residual

autocorrelation function is plotted on the right side of figure 2(x).
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The residual autocorrelation for channel 2, 3 and 4 are given on

figures 2(z) and 2(ee).

At the middle of figure 2(ee) the command to store the calculated

data on computer disk is printed. This command was given on data

input cards 62 to 64. At the beginning of the data deck,disk unit 10

was specified for storing the output data under the name IDENT. R0026.
On figure 2(ff) run identification numbers specified by the user,
the step size in millidegrees and an identification digit of 0 or 1

(0 indicates the variable is not stored while a 1 indicates the corres-

ponding channsl is stored) are printed. This information was read

into the program from data cards 63 to 64. The’results on figure

2(gg) ©onfirms the storing of each channel as it was stored on disk.
Alsoc a scale factor to be used by the user in retrieving the data from
disk is given for those channels that require a new scaling factor.
The scaling factors for channels not given on figure 2(gg) must use
the scaling factors giver on data card 36 to 39 of the input deck.

The final output for this identification run is given by the

command *GO PRINT. This command prints the channels the user has

requested in the subroutine PRINT1S8$. For this example measured

and computed results of the identification are printed on figures
2(hh) and 2(ii).
The information stored on computer disk (unit 10 under name

IDENT.RO026) was plotted more accurately {(as compared to the on line

printer plot) with a CALCOMP plotter and is shown in figuresz 2(jj)& 2(kk).

The upper traces of each plot show the comparison of the measured and
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calculated results after two iterations using the identification -
program. The middle trace is a plot of the residual amplitude .
correlation while the bottom plot shows the residual autocorrela;
tion of the error between computed and measured data.

This completes the discussion of the input data cards and corres-
ponding computer output for the program in the identification mode.

FPor this example only two iterations had been specified, although the

format for the output will be similar if more iterations are required.
In some cases the program may stop before the total number of iterations
specified have been reached. This will occur if the algorithm can

not f£find further improvements in the time history matching between

neasured and calculated data.
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Example 3: SENSITIVITY ANALYSIS

This example outlines the procedure to be followed to obtain a
a sensitivity analysis of the model parameters. With the users ﬁathe-
matical model incorporated into the identification programs as discussed
pnder "Organization of Programs" the sensitivity analysis can be obtained.
The sensitivity as calculated in this program is defined as a dimensionless
ratio of the change in the output due to a change in the parameter.

A similar procedure used in examples 1 and 2 to obtain the simu-
lation and identification runs is used to obtain the sensitivity
analysis. First, the data input deck for the sensitivity analysis
is discussed line by line. Second, the corresponding output obtained
by executing the input dec¢k is given.

A listing of the input data deck is shown in figures 3(a) and
3(b). The input cards are numbered from 1 to 49 for the following
discussion. It should again be pointed out that the user may not
}ave the same number of data cards. This will depend on the complexity
of the users mathematical model and on how much data he prefers to
read into the program and the number of parameters to be identified.

For this example the sensitivity analysis is performed for 21
parameters, although the program has the capability to obtain the
sensitivity analysis for 36 parameters.,

An explanation of the input data cards shown in figures 3(a) and

3(b) is given below.
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Data Card Input Discussion for Sensitivity Option

Card 1

Card 2

Card 3-15

This is the logon procedural card for the
computing system used to execute the program.
The user calls the main program on this card.
These cards represent the input data the user
supplies to the main program that describe
the mathematical model. (Same as in example

1l and 2).

As in the previous two cases, the input cards from here on

are read by the identification subroutines.

Card 16

Card 17

Card 18
Nl

ND

KSK

NSTP

XSTP

(format 324) The command card *SENSITIVITY
defines the sensitivity option of the identifi-
catién programs.

(format 10A8) Any comment can be written on
this card by the user. This comment is written
at the beginning of the computer print-out.

The name of the option used is an appropriate
comment to be punched on this card.

(format 6I5) The variables are defined as:
number of parameters - maximum 36

number of data points over which the sensitivity
analysis is to be caluclated (ND=199)

set equal to 0 or 1 for sensitivity analysis
number of integration steps between the measure-
ment interval specified by card 43

a code numper set to 10000 for the sensitivity

option
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card 19 (format 4Al, 46X, F10.5, 10X, 2I5) The vari-
ables on this card are defined as:

SYMB left blank for the sensitivity analysis

THR threshold value for subroutine COR which can
take on values from 0 tc 1 but is usually set

to .00l. {see explanation on Card 20 of example

2)
MCOR set to 6 for the sensitivity analysis
Card 20 {(format 36I1) A maximum of 36 one-digit

integers associated with the 36 parameters.

For the sensitivity analysis the integers must
be set to 2 if the sensitvity of the parameters
is to be obtained or 0 if it is not to be cal-
culated.

Card 21-24 (format 6EL0.3) The nominal values of the para-
meters for which the sensitivity analysis is
to be calculated. (See discussion under example
2, Card 22-25).

Card 25-28 (format 6E10.3) For the sensitivity analysis
these cairds are blank. The number of blank
cards must be equal to the number of parameter
cards (cards 21--24).

Card 29-32 (format 6E10.3) These cards are blank for the
sensitivity analysis. The number of of blank
cards must be equal to the number of parameter

cards.

54




Card 33-34

Card 35-38

Card 42

Card 43

Card 44

Card 48

(format 12(A4, 1lX)) These cards contain the
name of the parameters whose nominal values where
given on Cards 21 to 24,

(format 10A8) The units for the parameters
given on Cards 21 to 24 are specified on these
cards. Ten names can be punched per card
with eight characters for each unit name. As
many “ata cards are supplied to define the
units of all parameters,

(format A3, I2) For the sensitivity option
the characters DSET05 are entered on this
card.

(format A3, 2I3, 6X,I5) For the sensitivity
option the work RUN appears in the first
three characters of this card. The next

two integers can be used by the user for

run identification purposes. The last
integers represent the measurement interval
or the step size if NSTP on card 18 is set

to 1. For NSTP>1l the measurement interval
will be divided by NSTP,

(format A3) This caxrd must contain the word
END,

This is the computer job termination card for
the computing system used to generate the

sensitivity analysis.
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As in the previous two examples some variation in the number
of data cards for the sensitivity run may occur, but this will
depend on the problem the user is trying to solve. The order
of these data cards will remain the same for the sensitivity
option. The computer output obtained after executing the sensi-

tivity example data cards is discussed below.

COMPUTER PROGRAM OUTPUT DISCUSSION FOR SENSITIVITY OPTION

Figure 3(c) shows.the computer printout for the sensitivity
example. The output on figure 3(c) and part of figure 3(4)
are produced by the users main program as has been previously
discussed. The bottom two lines on figure 3(d) represent the
beginning of the sensitivity analysis output. These two lines
were entered irnto the program from data cards 16 &nd 17 and are
displayed here. On figure 3(e) the identification program
displays a message that is printed from the READINSS subroutine
which has no meaning for this option. The remaining informantion
printed on figure 3(e) was specified on data cards 18 and 42.
Figure 3(f) is a printout of information that was entered through
data cards 16 to 41._ This printout is similar to that shown for
the simulation and identification example. The last 5 lines
on figure 3(f) are a printout of the model parameters used in
the model simulation for obtaining the sensitivity analysis.

The information printed on figure 3(g) is the result of
the dependent analysis performed in subroutine COR (see reference

1). The first column titled "BASIC PARAMETER: gives a list of
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the parameters in order of decreasing orthogonality. The second
column titled "SEPARATION" gives a measure of 'the orthogonality.
The third column titled "CRITICAL PARAMETER" gives a list of
those parameters that may become dependent if the threshold
is increased. (The threshold e is the angle bhetween two basic
vectors; if =0 the vectors are linear dependent. The value for
¢ was read into the program on data card 19). The fourth column
titled "SEPARATION" gives the separation for the critical para-
meter. To interpret the output listed in the four columns, one
observes first what the "basic parameters" are for the model and
next which parameters are the "critical parameters". As an example,
the first parameter printed is GYIP, and. the next parameter
selected by the program is LAMX with a separation of 1 which
indicates orthogonality between these vectors. The critical
parameter associated with LAMX is BIX with a separation of
1.06E-01. The next basic parameter found is BETA with a separa-
tion of 9.03E-01 and the corresponding critical parameter is SWEP
with a separation 7.68E~02. This procedure continues for all
the parameters of the model with the basic vectors becoming less
and less orthogonal. Following this output parameters of the
model not listed in the first column that are dependent, irrele-
vant or that have been discarded a priori by the user are given.
In this example GSPD, GYIP are found to be dependent.

The program next indicates that if GSPD is increased by one

unit (absclute variation-symbolized by a prime) then GYIP will

decrease by -5.66E-03 units. The same reasoning follows for the
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remaining parameter listed on figure 3(g). This information is
useful in estimating the error in GYIP due to the lack of know-
ledge of parameter GSPD.

On the top of figure 3(h) the number of parameters and the
threshold used in this analysis are printed. Below this line
the words "MAGIC NUMBER" is written followed by a number either
0, 1, or 2 for each of the parameters of the model (21 in this
example). The numbers have the following meaning: 0 indicates
the corresponding parameter is irrelevant or was requested by
the user to be held fixed, 1 indicates that the corresponding
parameters is a dependent parameter and 2 indicates that the
parameter is independent for the mix of parameter chosen for the
sensitivity analysis. The results of the dependent analysis are
summarized by the printout starting on the third line from the
top of figure 3(h). At the bottom of figure 3(h) the parameter
increments for each of the parameters for the gradient evaluation
are printed. For the parameter identification option, this
information can be entered into the program with data cards.
(See parameter identification input data example).

The results printed on figure 3{i) give the sensitivity
fér each of the parameters (21 for this example). The sensitivity
is a measure of the model's response to a parameter change. A
sensitivity of 1 corresponds to a direct proportionality between
the corresponding parameter and the output. If the sensitivity
is very small with respect to 1 it indicates that the output is

almost independent of the parameter. The parameter names are

58



listéa in the first column and their sensitivities are given
under the column titled "SENSITIVITY". The dependency of the
'palameters as has prev1ously been discussed are alsc given under
the L,Olu.mn "DEPENDENCEY INDEX",

?he remaining printout on figure 3(i) indicates the end
of tﬁe sensitivity run and the computation time required to per-

from this run.

59



0%

CoAnts ok

LOGON FSTGK,MAINPR,80 $FST19 Tu947 'GERD KANNING STOP 17 PH 5455!
DDEF FTOTFOO0L,vS8,8IMUL,ROQOL

CALL MAINRSS

¢ 0001 GO
+,40 +00+,268
+o15 «(01+,1926
=983 +01+,225
4.0 $+00+,0
+,1912 +01=,40660b
+.3 +00+,15
+,00 +00+,70
+.2652 +01-,2856
+,1768 «0i
+,5778 +01+,00
+,10 . 402+4,10

*SIMULATION
HELICOPTER RUTOK

21 199 4
Ok+,

+03+,2684 +03+,165 #02+,317 +014,97 +00
+054,188 +01+,4566 +01+,00 +00+,12028+06%,145 +01
+0iw,0 +00+,70 +02+.,22U6 w2
+00=,2428 +01l+,11296+01+,10 w01 _
+0i4,14 +01=,12545+02+4,592 +00+,1481 +02+.,857 +01
+00+,60 +02+,00 +00+,10200+05+,87 + 00
+01+,80 +0e
$+022,115 +01=,519 +02=,507 +02+.121 02
—'852 *01
+00+,00 *00+.2 +01
+02+,10 “01+,10 “(i+,l =-01+,1 wOi+,1 =01

SIMULATION wITh NOMIMAL VALUES FOR THE MODEL PARAMETERS
o 210000 go0o0agoo

+,268 +03+,97 +00+,857 +01+,12021{+06+,4566 +01+,15 +01 c

.87 +00w 699 =07w,il Qi+, ~04+,188 +01+,225 +01 L

+.1 =01+,355 +00+,80 +024,7 4+014,4 +00+,5296 +02 C

+.3 004,15 +00=,943% 40}

BIY ,LOSS,CLEC,BETA,LUCK,SHEP, C2,LAM ,LAMX,LAMY,BRDD,PCON,

CDy» MU,COMP,FOMP, BIX,6S5PD,0YIP,GYiL, TWST

+.80 004,80 +00+,5 =-03+,5 “034+,1 +014+,1 +01 £

FT=l.68 FTmlBS OEGREE DEGREE

+al +01+,! +01

SLUG,FT2(ND DIMIDEG FTLU/RAD(ND DIMIDEG (w0 DIMYI(ND DIMICND DIMILIND DI#)
FT DEG (%0 GIM)IND DIMIFTLB/R.SFTLB/R,SSLUGLFT2(ND DIMISLUG.FTASLUG,FTE
DEG
DSET &
RUN 1 & 5/78
EnD

(a) Data input deck.

Figure 1.- Simulation rupn.




19

41
©
Sl

53
54

dedk ok ek Ko

RSETOT 0106

*STORAGE
*G0O PLOT
*4QUTRPUT |
%60 PRINT
W o W ok ok ok koW
*RETLURN
LOGOFF

1114

2

{b) Data input deck.

Figure 1.~ Continued.



TWO DEGHEE OF FREEDOM HELICOPTER BLADE AND GYRO SIMULAYION

PRDGRAM CONTROL LDGIC
IFLOQ= 0 _IHINGE= 0_ __ JIROT= 0 . _INEW= 0 ISIWL=z )} IFLOW= { IRECE Q. _

_BLADE PARAMETERS
Bixs 0,40 BIY=z248, 00 BIZ3268,40 RADJUS®16,5 CHORD=®!,17 BLADE L0S§=,97

SWEEP= 1,50 RPHz 192,6 HINGE POSITIONS],88 LOCKZ 4,566 DELTAS= 0,00 X BETAZ0,120230E 06 P15  3,uS
TWISTS w9,43 PRECONES 2,250 CT= 0,0000 AIR VELOCITY= 70,00 AIR DENSITYS,002246 ALPHAZ 0,000 ALPHASE 0,000
LITTLE A15% 0,000 LITTLE B1S= 0,000 BIG A{SSe2,428 BIG BiSs 1,130 CD=0,010 LAM=0,000008 LAMX=0,000000 LAMYZ0,000000

BLADE INITIAL CONDITIONS o S : ' '
BETALS 1,912 BETA{ RATES wid,67 BETA25 1,400 BETA2 RATEs ni2,53 BETA%= 0,592 BETA3 RATE= 14,81 COLLECTIVES 8,b -

z9

GYRD PARAMETERS
IP= 0,300 ID= Q4,159 GYRD ANGLE= 60,0 GYRD DAMP L= 0,00 GYROQ RPH—IOEOO 0 MECHANICAL ADVANTAGE C220,870

FEATHERING RESTRAINT KZETA= 0,00 FEATHERING DAMPING CZETA= 7,00 SwASHPLATE DAMPING CSDAMP= 80,00 P5I0F= 6,00

s INITIAL CONDITIONS ON GYRO
DELTAI= . 2,652 OELTAL RATRES =28,56 DELTAZS wi,19) DELTA2 RATE:= «5],90 NUI=»LD .70 NUBS 12,10

PHlz 1,768 RPHl= 0,00 THET= »2,520 RTHETS 0,00 RMBIASE 0,00 PMBIAST 0,00 RABIASS 0,000 PABIASS 0,000

INLITIAL CONDITIOUNS FOR STARTING ANQ STOPPING THE INTEGRATION ROUTINE
DELPSI= 5,78 REVS® 0,00 REVO® 0,00 REYF= 2,00 TRUNC=0,0000

SCALE FACTURS FUR PLUTTING PROGRAM

SCALE(LY SCALEL2) SCALE(3) SCALE(4) SCALE(S? SCALE(6) SCALELT)
1,800 0 1,000E 01 1, 000E=02 1,000E=02 §,0008=02 14000E=02 1,000E=02
S5CaLECs) SCALE(D) SCALEC10) SCALECLL) SCALECL2) SCALECLS) SCALE(14)
0,u00 0,000 4,000 0,000 0,000 0,000 0,000

{c)} Output,

Figure 1.~ Continued.



PARAMETERS CALULATEDR FROWM INPUT DATA
OMFGAZ 20,169 GYSPEDE 52.%0 MU= 0,355 LAMBDAZw, 006999

DELTAT=0,5000k=02 TIHES=Q.%40 TIMED=0,0000 TIMEF=RD,6R31E 00

*SIMULATION
HELICOPTER KOTOR SIMULATIUN wITH NOMINAL VALUES F0X THE MODEL PARAMETERS

DATA CARDS LISTINGaarxkxHUN NUMBER = &
X AX1S INCREMENT KOT= $155%6 SKIP® 2 199 POINTS PER CHANNEL
THE © FOLLOWING CHANNELS WERE READ § 0,

Lo
Lo

(d) Output.

Fipure 1.- Continued.




HELICOPTER ROUTOR SIMULATION w1TH NOMINAL VALUES FOR THE MODEL PARAMETERS

.
O e A 0 R Y e Y D P U D O B T D T O A P M 0 00 O O A ol 0 YOO A O T O S A

21 PﬁRﬂHgTERS 4 QUTPUTS
199 MEASURED VALUES PER QUTPUT
TIME INYERVAL HETWEEN MEASUREMENTS
ANGLE INCREMENT BETWEEN MEASUREMENTS
INITIAL CONDITIONS
4 b29Em02 wiy9B5EM0] =2,007Em0R w9, 058E=01

SCALInNG FACTIORS FOR DATA UNITS

1DTUS": 4, 000EmQ1 FTmbéS / 4,000k=0} FTaLbS
"1y000E 00 /  1,000E 00 /
PARAMETERS nAMES
1) oly 2) LOSS 3) CLEC 4] BETA
13) co 14} My 15) COMP 16) *DMP

INITIAL VALUES UF THE PARAMETERS
2.680E 02 9,700E=01 8,570 00

1,000E=02 3,5%06=01 B,000f 01 7,000E 00

{ 796 MEASUREMENTS),

04,0050 SEC,

S.78 DEG

3,337E=02 =B, 144Em02 2,443E02 »2,1BBE=0}

/ 5,000Ee0§ DEGREE / 5,000E=04 DEGREE
5) LOCK &) SWEP  7) C2  B) LAM
17) BIX  §8) GSPD  19) GYIP  20) GYID

4;000E=01 5,296F 01 5,000E=01

(e) Output.

Figure i,- Continued.

/

2 WAS THE SKIPPING FACTDR USED

2 STEPS OF INTEGRATION IN EACH INTERVAL

1,033kw02  2,585E=01

1,000E 00

9) LAMX
21) TWSTY

14202E 05 4,566E 00 1,500E 00 8,700E=0t =b6,990E=03 ={,000£=05
1,500E=01 =9,430E 00

1,000€ 00 Y

/!
10) LAMY  11) BRDO 12} PCON
1,000E=05 1,880E 00 2,250E 00

et e B Bt amm s * bt et & T AL s o e et o e o

e L Y S s,
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NTARPE 3 nRUN & KOT=1195%86

VARIABLES STURED ARE JOENTIFIED BY A |1 InN COLUMNS

*5TOHAGE 111100000000
VARTABLE ) IS5 STURED
VARIABLE 2 15 STOUREW
VaHTABLE 35 15 STORED
VARIABLE 4 IS STORED

EnD

SIMULATED Run | & COMPLETED AnD S5TURED On UNIT

*6) PLOT

**QUTPUT

et et —or——

11 TO 22 AFTER THE COMHMAND xSTORAGE

(£) Output,

Fipure 1.~ Continued.

e e



99

MEASURED AND COMPUTED TIHE HISTORIES

SrMpoLs SVARLIABLE | 0 MEASURED, * COMPUTED, /VARIABLE 2 + MEASURED, , COMPUTED/
uvilltlo-iru!-gclelv.g’ovlnlvvoclivu’!llloi'v!l’!lf!'!!Ivllt'g'l!IUI!!'V'l!!!tll'fvil!l!livll!!llti'flt
1 * ' 1
I * ' I
I* » 1
* 1 P i
* 1 N 1
* 1 ' 1
* i v I
x 1 ' 1
* 1 N I
* ! 1 & 1
* i s I
® I ol
* i 1,
* 1 I '
* I I []
® I I a
x 1 1 '
\ * I N
I* I ..
1 % 1 ’
1 * I "
I ) I )
1 * i '
I ¥ I‘
I * v 1
i * ' I
I * ' 1
1 * s I
1 % . 1
i * v I
I * 1
I = N L
* . !
x 1 ' I
* I . i
b i . I
* 1 v 1
k- 1 . I
%, i ® I
* 1 « 1
* I o
S ! i.

{g) Output,

Figure 1.- Continued.

(Ot —— — L

CTIHE

e 0000
11,556
23,112

1 Y11= T
46224
57,780

o ..B9,336
80,852
92,448

188,004
115,560
127,116

138,872
150,228
161,784

113,540
184, 8%
196 452
e 208,008
219,564
231,10
_____ 282,476
254,232
265,788

e —BIT o344

288,900
300,456
. 3l2,018
323,568
335,124
... 346,4680
358,236 °
369,792
co_2B1, 548
392,904
404,460
.. HiB,0)b
427,572
439,128

e 850,684

462,240
413,796
485,357

=1
~

w3y

L




®
*

o 1 2264,976
vl 2276,532
2288,088

Pt et

& I ’
MAXIMA 3 VARIABLE 1 #EASs },000E 04, CUutMFs 1,0008 04 VAKIABLE 24 MEAS® §,000Ff 04, COMP= 1,000E U4
MEASURED AND COMPUTED TIHME HISTURIES

SYMBOLS FVARIAHLE 3 v MEASURED, =*= COMPUTED, /VARTABLE 4 + HEASURED, , COMPUTED/ TIME
IR N N N R R N I N R I N N N AN S N N R R R N N N RN RN N N NN E N R NN AN N

: * . ' 1 0,000

* ' 11,556

23,118

34,608

46,224

57,780

69,336

80,892

92,448

104,004

115,580

127,11%

138,672

150,220

161,784

. 173,340

' 184,896

L] 196.”52

. 208,008

’ 219,564

. 231,120

® 242,676

. 254,232

" 265,788

a 877 344

' 288,900

. " 300,456

' 312,012

323,568

335,124

346,680

388,236

369,792

381,348

392,504

404,460

416,016

427,572

439,128

. A50 . 6B4

462,240

473,794

— 485, 552

*

* % A %

Bt B et Bd bt B B ] bt B b b Bt Bt Bk i Pd Bt ol Pt B g b Py Bt By B
-

et ft g pas Pt e gemd 4 b B g bt 6 g S e Pl b Pt b P Gt B g bt b e bt B e bt B Jemg et b Py by et pem et P

- »wees
b bt ol St et Bl et Yy 1y Ut Bt et P i

(k) Output,

Figure 1.~ Continued,




MAXIMA 3

*GU PRIN

LJ
*

el B o X

*
YARLAHMLE 3 MEAS2 1,000t 04, CunP= [, DD0E 04

¥

VARJABLE 4

{i} Output.

1
i
1
M

Figure 1.- Continued.

a
EAS= 1,000 04, COMP= 1,000E

2264,%76

22764552
. BABB, 068
o4



34

P§1
D00
11,56
0,067
46,22
897.78
6%, 54
80,89
92,45
104,00
119,56
127,12
138,67
150,23
161,74
173,34
184,90
196,45
208,01
219,386
231412
242,68
254,23
265,79
8717 ,34
284,90
500,86
312,01
323,57
335,12
EYTINY:|
388,24
369,79
181,35
192,90
404,46
416,02
4g?,s7
439,158
450,68
462,249
413,719
485,35
496,91
BOH HhA

CUOMPUTED UUTPUT vALUES

MBETAX
1469,2
G17,5
w378,
~{019,9
=1986,6
=2034,¢2
w2330,9
-2“61‘2
w2427 ,4
w22ay,8
=1958,9
=]1598,5
=1209,56
-528,8
482,86
«1859,5
60,0
2610
430,7
589,4
40,2
904h,2
1083,0
1266,
[ EY ]
1974 ,4
1649, 3
1638,3
15284,7
1303,0
80,2
HTb,4
121,08
=347 ,5
=7%1,b
-117u|1
=igbd,7
~1643,3
=1702,0
=1645,8
={4%91 ,4
=1269,1
=996, 3
w7l

mBETAY
w1921,
=1780,4
~{a72,2
=1345,2
nigdg,2
«1144,4
=1057,0
-B9ﬂ,8
w£97,5
wildg 2
«96,9
299,7
T34 .4
1176,1
1585 .4
1922,1
2149,8
2242,.0
2186,0
198540
1658,5
1838,5

765,1 .

260, 3
nl?b.q
‘5?5.0
8927

w{120,¢2
=1258,7
»1318,8
wi3ig,2
wi277,4
=1215,9%
“~1146,1
~1074,3
«997.,0
hqos.T
780,86
abll, &
396,06
«124,8

193,7

542,8

RYA_ %

ROLL A
2,852
24319
14416
0,88%
0,330

0,225

0,741

wi, 295

w1 ,692

w2, 054

-2'525

2,506

2,581

-2,549

'2]411

=2,173

wl,345

=i, 4%9

0,973

0,464
0,059
0,579
1,070
14511
{1,880
2,142
24394
2,819
2,384
3.245
2,004
1,678
1,282
0,833
0,352

=0,141

0,626

-1,082

'1|qu

-1,837

.2.106

2,286

~2,571

=2, k5

PITCH A
«1,15%0
=] ,088
w2 416
w2, 655
~2,7682
2, 790
w2, 879
32,854
-E.lEb
-l 711
.1|227
w0 637
-0.145
0,403
G.92%
1,394
1,795
deill
2,433}
2,449
2,460
2,368
2,177
1,897
1,540
1,121
0,658
0,168
0,328
=0,809
=-1,255
=-1.,648
~1,970
=2, 206
-2,.345
2,380
-2,308
2,132
=1,8460
m},502
1,076
={,&801
=0,098
a,o10

MBETAX
1469,2
91745
“578,6
~1019,%
=-158b,b
=2034,2
«23130,9
w2Bb1,2
»2427 4
»3248 .8
w1958,9
=-1%98,5
«1209,6
828,48
n4B2,.86
=18%,%
60,0
261,0
430.7
585,.4
140,¢2
905,2
1083,¢0
12866,1
1437,8
1574,4
1649 .3
1638,35
1524,7
1303,0
980,2
5764
(21,6
w387 .9
791,06
wii7d8,1
widbu,?
=1643,3
~1702,0
-164%,8
1491 ,6
~1265,14
=294, 3
-Jtd.

MEABURED VALUES

MBETAY
=1921,8
1780,
-iti72,2
=i3ah 2
={240,2
=1144,4
=1037,0

=894 .8
0697,5
=432.2
94,5
2%99,7
734,06
1176,1
1585,4
1922, 1
2149,8
2242,0
2186,0
1985,0
1658,5
1238,9
765,14
280,3

~176,9 °

~575,0
-892,7
~11a0,2
=-1258,7
~1318,8
~1318,2
=1277,4
“1215,5
=1ildb,}
=:074,3
=997 .0
=503,7
=780,6
~614,6
=396,6
=124,8

193,7

542,8
.. 898,13

ROLL A PITEH A SPMR

24652
24319
1,416
0,885
0,330
0,225
=0,764%
w255
wl,b92
-E.GSH
2,328
=2,504
»2,581
2,549
w2, 411
=2,173
"1.8#5
.1, 439
-0,973
w{y b6
0,059
0,379
14070
1,511
1,880
24162
2,344
2,419
2,384
2¢245
E.OQH
l,&?ﬂ
1,282
0,833
0,352
0,144
=d,b28
=1,082
w] 491
=1,837
'3.106
=2 2886
"2'331
-2 . 35%

v],150
m!‘ﬁaa
w2 416
2,655
’2'?82
v21790
=2,679
wg U454
~2,126
-1,714
=1.,227
w0 697
no,lﬂS
0,403
0,923
1,394
1,795
2,111
2,331
2,489
2,460
2,368
24177
1,897
1,5&0
1,121
0,658
0,168
~0,328
0,809
=] ,255%
-] 648
] 4970
2,206
=2, 345
2,380
=2, 308
m2,132
1,860
-1,502
-1'°?°
-0,601
=0,098
a.410

{j) Output.

Figure 1l.- Continued.

~50, 7
'50.7
'50.7
~50,7
’5017
=50,7
wo, 7
n50,7
-50,7
5,7
w50,7
50,7
-SD|7
w3047
50,7
=50,7
-50:7
-5017
«50,7
'50;?
=507
'50;7
-59,7
«50,7
.50'7
-50‘7
“50,7
«50,7
=50,7
»50,7
-50,7
=50,7
'50|7
=50,7
-50.7
50,7
=50,7
=30,7
~50,7
'50|7
—50.7
-50.7
50,7
5.7

SPuP  BETAR
2,41 1,912
1241 1,859
12,1 1,754
12,8 $,717
1241 1469}
12,1 1,669
12,1 1,b42
1241 .60}
12,1 1,538
12,1 1,489
121 1,33%
12,1 1,203
1231 1,061
121 0,921
12,1 0,79
12,1 0,893
12,1 0,427
12,1 0,600
12,1 0,618
12,1 0,677
12,1 0,774
12,1 0,900
12,1 1.044
12,1 1,196
12,1 1,343
1.1 1,473
1241 1,579
12,1 1,654
12,1 1,698
1241 1,718
1244 1,708
12,1 1,688
1241 1,683
12,1 1,637
f12ul fabi4
12,1 1,592
1241 1,568
12.1 1,529
1241 1477
12,4 1,404
1241 1.312
12,1 1,204
12,1 1,088
12,0 01.9569

COMPUTED VALUES

BETAZ2 BETA3 RUELTY RDELTZ

1,400
{263
0,948
0,795
D663
0,564
2,507
0,498
04538
0,624
4751
0,906
1,079
1,854
1,848
1,559
1,668
14781
{778
1,784
1,768
1,739
12707
14678
1,654
1,632
1,607
1,571
1,518
1,444
1,349
1,238
1,417
0,996
0,885
0,794
D732
0,70%
0,716
0,763
0,882
0,948
140718
1.201

0,592
0,758
f{.156
1,356
1,936
683
1,789
1,851
1,875
1,861
1,828
1,785
1,744
14709
1,683
14661
120635
1,597
1,541
1,462
1,361
1,241
.11
0,982
0,863
0,766
0,700
0,670
0,679
0,727
0.810
0,921
1,050
1,187
1,320
1,440
1,538
1,609
1,652
1,468
1663
1,644
1,619
1.594

28,54
=37,.064
“51:1?
54,65
nh5,48
54,90
w51,83
'“&.aﬂ
-ﬂU.lB
w3g, 03
w2, 77
w1249
w2413

8,53
16,88
28,50
30.98
43,93
49,01
5197
52,64
50,94
46,94
40,80
32,80
23,43%
12,91

2400
B, 867
"!q|17
28,47
wib, 37
wip,Sé
=ib, B4
4%, 08
=49,24
-H7.3b
-43|55
=38,00
~30,93
-3&.62
={3,36
=3,49

b.b7%

=31,90
46,45
-29.22
w18,41
g, 77
5418
16,91
27,85
37,47
45,34
51,09
LU, 48
55,38
53,8¢
4%,89
43,88
dball
26,99
18,95
bl
"“.11
wid,2d8
=23.7¢
*32|07
-59.Ob
w4l 43
-47'99
~49,60
w49, 17
46,71
-42.27
36400
-25.12
wi8, 92
-8|?9
1484
12,47
22,60
31,75
19,48
49,48
49,29
50,53
50.28

et Y

B

!
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2287,89  4000,0 400040 5,000 5,000 4000,8 4000.0 5,000 5,000

RRRkkkhkd

*rkkEND OF IDENTIFICATION RUN NUMBER { , TOTSL COMPUTATION TIME 44,10 SEG, %4
*RETURN

(k) Output.

Figure 1.- Continued.

ns0;7

12,1

1,153 0,931

1,687 wit, 30

53,55
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SNOILATOASY HOLOW 40 Y3EWON

SWASHPLATE ROLL ANGLE, deg
ROTATING COORDINATES

< o

i |

SWASHPLATE PITGH ANGLE, deg
ROTATING COORDINATES [

- L)

TS

4
T

£
I

b
T

PITCH HUB MOMENT, f1-Ib

ROLL HUB MOMENT, fi-lb
ROTATING COORDINATES

I
ROTATING COORDNATES 5 _ g
& a T ! 1
| I ! E
el BN |% |
22 T8 8 £ 5 T8 8
HEWTON ~METER NEWTON-METER



Bl gyre T
Yper

A

LOGON FSYGK,MAINPR,D240FFSTI9 T4947 'GERD KANNING STOP 17 PH 5455'
DDEF FYL10FO0GL,VS,1DENT,R0026

3 DDEF FTEOFOOlLVS,SFCTOI.RUN&

4 CALL MAINZSS

S «1 000000

6 _+,K0 +00+4,268 +034,2684 4034,165 402+4,117 014,97 +00

7 #4185 +01+.192¢ +03+,188 Qi+, 4566 +014,00  400+,12021406+,145 40}

& =eF43  +014,225 +01+,0 +004,70  +02+,2246 =02

P _ts0 +004,0 +00=,2428 #9:*;33296+01+u1° =01 _

TOTTH 1912 401, 4666 +014,14  $01=,125554024,592 , +004,1481 +024,857 +01

o +,3 +00+,18 +004,60 +02+,00 #004,10200405+,87 +00

2 +,00 +00+,70  +01+%,80  +02 _

13 #,2652 +Ol'.2856 $02%,115 +0iw,5(9 +02»,507 +02+,121 +02

4 +,1788 401 -, 252 401

5 445778 #014,00  400+,00  +00+.2 ~ +0y

i +,20  #024,10  +02+,10 «0i#,10 =01z, w0i4,! w0i+,1 =01 »

7 _
1g HELiCUPTER ROTOR IDENTIFICATION FROM REAL DATA (TEST 3k6 RUN 19 RECORD &) TS5
TR 4 F) 210000 0000000

20 Qwy, 2 « 008 Bk d

.41 _011100000000001300008 , o

22 4,268 $034,97 +00+,857 +01+,12021+064,4566 +014,15 +01 C

23 4,87 +00~.699 -02-.10 mwQ4d, 4 =04, 188 $01+,225 #01 C

24 ,+,J 014,355 +00+,80  4024,7  +0{+,4 #00#,5296 +02 L ) ~
2 +,26532403+,95 +004,797 +014,63900405+,4 +01#,1395 +01 c

AT 4, B4 400w,421 -01-.321 =01%y28  #004,387 #03+,2140 +0] C

28 #,1 #0244 3479 004,28 402+4,2  #019,32  200%.5190 402 c I
27 #,29  $004,147. +00w,896 401

30 _+227068+03+,989 +00¢,917  +01+,16B294064,5023 +01+,1605 +01 c

31,898 400+,1 +00¢,2 004,41  w014,25 ~ #01¢,236° +01 C T
32 4,3 +01423620 +004,136 404,04  +02+, 45 +00+,5402 +02 C

33 4431 +004,153 400,990 404 )
2 BLY -, LUSS, CLEC,BETA,LUCK,SWEP, T2,LAaM ,LAMX,LAMY,BRDO, FCON, i

35 CDy MU, CDMP,FDMP, BIX,GSPD,GYIP,GYID,TWST

X 244599 400+, 1722 +00+, 40000-03+ 3959 -03+ , 415999 +00+,1722 +00 C ‘
37 FTel B8 FT-LBS DEGREE DEGREE - -
2 +,8797 =024,4493 »02+,1599 +00+,1722 *00%, 4 =034,3959 =03

7 FTeL8 FTwLB ) o

40 SLUG,FTE(NU DIMJIDEG FTLB/RAD{NO DIM)DEG (NO DIM)(ND DINM)(ND GIHYING BTN
ji FT DEG (NO DIM)(NO DIMIFTLB/R,.SFTLB/R, SSLUG FT2(ND DIM)SLUG,FT2SLUG,FT2

Z QEG
45 DEET20 - ' o T
44 wRELVAR a

45 €434 #00+,21  =01424 m01%ad _ #00+,11  400+4,5 +00 c

(a)} List of input data cards.

Figure 2.- Parameter identification Tun,




B $,69 w0l#,UB - «014,83  w0i#,54 «01+,5 +00+,44 500
47T 4,5 +00+,22  +00%,3 +004,36  +00+,5 #00+¢,1 =01
5 49  %xREADWGH

$ 50 +,10  #08+,10  +01+4,50  #0i1+,1 044, =03+,1 =06
§ T kR kokk ok

52 *G0 PLOT

53  «xQUTPUT 1§ 2 3 4
S4 #=kRESAMP | 5
55 *kRESAMP 2 -]
St *kRESAMP 3 7
57 XXRESAMP 4 8 R
58 *wRESCOR % 9
59 w%RESCOR 2 10
60  *%=RESCOR 3 11 e
Bl *wRESCOR 4 £2

62 %GO STORE

7 65 DSETI0 0106

64  «STORAGE 111114811118
65 %GO PRINT

(41 31323327

67 %RETURN

[ 4 LOGOFF

€L

(b) List of Input data caxds.

Figure 2.- Continued,



TW0 DEGREE OF FREEDOM HELICOPTER BLADE AND GYRO SIMULATION

PROGRAM CONTROL LOGIC
IFLOQ==] IHINGE= 0 IROT= 0 INEWS 0 ISIWML= 0 IFLOWs 0 IREC= @

BLADE PARAMETERS
BIXZ= 0,40 BIY=268,00 81Z2=268,40 RADIUS=16,5 CHORD=1,17 BLAUE LOSS5=,97

SWEEP= 1,50 RPM= 192,6 HINGE POSITION=],88 LOCK= 4,566 DELTA3ZS 0,00 K BETA=RD,120210E 06 Pi= 1,45
TwlISY= =9,43 PRECONE= 2,250 CT= 00,0000 AIR VELOCITY= 70,00 AIH DENEITY=,002246 ALPHA= 0,000 ALPHAB= 0,000
LITTLE A1S= 0,000 LITTLE B15= 0,000 BIG A1S==2,428 BI6 B1S= 1,130 CP=0,010 LAM=0,000000 LAMXE0,000000 LAMY=0,000000

BLADE INITIAL CONDITIONS
BETA1= 1,912 HETAY RATE® =d4,67 BETA2= 1,400 BETAR2 RATE= ~]2,53 BETAS=s 0,592 BETAZ RATE= 14,81 CULLECTIvk= 8,6

GYRU PARAMETERS
IP= 0,300 IDs 0,150 GYRD ANGLE= 60,0 GYRD OAMP L= 0,00 GYRD KPM=10200,0 MECHANICAL ADVANTAGE C2s0,870

bL

FEATHERING RESTRAINT KZETA=z 0,00 FEATHERING DAMPING CZETAz 7,00 SWASHPLA ™ (amPlInG CSDamMPs 80,00 PSIUF= 0,00

INITIAL CONDITIONS ON GYHO §
DELTAL® 2,652 DELTA] RATEz =28,56 DELTAZ= «[,150 UELTA2 RATE= »51,90 NUi==%0,70 NU2E 12,10 e‘

PHI= 1,768 RPH]I= 0,00 THET= =2,520 HTHET= 0,00 RMHBIASS 0,00 PMBIAS= 0,00 RABIAS= 0,000 PABIAS= 0,000

INITIAL CONDITIONS FOR STAKTING AND STOPPING THE INTEGRATION ROUTINE
DELPSI= S5.78 REVS® 0,00 REVOS 0400 REVF= 2,00 TRUNC=0,0000 :

SCALE FACTOURS FUR PLOTTING PRUGRAM
SCALE(L) SCALE(2) SCALE(3) SCALE(4) SCALE(S) SCALE(B) SCALEC(T?)
1,000E 901 1.000E 01 1,000E=02 1,000E=08 1,000E=02 1,000E=02 1.000E=02

e U

$CALE(B) SCALE(Y) SCALE(10) SCAaLEC1IL) S5CAaLEClR) SCALE(13) SCALEC14)
0.000 0,000 0,000 0,000 0,000 0,000 ¢.000

Pt mn ey g 2,

{c) Output,

R

ST LSS ol

Figure 2.~ Continued.
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PARAMETEHS CALULATED FRUM INPUT DATA
GELTAT=0,5000k=02 TIMES=0,0000 TINEO=0,0000
HELICOPTER ROTOR IDENTIFICATION FuOM REAL DATA (TEST S66 RUNM 19 HECURD &) T89S
DATA CARDS LISTING2ax#xRUN NUMBER = b

X AXIS5 INCREMENT KDT= 11558 SKkIP= ¢ 64 PDINTS PER CHANNEL
THE 9 FOLLOwING CHANNELS WERE READ t I, 2, 3, 45 5, 6411,12,14,

{(d} OQutput.

Figure 2.~ Continued.

QukuAs 20,169 GYSPED= 52,96 MUF 0,355 LaMBDAR=, 006999

TIMEF=0,025ik Q0



9L

" HELICUPTER ROTOR IDENTIFICATION FROM REAL DATA (TEST 3686 RUN 19 RECORD &) TSS

P D N A O O 0 O S W S RS A A O B W A 0 G D O S R B U RN N U D Y O T ) e e B O O A

21 PARAMETERS 4 QUTPUTS
‘64 MEASURED VALUES PER OUTPUT ( 256 MEASUREMENTS), 2 WAS THE SKIPPING FACTOR USED

TIME INTERVA| BETWEEM MEASUREMENTS 10,0050 SEC, 2 BTEPS OF INTEGRATION In EACH INTERVAL
ANGLE INCREMENT BETWEEN MEASUREMENTS 5,78 DEG '

INITIAL CONDITIONS
4, 629Ew02 =8 ,985Ew0] =2,0078=02 =9,058E«01 3,337E~02 =8,144i-02 2,443k=02 =2,18B8E=01 1,033k=02 2,585E~01

SCALING FACTORS FOR DATA UNITS

1DTUa 1 ,599E=01 FT=LBS , 1,722E=01 FY=LBS / 4,000E~04 DEGREE / 3,959E=04 DEGREE / },599E=0] / 1,722E=01%
8,797E=03 FT=LB /  4,493Ew(3 FTa=LB /  1,599E~D] /  1,722E=01 / 4,000E=04 /  3,959E=04
PARAMETERS NAMES
1) 81y 2) LODS8S§ 3) CLEC 4) BET4 5) LOCK &) SWEP 73 ce 8) LAKW 9} LAWX 10} Lawy 11) BRDO
13) co 143 MU 15) CDWP i6) FDMP i7) BIX 18) G3PD 19) GYIP 20) GYiD 21) TwST
INITIAL VALUES OF THE PARAMETERS
2,6B0E 02 9,700E=01 2.570E 00 L1,202E 05 4,566E 00 1,500k 00 8,700k=0) =&,990Ew03 =4,000k~05 1,000E=0% §,BE0E GO
1,000Ewp2 3,550E~01 B8,000E 01 7,000E 00 4,000E~N1 5,296E 01t 3,000E=01 1,500E~0] =9,d50E OC
LOKER BOUNDS
2.653E 02 9,500E-0! 7,970t 00 6,390E 04 4,000E 00 1,395E 00 B, 440k«0] ~4,210E~02 «3,210€~02 =2,000E=01 1,870E 00
1,000E=03 3,479E-01 2,400E 01 2,000E 00 3,200k=01 5,190 01 2,900:-01 1,470E=01 =B,500k 00
UPPER BOUNDS
2.TO0TE 02 G9,BS0E=01 9,170E 00 1,6B3E 0% %,023k 00 1,05 00 8,950Ew0} 1,000E=0% 2,000E=D} 4,100E=02 2,500t 00
3,0006 00 3,621E=01 1,360E 02 1,8400E 01 4,B00E~01 5,402 01 %,100E~01 1,530E=01 ~9,500€ 00
THE IDENTIFICATION PROCEDURE wILL QS8E & MAXIMUM OF 2 ITERATIONS AND A SEPARATION THRESHOLD EQUAL 7O 0,50E=02
*xeTHE FOLLOWING WEIGHTS ARE USED*ax
14000E 0O 1,000E QO 1,000E 00 1,000 00
ERRMIN = |,000E=04 , OMIN = 0,000
INITIAL PARAMETER INCREMENTS FOR GRADIENT EVALUATION
1,U00E=01 2,100E=02 2,400E 0! 1,000E=01 !,100E=~01 5,000&=0! 6,900E=02 d,800E=02 8,300£~02 5,u00E~02 5,000E~0]

5,000E=0f 2,200E=0% 3,000Ec0] 3,b00E=01 5,000E=01 1.000E=02 4,000E~01 1,000E~02 B8,400E=02
+,10 +01+,10 +014410 +01+,1 +01+,1 =03+,.1 =0b

{e) Output.

Fipure 2.- Continued.

12) PLON

2,250E 00

24140k 00

24560k 00

4,400E=01



*hkkkdkkkkkx

ITERATION O, MODE WAS99, KND= 2 RELLERROR = {1,311 0D COST = 2,435E 07
T A O A S Y TR T e O R O 0 e v e o [ A R A M E T E R S v A L. V] E 5 O OO D O
1 13 25 e 14 25 3 15 27 4 16 28 5 17 29 & 18 30 7 19 31 8 20 32 9 21 33 10 22 34 11 25 35 i2 24 38

2,6B0E 02 09,700E~01 8,570E Oy 1,202E 05 4,566E 00 1,500E 00 8,700Ew01 =&,990E=05 =1,000E=05 1,000E=05 1,BH0E 00 2,250E 00

1,000Em02 3,550E=0] 8,000E 0! 7,000FE 00 4,000E=0{ 5,296k 0! 3,000E~01 1,500E=01 =5,430E 00
_INGREMENT IN PARAMETER # 3 REDUCED TO 242,2215 %
"INCHEMENT IN PARAMETER # 3 REDUCED TO 26,4437 %
- INCREMENT IN PARAMETER # 3 REDUCED 70 4,86%59 %

(£) Output.

Figure 2.~ Continued.




BASIC T o T CRITICAL
PARAMETER SEPARATION PARAMETER SEPARATION
- Twsy - e :
BETA 9,49E=01 CLEC 1,27E=02
COMP _Be13E=03 I ~ CLEC _ 1,26E=02
LOSS §,95E=01 CLEC 1,10E=02
FDMP - 4,17E=01 CLEC _ 9,95E=03

CLEC . . _ . 8:BaEm=03 . CLEC 9,88E«03

8L

(g) Cutput.

Figure 2.- Continued.
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*xxTHERE ARE 2% PARAMETERS IN THIS PROHLEH® , THE BEPARATIUN THRESHOLU wAS 0,50E=02
MAGIC NUMBER 0 222 00000000002200002

* INDEPENDENT PARAMETERS
* LO0SS,CLEC,BETA,CDHP,FDMP,TwST,
-]

¢ IRRELEVANT PARAMETERS
[ NUNE'

*

*  NOT ESTIMATED

* NONE,

*

* NOT USED

*

BIY ,LOCK,SHEP, C2,LAM ,LaMX,LAMY,BRDO,PLUN, CD, MU, BIX,GSPD,GYIP,GYID,

DET= 0,355861616827987Dw05 TIME = 0,535 BEC

STATWS INU 2 3 4 SNU eNU TNU  8NU 9NU 1ONU fieJ 12NU I3NU f4NU 15 16 17NU IBNU 195U 20NU 21
SENS = 0,00 0,09 0,20 0,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,03 0,06 0,00 0,00 0,00 0,00 0,27
START ¢, FIRST 21 (TW8T), LAST 3 (CLEC) SEP = 0,99E=02 TIME = 84,50 SEC

ITERATION 1.,  MODE #AS 0, KNDz 0 REL,ERROR = 1,11E 00  COST & {,825E 07

O 0 O Iy 0 Y e e e o o A R A ] £ T E R S Y A L u E 5 o P R O
113 25 2 14 26 3 15 27 4 16 28 5 L7 29 6 18 30 719 31 8 20 32 9 21 33 10 a8 % 11 23 35 12 24 36
2,6B0F 02 9,500E-01 9,176E 00 7,810E 04 4,566E 00 1,500t 00 B,700E=D1 =6,990E=03 »1,000E=05 1,600E~35 1,8B0E 00 2,250E 00

1,000E=p2 3,550E~-01 11,3608 02 2,000 00 4,000Ew0l 5,296E 01 3,000E=Q1 1,500E=0] =9,900& Q0

{h) Output.

Figure 2.- Continued.
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BASIC
PARAMETER

TwaT

BETA
CDMP
LOSS
Fpue
CLEC

SEPARATION

B,89Em01
b,T3E=01
5,17Em01

1o 70E=0

&, 89E=03

CRITICAL
PARAMETER

CLEC
CLEC
CLEC
CLEC
CLEC

SEPARATION

1,02E=02
1402E=02
9,6 =03
To08E=03
&,89E=D3

(i) Output.

Figure 2.- Continued.
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L]
*waTHEHE ARE 21 PARAMETERS IN THIS PROBLEM , = THE SEPARATION THRESHOLD WAS 0,50E=02
MAGIC NUMBER 0 22200000000002200002 -

* INDEPENDENT PARAMETERS
* LOS8,CLEC,BETA,CDMP,FDMP,TUST,
*

* IRRELEVANT PARAMETERS
*  NONE,

®

= NOT ESTIMATED

* NONE,

*

* NOT USED

4

BIY ,LOCK,SWEP, C2,LAM ,LAMX,LANY,BRDO,PCON, CD, MU, BIX,GSPD,GYIP,GYID,

DET= 0,130577732983201D=06 TiME = 0,531 SEC

STATUS {NU 2 3 4 SNY onNU TNU BNU 9NU 1ONU 1ENU 12NU L3NU 14NU 15 fe  1TNU 18NU 19NU 208D 21
SENS = 0,00 0416 0416 0410 0,00 0,00 0,00 0,00 0,00 0,00 0400 0,00 0,00 0,00 0,15 0,04 0,00 0,00 0,00 0,00 0,17
START 0, FIRST 21 (TwBT)r LAST 3 (CLEC) SEP = 0,69E~02 TIME = 59,26 SEC

ITERATION 2, MODE wAS 0, Xnb= ¢ RELERROR = {,06E 00 COST = 1,713k 07
------n-----‘---------u-----n------n-u-P A R A M E T E R 5 V A L U € et o Y o T O O Y O
1 13 25 2 14 2e 3 15 27 4 10 2B 517 29 & 18 30 7T 19 314 8 20 32 9 21 33 10 22 34 11 23 15 12 24 36

2,6B0E 02 9,500E~01 9,170E 00 &,390E 04 4,56A6E 00 1,500E 00 &,700E~0D] =6,990E~03 =1,000E~05 1,000E=05 1,880E OO 2,250E 00

1.000Ew02 3,5%0E~01 1,360E 02 2,000E 00 4,000E=01 5.,2%¥bE 01 3,000E=0)1 1,%00E=01 =9,900k 00

PARAMETER INCREMENTS (DA/A) FOR GRADIENT EVALUATION
BIY = 1,4E=01 LOSS= 2,3Ee02 CLECZ 1,8E=02 BETAZ 1,1E=0! LOCK= 1,iE=-01 SwkP=z 5,0E=0!
€22 b,9E=02 LaM = 4 ,8E~02 LAMXAs 8,3E=02 LAMY=s 5,4E=02 BRDO= S,0E=01 PCONS 4,4E~01

Co= 5,0E=01 MU= 2,2E«0f LDMP=  3,6E~=01 FOMP= 5,0k=01 BIX® 5,0E~01 GSPu= 1,0E=0Z
BYIP= 4,0E=01 GYID= 1.0Ew02 TWST= 2,3E~02

(i) Output.

Fi 2.- Continued.
Bt igure on
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FINAL RESULTS OF THIS IDENTIFIGCATION

FIT TEST % LOST = 0,1713E 08 _ CORRELATION ==0,12500

RELATIVE ERROR ¢ 1,0607

ESTIMATED VALUES OF THE PARAMETERS
DEDENDENCY INDEX °

NAME EST.VALUE  ERMOR BOUNDS  UNITS SENSITIVITY FINAL INITIAL
£ BIY = 2,6800E 02 +/= 0,0 SLUG,FT2 0,00000 0 0
2 L08% = 9,5000E«0f «/= i, =0} (NO DIMJ 3.21049 2 i
3 CLEC = 9,1700E 00 +4/= 4.1 01 DEG 4,26869 2 1
4 BETA = 6,39G0E 04 /= 3,4E 04 FTLB/RAD 0,33903 2 i
5 LOCK = 4,5660E 00 /= 0,0 (NG DIM) 0,00000 0 0
b SWEP = 1.5000E 00 +/= 0.0 DEG 0,00000 0 0
7 €2 = 8,7000E=01 #/= 0,0 (NO DIM) 0,00000 0 0
B LAM = -6.99005'03 /= 0,0 {(NO DIM) 0,00000 9 0
9 LAMX = =1,0000E=05 s/= 0,0 (NO DIM) 0,00000 0 0
10 LAMY 5 1,0000E=05 4/5 0,0 (NO DIM) 0,00000 0 0
11 BRDD = 1,BBO0E 00 #/= 0,0 FT 0,00000 0 0
12 PCON = 2.2500E 00 ¢7e 0,0 DEG 0,00000 0 9
13 CD = 1,0000E=02 +/= 0,0 (NO DIM) 0,00000 0 0
14 MU = 3,5500E=01 4/= 0,0 (NO DIM) 3,00000 0 0
1S CDMP = 1,3600E 02 /= 5S,TE 02 FTLB/R.S 0,19451 2 1
16 FDMP = 2,0000E 00 +#/= 3,1E 01 FTLB/R5 0,05120 2 1
2 17 BIX = 4,0000E=01 +/= 0,0 SLUB,FT2 0,00000 0 0
18 GSPD = S,2960E Df #/= 0,0 (NO DIM) 0,00000 0 0
19 GYIP = 3,0000E=01 #/= 0,0 SLUB,FT2 0,00600 0 0
20 GYID = {,5000E=01 +/= (0.0 SLUG,FTR 0,00000 Q ]
21 TWST = =9,9000E 00 +/= 5,8E 01 DEG 3,29363 2 1
#GO PLOT )
o R
«*OUTPUT ﬁs\
R
v
23

(k) Output.

i)
e

Figure 2.~ Continued.
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MEASURED AND COMPUTED TIME HISTORIES

SYMBOLS /VARIABLE | 0 MEASURED, % COMPUTED, FVARIABLE 2 + MEASURED, , COMPUTED/ TIMWE
NS PR e PR IR PP P NI RN U PP PP TR E U YR NN RS ERN O R RPN RO NP PP PR PR PRI I PO P ETREI UV PRI R IRORIEAN IR RN

’ %« 0 ' * 1 0,000
I * 0 N * 1 11,556
I = 0 . * I 23,117
« 1 0 ' + 1 34,668

% 0 1 . + I * uﬁ._za_a.
* 0 I . + I 57.780
* 0 I s 4 1 69,338
* 0 I ot I 80,8%2
* 0 1 *, 1 92,448
* 0 I + . 1 104,004
* ] I + . I 115,560
* 4] I + . 1 127,116
* 0 i + « 1 138,672
* 0 i + I, 150,288

* ¢ 1 + I ‘. 161,784
* ¢ i + I ' 173,340

* 0 1 ] » 184,896

b ! : ’ 196,452

»* 1 I+ ¥ 208,008

0 x I I + ' 219,564

0 Ix I + » 231,180

0 I * 1 * ’ 242,676
0 1 * 1 + . 254,232

0 I * I + . . 265,788
¢ 1 * I L - 277,348
I 0 * I +e 286,900
10 * I . 500,456
I 0 * « I¥ 312,012
1 0 * . 1+ 123,568
I 0 * ' 1 « 335,124
I [ . + 3ub,680

1 ¥ 0 . + 1 358,236

I * 0 . ] 369,792
I * 0 . + 1 381,348
*® 1 0 . + I i92,904
* 1 ¢ R v + 1 404,450
* 0 1 . + 1 416,016
* 0 I T + I yzt,572
* ¢ 1 . + I 439,128

L4 0 1 + . 1 450,684
* 0 1 L4 . 1 42,240
* 0 1 + o 1 : 473,756
* ¢ I + 1 . 485,352

x 0 1 * 1 ., 496,908

{1) Cutput.

Figure 2.- Continued.



¥8

Ay 1
*0 I
[ 1
0 * 1
0 I*
0 1 *
0 1 *
a 1 *
LI )
0 1
0 1
0 1
0 I
0 1
10
1 0
I 0 *
! * 0
] =
I

]

MAXIMA t  VAWIABLE | MEAS= 7,910k 03, C
(=)

. +
+
+
¥
*
x
*
* L]
* L ]
L .
* ]
* »
L}
1
Y .
0 . +
pMP= 9, 086E 03 VARIABLE 2
(m} Output.

Figure 2.- Continued.

¥

1 [}
1

I

1

I+

I

1 +

1 *
1 .

I .

I L] +
1 +

I +

¥

I+

1 +

I +

+

1

1

MEAS= 7,1dlE 03,

covmP= §,255E 03

508,064
520,020
531,%76
543,132
hhd , 88
Sbb, 244
577,800
589,350
600,912
612,468
624,024
635,580
647,136
bhB,692
670,248
b&l,804
695,360
704,916
716,472
728,028
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MEASURED AND COMPUTED TIME HISTORLES

SYMBOLS /VARIABLE 3 0 MBASURED, % COMPUTED,

I * + .
1 0 x L
1 %« +,
i 0% +y
Io * o
0 Ix I
* I LE
* 1 o
* I +
*Q I A\
*{ 1 + ]
L3 I + [
Ow 1 *
0 x I
0 w i
0 * 1
9 * I
Q * i
0 * I
0 * I
0 *
0l *
1 0 *
I 0 *
I 0 *
I 0 *
I 0 *
1 *
i 0 .
I * q v
1 * 0 . +
i * 0 ' +
I x 0 N +
1 * 0 . +
I* [} « t
* 1 0 »
* 0 4,
* 0 1 ¥+ .
¥ ] 1 + .
¥ 0 1 + .
* 0 1 + '
* 0 4 + .
L]] 1 ¥
On I
{(n) Output.

Figure 2.~ Continued

Bt 3t Bt Pt Pt Bt = b Bt B P Bl B B Y R D b b b 3 Y e Bt Bt

o d et e bt Bt P S Pt bt B b - Bl

/VARIABLE 4 + MEASURED,

NN O AP E s T RSN N PRI O NP P ERREE SR PP E PN RPN P REAA PO PR PRI VSR P AN RSN IOV RN NPT PP duRs NSO

o« COMBUTED/

TIHE

0,000
11,5586
23,112
34,4068
46,224
57,780
89,3386
80,892
92,448

104,004
115,580
127,116
138,672
150,228
161,784
173,340
184,896
196,452
208,008
219,564
231,120
ed2,a78
2h4,2352
265,788
277,344
288,900
300,456
312,012
323,408
335,124
346,680
ILB, 238
369,792
363 43uB
392,904
404,880
416,016
4g7,572
439,128
uhi, 684
Yo, 240
ul3,79b
“#8h, 342
496,908



98

¢ = { &
0 * i
0 * 1
1] * 1
0 ® i
0 * 1
0 I *
0 1 *
0 1 *
10 *
I 0 *
1 0 *
1 0 x
1 0 *
1 0 * '
1 *® .
1 * 0 .
1 L] 0 . ¥
1 * 0 R +
1 * 0 ' +
MAXIMA ¢ VAHIABLE 3 MEAS= B,000E 03, COWP= 7,B2BE 03 YARTABLE 4
L
*xRESAMP
B,
B
q%@fﬁé
%
Q%%Egﬁb
(o) Output.

Figure 2.- Continued.

EAS= T,.,YB9E 03, COMP= T,b03kE 03

Tabb
520,020
531,576
543,132
554,488

“Bpb 24

577,800
589,356
600,912
bl12,468
b2R,024
835,580
bd7,136
bhB, 692
670,248
681,804
693,350
704,916
T16;472
728,028



L8

T T T T THEASURED AND COMPUTED TIME WISTORIES
. .SYMBOLS  /VARIABLE 1 0 MEASURED, » COMPUTER, ___ /VARIABLE 5 % MEASURED, , COMPUTED/ = e JTAME

RSO P g au R PN RN N T OO NS Sl PO T RO RN T el PN RPN PSP R TN R R VNP ENI VRPN RSPV RERESANERURTD
* 0 ]

& 0 []

0,000
114556
23,112
34,668
46,224
57,760
69,338
BO,892
98,448 ~
104,004
118,560
127,116
138,672
150,228
161,784
173,340
184,896
196,452
208,008
¢ 219,564
231,120
' 242,676
. 254,232
. . 265,788
. 277,344
. 268,900
. 300,456
’ 312,012
. 323,508
' 335,124
. 346,680
148,236
369,792
381,348
392,904
afa, 4s0
416,016
47,57
439,128
450,684
462,200
473,798
48%, 352
496,908

*
- ®
L e 2k T I I T b I i T o S P e e
L]

(=]
Ll B I e e I e e e e I el o T e e S o e T R e e e e e e W N W e e e e T R I e =]
*

(p) Output.

Figure 2.~ Continued.



88

L0b, 460
20,020
531,576
L] 5“3.132
' 554,688
. S66,244
1 577,800
‘ 589,356
. 600,912
[ ] bla.uba
. 624,024
635,580
M &u7,136
. 658,692
. 670,248
' 681,604
’ 693,360
704,916
Tib 472
728,028

- -
+ +

= \] '

L=
Pt Gk Bt Pt ot ded bt pmd ) b b e B bt el P e bt R
»

x 0
WAXIMA 1 VARIABLE 1 MEASZ 7,910E 03, COMP= 9,086E 03 VARIABLE S

=
T+ F e FEr+ A E I TFE
-

EaS= {,000E=50, CCMP= {1,125 04

*xRESAMP

{q) Output.

Figure 2.- Continued.



HEASURED AND COMPUTED TIME HISTURIES

SYMBOLS  /VARIABLE 2 0 MEASURED, = COMPUTED, /VARIABLE &  # MEASURED, , COMPUTED/ TIME

(AR R EEEEE R N A R R N R N R N R N N A N N R E R R R N N R N R R A N R R E R R NN |
* . + 0,000
11,556
a3, 112
24,668
46,224
57.780
49,336
80,892
. 92,448
104,004
' 115,560
. 127,116
' 138,672
' 150,228
' i6§,784
. 173,340
. 184,896
. 198,452
. 208,008
' 219,584
' 23,120
2H2,6706
. 254,232
. C 0 T265,78E
' 277,344
288,900
300,458
312,012
_ 323,568
335,120
386,680
358,236
169,792
381,348
392,904
THOY AT
416,018
427,572
439,128
. 450,684
. 462,240
. TOTHTAVTYE
' 485,352
. 496,908

68

H

L e e e e e e R R e ey N R R - N e N e e e N R N R ey N N R
<
o
*
»
+ + %t HF AT A FEEE A F YR
-
-

(r) Output.

Figure 2,- Continued.

S ——— " " g P L L R it e e




06

N 508,464
| | 520.020
. © 531,576
e L K EY
. 554,688
R L1 -1, L.
. 877,800
' 589,356
600,912
BLZ, 458
624,024
655,580
" 847,136
658,692
670,248
6B1,B04
693,360
704,916
716y4TE
788,028
EASR L,030E=50, COMP= [,172E Q4

0

™ *

.

(=]
- w o m

* 0
*

4
I
1
1
1
i
i
I
I
1
1% 0
I
1
0
i
!
1
0
1
0 I
MAXIMA 3 VARIABLE 2 MEA

TE+FFEAELAEEFFLEAESFEE ANy

"
Sz 7,141E 03, COMP= Q,255%E $3 VARIABLE &

*xRESAMP

(s) Output.

Figure 2.- Continued,



16

" MEASURED AND COMPUTED TIME HISTORIES

SYMBOLS  /VARIABLE 3 0 HE&SURED; * CUMPUTED;_"“_ /YARIABLE 7 + MEASURED, ., COMPYTED/ i
U'.lllI"l.llli.lIl'll"lil-llllllll!l!ﬂ.l'!l;l.llll!!lll.l|Il'I'II.!llll"llll|l!I!'IU'I.I'I'.II'III
+ '
1 ¢ w LI
1 * +y
1 O ¥ .
10 * * .
0 Iw + .
w 1 Ca
*0 ' i o
* 1 o
*0 1 ot
*0 i e e e e o
% 1 .
O% I t
0 * 1 o,
0 * I ¥ .
0 * 1 + .
0 * 1 + .
0 L 1 * '
0 L 1 * ’
0 * 1 * »
0 * + .
01 * + .
1 0 * + '
1 0 * + .
I 0 %* + '
I 0 * * []
I 0 x +
I * »
1 *Q *
1 " 0 " ¥
1 * 0 ' +
1 * 0 . +
1 * 0 N +
1 * 0 * +
Iw 0 . +
k] 1 D] . *
* 0 . *
* o 1 * *
* 0 1 . +
* 0 I . +
* i I ] +
* v} 1 . +
*0 I ¥
0* 1 +

(t) Output.

Figure 2.- Continued.

JTIME

h,000
11,558
23,112
34,568
46,224

YL
b9,338
80,892
92,448

104,004

LLS.SQD

127,116

138,672

150,228

164,784

173,340

184,896

196,452

208,008
219,564
231,120
242,676
254,242
265,788
277,344
288,900
300,4%6
312,012
323,568
335,124
Iub,b80

358,23

3u9,792

381,348

392,904

40d 6l

416,018

427,572

asq,128
ah0,684

ap2, 240

473,796

ubS, 3%2

490,908



u * 1 * . ’ S08,464
] * I + a 520,020
0 * I + . 531,576
0 * 1 + . 543,132
o . * I + v 554,688
0 ¥ 1 * . 566,244
0 I = ¥ . 577,800
o i * + . 589,358
0 I * . + ' 600,912
10 * + N 412,468
I 0 * + ’ 624,024
1 0 * + . 635,580
I 0 * + . 847,136
1 0 ® + . 658,892
1 0 * + . 670,248
e I * ' 681,804
' I * 0 ' + £93,360
1 * 0 ) + 704,916
I * 0 ' ) + Tio 472
1 * 0 N + 728,028
MAXIMA 3 VARIABLE 3 MEAS= B,000f 03, COMP= 7,B2BE 03 VARIABLE 7 HMEASS §,000E=50, COMP= S5,080E 03
w*RESANP
B
(u) Output.
, Figure 2,- Continued.
s '
o




1

0
0

O
*0
1
*

0

 SYMBOLS  /VARIABLE &

ok
*

MEASURED AND CUMPUTED TIME HISTORIES

BETELER IR RN PR PRI E YR RARD
.

O MEABURED, * COMPUTED, /VARIABLE 8 + MEASURED, , COMPUTED/
l'l."_l'll"l'l'l.'.l"l'il'..'"'l.l'll'l"'ﬁ‘I|’l‘l.l|l"l'l.'lll.'l"l.l

I

I

1

1

I

1

i

I

1

1

1

I

1%

I0 *

I 0 L

I Q *

I 0 =%

1 ]

1 w{

i * 0

1 * 0 N

I . * 1] []

I * & .

I * 0 v L ]

1 * 0 .

* Q [

I ¢ .

0 °

1 [

1 '

i v

I »

1

I

I

1

1

: (,

1

*

I w

(v) Output.

Figure 2.~ Continued.

+t At F s AT AT FArF AL F AR Ly

TIME

0,000
11,556
23,118
34,668
46,224
57,780
69,336
80,892
92,448

104,004
115,560
127,116
138,672
150,228
161,784

173,340

. 184,896

196,452
208,008
219,564
231,120
242,676
294,232
265,788
277,344
288,900
300,456
312,012
323,568
345,124
346,680
358,246
369,792
38t,348
392,904
404,460
414,016
427,572
439,128
450,684
462,240
473,798
485,352
896,908



6

u 1 * +
0 * +
1 0 * +
1 0 * *
1 n * *
I 4] * ¥ »
1 0 * LAY
1 *0 ot
1 * 0 ] +
1 * 0 ' +
1 * 0 ] +
i * 0 " *
1 * 4} [} +
%* 4] [ ] +
] .I 0 . T *
L] 1 0 [ ] +
* 10 [ *
* 01 . M
" 0 1 ' +
% 0 1 . M
MAXIMA 3 VARIABLE 4 MEAS= 7,989E 03, COMP= 7,603E 035 VARIABLE 4 o

*WRESCOR

(w) Output.

Figure 2.- Continued.

e e e e

508,464
520,020

531,576

543,132
bo4, 688
566,244
577,800
589, 3%86

800,912
B12 468

bed, 024

635,580

647,136

858,692

670,248
681,804
693,360
704,916
716,472

728,028
EASS 1,000E=50, COMPx 5,114k 03.



§6

MEASURED AND COMPUTED TIME HISTORIES -

SYMBOLS /VYARIABLE 1 0 MEABURED, x COMPUTED, /VARIABLE 9 + MEASURED, , COMPUTED/
IIl|lll!lltllllohtlt‘tiiuilllt!il-olDI'IIOIO!IIO'I'|'OIqulullIuilllllorll!;!ll!al!!llllllIlJlllll!#l
[ ]
I * [ + .
I x 0 + .
* I 0 + N
* 0 I * .
* 0 I + .
x 0 1 * .
* 0 I +e
* '] I . *
* 0 1 N *
* 0 1 . +
* 0 I ] +
* 0 I N ¥
* 0 I . +
* @ 1 . +
* 0 1 [ *
* Q 1 . +
*( 1 ' +
* i . *
0 * 1 ¢ +
0 I* ' +
0 1 * . +
0 I * ' *
0 1 * o*
0 I * L JE
1 0 x + v
I40 * + N
1 0 * + .
1 0 * + .
- 1 ] * + .
I 0 & + .
1 * 0 + .
I * 0 + .
I = 0 + '
* 1 0 * .
* 1 0 + s
L i} 1 ! L
* )] I .
* Y 1 ' +
* ¢ I ' +
* 0 L . +
* 0 I . +
* 0 1 . +
L 1 ' *

(x} Output.

Figure 2.- Continued.

T1hE

0,000
11,556
23,112
34,668
ub.gaq
87,780
69,336
80,892
92,448

104,004
115,560
121,116
138,672
150,228
161,784
173,340
184,896
196,458
208,008
219,564
231,120
242, 67s
254,232
265,788
277,344
268,900
300,456
312,012
123,568
135,124
IUb, 680
358,236
369,792
381,348
392,904
4o4, 460
416,016
27,572
439,128
450,684
Us2 240
473,796,
485,352
496,908



96

MAXIMA 1

**RESCOR

w0
=0
0x
0 "
¢
SR |
0
0
'
*

VARIABLE 1

1

1

L

1

I

1 - o
T g

1 »
1 3

1

1

Lo
1

I

Ig ]

1 0

1 0

1 ® 0
I =%

1

MEAS3 7,910E 03,

*

*

-
e

*

*

Tk
*
0

0
COMP= 9,086E 03

YARIABLE 9

(y) Output.

Figure 2.- Continued.

=X K I I R 20 O

RE R R R

508,464
520,020
531,576

TSE3. 132

554,688
S6b 244

577,800
589,356
800,912

612,488
624,024
635,580

e v v+ 7

658,692
670,248

e T [ -1- 5 U 1

L3
EAS= 1,000E=50, COMP= 2,493E 07

693,360
704,916

T AL

728,028




LB

HEASUREDR AND COWMPUTED TIME HISTURIES

SYMBOLS /YARLABLE 2 0 MEASURED, * COMPUTED, /VARJABLELOQ + MEASURED, o COMPUTED/ TINME
PR R U IRNEONENARE IR NI NG PR ERNFE PRI NN AN A NP RN O NP RN SRR RN R NS R N RRRUN P EIRTONRPONERPRR YOO RYY

n 0|000

N 11,556

] 25.113

[ i4,668

v 46,224

" 57,780

. b%,358

. 80,892

92,448

104,004

115,560

127,116

138,672

150,228

101,784

173,340

184,898

196,452

208,008

219,564

23i,1ar

242,676

2hé,. 232

. 265,788

¥ 277,344

. 288,300

. 300,458

' 312,012

. 323,568

. 335,124

' 346,680

. 358,246

: 365,792

] 381,348

» 392,904

v 404,460

4yé,016

427,572

439,128

450,684

462,240

T u73,796

485,352

496,908

Ll e R e e e e N el el R N = N e e e e e e e e R e S T S IR o B SR S Sl ST ST I B0 R S P S,
(=)
=
*
*
FFFEFE L F A F AR ETFE R R FE YR RSN
-

(z} Output.

Figure 2,- Continued.




86

U I = .
-0 b * s
0 I *
g1 *
1o - *
1.0 *
1 +] *
1 0
I LI
1 * 0
I % 0
* 1 0
* 1 0
" 0
* 10
* 1 0
L 10
* 0
* 01
* ] 1
MAXIMA VARIABLE 2 MEASs 7,414iE 03, COMPE 9,255E 03

**RESCOR

VARTABLELOD

(aa) Output.

Figure 2,- Continued,

T4 4+ 4+ AF T4+ FEEAE

EASZ 1,000E=50, CUMPE 3,110E 07

T s e

508,464
520,020
531,576
543,132
554,688
56b,2H4

577.BG0

589,346
600,912
612,068
624,024
635,580
687,136

6b8,6892

670,248
681,804
693,360
704,916

Tibgute

726,028



MEASURED AnD COMPUTED TIME HISTURIES

SYMBOLS /VARTAULE 3 0 MEASBUREUD, * LOMHFUTED, JYARIAHLELL + MEASUKED, , LOMPUTED/ TIME
ll.'.lf‘llEllﬂlIOQI.lll'l'lIl.lll.ll"l‘l{l‘llll'lils’l.lll.lll'll'lllllll'l'l'Il'l'l'llll'lll.ll'l.l'l
. 0,000
[ - 11.55b
* . 23,112
' 34,668
. de,224
L] 57.750
o 69,3356
. 80,892
92,448
104 904
115,560
127,118
138,672
150,228
161,784
173,340
164,896
196,452
208,008
219,564
251,120
242,676
g5t ,252
265,788
BT7,344
' 288,900
' 300,456
' 3la,012
. 323,568
* 335,124
. 346,880
. 356,256
. 369,192
N 381,348
' 392,904
. 404,460
[ “15.016
o ua?,572
. 439,128
450, 684
4u2, 240
13,796
485,352
496,908

Ox
*

E =]

*Q

*

-

66

*
=)
»*
[=
-
- = =
L SN I R S I I R e R i L E R

Ll e e e e E = R e e e e e N e e e e L ol e e e e e e S e Ll e R e
(=1
&
-

(bb) Output.

Figure 2.~ Continued.



00T -

v » 1
0 . " 1
0 * 1
0 * I
0 * I
N RSO SO SO
0 I *»
¢ 1 *
I A I
I0 *
1 0 "
U 3 Lo * o
1 ¢ *
1 0 *
1 0 *
1 *
I L
1 * 0
I * 0
I *

0
MAXIMA 1  VARIABLE 3 HEAS=z 8,000E 03, COMP= 7,828E 03

**RESCOR

VARIABLEL!

(ce) Output.

Figure 2.~ Continued.

EAS= 1,000E~50C, COMP= 6,696E 06

508 464
520,020
531,576
543,132
554,548

589,356
800,912

T b12,068

624,024

. B35,580

647,136
658,892
670,248
681,804
693,360
708,916 |
7164472
728,028



MEASURED AND COMPUTED TIME HISTORIES
SYMBOLS  /VARIABLE 4 O MEASURED, * COMPUTED, /VARIABLE12  + MEASURED, . COMPUTED/ . TIME

T...I.'....'...'.""y'.....""l.."I'I""‘l.'.0....'."I.'..'..'."'.""...."'l'.'.'.""...'"'an.
* 1 + . G4,000
M 11,556
» 234112
- | S‘Igﬁba
’ ‘ 46,224
. 57,780
' 89,336
. 80,892
S2,448
104,004
115,560
127,116
138,872
150,228
161,784
173,340
184,898
196,452
208,008
219,564
231,120 °
2u2,876
254,232
285,788 °
277,344
» : 288,900
M 300,454
. 312,042
’ 123,548
. 135,124
N 346,680
» 358,246
. 369,792
N 381,348
M 392,904
' 408, 4860
‘o 416,014
' 427,572
s w3z, {28
s 450,684
’ 462,240
: BT3,198
485,352
H96,908

0 =
Ox
Qw
*0
*0

10T

»
"
<
<
-

»
L=
-
-
L 2 B NE R B B B I B N T TR R N IR N B SRR N RN NN R A R T A N NS

bl B b Bt B0 i bt I b et 0 D b b Bt et et e b b B % o Bt b bl B B B B Bed 3 S 3T 3 4 31 i bl Bk et
*
<
-

{dd)} Output.

Figure 2.- Continued.



201

BUB, 4bk
520,020
531,578
543,132
554,688
H06,244
B774¢B00
589,356
600,952
e12,468
624,024
635,580
647,136
658,692
670,248
481,804
693,360
704,916
716,472
T88,0488

" 0
* 0
MAXIMA | VARIABLE 4 HMEAS= 7,989E 03, COMP= 7,603E 53 VARIABLEfZ2 HEAS= 1,000E=5Q, COMP= &,814E 06

St B4 O e et Bt e b B e 2
*
»*
o
oo
- -
T+ 4+ F Attt

=GO STOR
THE DATA wILL BE STORED ON UNITI1O

) (es) Output.

Figure 2,- Continued.

e bbb s e e et = mavee i s i K LA R a2 amem T e e e R R Ly




.,96655‘;.

o

e01

NTARE | NRUN & KDT=11%956

VARIABLES STORED ARE IRENTIFIED BY A 1 IN GOLUMNS )11 TO 22 AFTER THME COMMAND %*STORAGE
*STORAGE 11l1l1ii3111t

(££) Output.

Fipure 2.- Continued,



*xwkQUTPUT DATA HAD TO BE RESCALED BEFORE STORING

TO OBTAIN ENGR,

24,2U49E=01
2,523E~0}
4,9B2E 02
6,694E 02
2,348E=01
34372E=0}
VARIABLE
VARIABLE
VARIABLE
VARIAHLE
VARIABLE
VARIABLE
VARIABLE
VARTABLE
VARTABLE

FOR
FOR
FOR
FOR
FOR
FOR
1§
18
15
I8
15
I8
18
I8
15

M@~ LN

VARIABLELQ 18
VARIABLEL]l IS
VARIABLELZ IS

END

o7

460 PRINT

YALUES MULTIPLY STORED VALUES BY

CHANNEL,
CHANNEL
CrANNEL
CHANNEL
CHANNEL
CHANNEL
STORED
STORED
STORED
STORED
STORED
STORED
STORED
STORED
STORED
STORED
STORED
STORED

oy

U= O 00Ul

(gg} OQutput.

Figure 2.- Continued.



SOT

" COMPUYTED OUTPUT VALUES o ’ MEASURED VALUES ' COMPUTED VALUES

_PSI ~ MBETAX  MBETAY ROLL A PITCH A MBETAX MBETAY ROLL A PITCH & SPMR  SPMP BETA1l HBETA2 BETA3 RDELTY RDELTZ
0,00 T81,0 =1021.6 2,652 =1,150 - T9BE,3 T TePE5,7 1,915 ={,B2B wp3, B 8.3 1,912 1,400 0,592 »28,96 =51,990
11,56 500,7 =953,6 2,327 «1,707 1054,4 =308,2 2,098 =2,006 =58,9 Tub 14857 1,261 0,743 =3b,80 w8} ,47
23,11 196, =890,9 {,902 =2,181% Ta3, 4  =307,7 1,816 =2,363 =55,0 10,6 1,796 1,099 0,896 «47,36 =42,98
34,67 =117,5 =B46,8 1,386 =2,552 25B8,2  =410,2 1,164 2,664 =49,0 13,3 1,740 0,920 1,041 =5%,49 =3{,49
Aey22  =422,7 wBR5,9 0,808 =2,796 =158,5 w348,0 0,199 =2,710 =a48,1 100 1,698 0,735 1,172 =60,36 =1B,02
57,78 =701,9  =B2A,1 0,198 2,913 537,66 =5{9,7 0,203 =2,807 =57,7 14,3 1.659 0557 1,283 61,72 =4,90
69,34 =939,6 =B30,1 0,433 w2,894 w565,7 =642,1 =0,496 =2,961 =59,0 15,5 1,627 02396 1,369 =h2,448 8,55
BO,B9 w1124,7 wB27,1 «1,044 =2,735 «518,7 =702,7 =1,008 =2,929 =&1,6 14.1 14589 0,266 1,429 =59,14 22,86
92,45 ©1251,2 =796,8 1,609 2,444 #658,5 wBB7,7 1,568 w2,662 =55,9 10,6 1,534 0,173 1,457 52,99 35,38
104,00 =3318,3 =723,1 2,090 =2,039 w710,9 =B46,9 =2,030 =2,246 -4y, 2 0a2 1,854 0,126 1,488 =43,37 446,08
115,56 =1330,6 =595,2 w2,464 «1,555 =825,4 =835,9 w2406 =1,936 =4b,1 =3,1 1,344 0cl22 1,498 =3f,62 52,68
187,12 =126,6  =409,6 =2,731 =1,001 «914,8 =«1065,6 =2,76]1 =1.382 =~uB,3 By 1,204 0,166 1,507 =20,88 57,97
138,67 »1226,0 w170,6 =2,876° 0,394 «689i,1 S{09U,E "=2,950 0,827 =43,3 T8 1,040 0,253 1,521 «8,40 52,13
150,23 w#1127,9 110,2 =2,884 0,228 =674,6 =962,8 w3,103 =0,293 =45,8 20,2 0,862 0,377 {.,544 5,73 62,28
161,78 =1008,5 414,1 =2,746 0,846  «591,3  w562,4 =3,110 0,259 =d41.48 22,9 0,680 0,530 1,573 20,00 60,1t
173,34  wB70,7 717,8 «2,478 1,409 =390,8 -230,6 =3%,008 0,820 ~42,9 13,8 0,509 0,703 1,603 32,83 53,02
184,90  =714,5 996,6 =2,111 {,B98  ~446,.8 19,6 =2,737 1,448 «51,4 12,6 0,381 0,885 1,624 41,71 48,07
196,45  «538,7  1227,5 =1,649 2,302 =502,2 52,5 =2,356 1,989 =54,8 10,9 0.245 1,067 1,625 49,97 35,04
208,01 m341.5  1391,7 =1,113 2,600 =318,7 69,4 =1,896 2,451 w=59,8 9,0 0,170 1,241 1,595 Sh,a7 23,77
2.8

219,586 =122,9 1476,7 =0,523 2,782 w379,6 dba,1  =1,347 2,812 =57,2 1 0,180 1,401 1,528 60,88 1,K7
231,12 114,8 1476,9 0,.09% 2,825 =321,b 808,5 =0,814 3,045 =53.6 12,7 0,156 1,540 1,421 62,23 =2,39
242,68 366,1 1394,6 0,705 2,731 =520,3 B02,8 =0,120 3,163 =b65,0 29,1 0,818 1,657 1,279 59,83 =15,00
254,23 621,2 1238,5 $.301 2,456 =525,4 227,8 0,434 3,137 =58,4 2845 0,319 1,791 1,108 87,04 =29,37
265,79 867,1 1021,6 1.823 2,134 =339,0 737,9 0,969 3,002 w5i,n 2343 0,453 1,818 0,921 48,1 =41,99
277,34 1087,3 760,14 2,243 1,673 =131,0 561,9 1,520 2,735 =44,7 23,8 0,612 1.856 0,732 36,39 =50,67
288,90 1264,5 470,9 2,538 1,139 204,0 423,1 1,973 2,339 =36,2 9.8 0,786 1,862 0,550 23,28 =5&,3n
300,46 1382,7 170,7 2.707 0,582 167,3 153,1 2,403 1,745 =47,.,2 3,3 0,964 1,832 0,402 10417 =57,13

312,01 1429,6 =125,3 2,769 0,004 271,.8 95,7 2,722 1,208 =5i,0 6,9 1,136 1,763 0,284 0,05 =57,72
323,57  £397,8 wu04,2 2,711 =0,583 298,5 83,0 2,924 0,648 53,4  f4,1 1,294 1,655 0,209 =11,/7 =57,79
335,12 §285,0 w656,0 2,522 =1,15% 577.2 208,2 3,03} 0,115 =4%,1 11,0 1,432 1,509 0,179 24,72 =54,91
346,68  1099,2 «873,2 2,219 wi,656 873.4 28,8 3,029 «0,514 ~47,0 9,9 1454 1,330 0,197 =35,83 =47,23
is58,24 818,8 «1050,0 1,818 =2,090 1001,1  =151,5 2,875 =1,147 =47,8 11,4 1,634 1,126 0,258 =U4,35 =55,97
369,79 532,0 =~1182,8 1,335 «=2,432 1264,8 =34,8 2,610 =1,6894 w=48,2 6B 1,69% 0,909 0,359 =51,49 =29,07
381,35 194,5 =1268,6 0,802 =2,667 1143,9 «164,3 2,180 =2,230 =54,] 11,5 1,729 0,693 0,491 =55%,51 =17,60
392,90 =151,5 =1304,8 0.222 =2,79% 718,3 =192 .5 1,646 w2,5989 =48,7 947 1,738 0,490 0,647 »5B,8b =b,51
404,46 =4B3,9 =iPBB,4 =0,363 w=2,788 264,3  =250.,2 0,938 =2,B28 =ab,i Sei 1,720 0,314 0,815 =58,%0 5,83
416,02 =782,0 =1217,0 =0,927 =2,665% =342,7 =607,0 0,045 =2,B98 =61,3 11,6 1,672 0,176 0,985 =54,87 18,46
427,57 =1028,3 =1089,1 =1,464 =2,41% «509,4 w601,5 =0,381 =2,968 =50,4 12,4 1,594 0,085 1,149 =5],05 29,48
839,13 =1209.8 =904,B =1,939 =2,06& =52{,9 wb72,4 =0,935 =2,918 =62,0 12,2 1,480 0,046 1,295 «y43,82 40,52
450,68 w1319, =6867,5 =2,349 =1,b14 -680,4 wTT8,9 =1,445 w2,700 =59,7 11,7 §.,342 0,061 1,426 =36,26 48,92
462,24 =1354,0 »383,9 w2,657 1,087 w7191 .5 =771,6 =1,911 =2,346 =54,8 TeB 1,172 04,127 1,526 =2%,36 58,01
473,79 =13i8,3 n65,1 2,848 =0,511 @ =744,5 =1069,7 =3,352 =1,979 =a&0,4 9,0 0,981 0,240 1,604 =12,98 59,69
485,35 =~1219,% 273,4 =2,923 0,102 =792,0 wi180,8 =2,700 ~1,563 =53,4 9.2 0,778 0,392 1,084 =],33 ol1.81
496,91 =1069,6 12,6 2,886 0,712 ~888,2 =1190,6 =2,991 =1,040 =50,3 8el 0,576 0,578 1,078 12,11 60,51
508,46 =B79,2 931,3 wg2,683 1,295 =839,5 =10B7,1 =3.i%8 =0,082 =45,0 15,9 0,388 0,768 1,878 2s,38 %6,21

(hh) Output.

Figure 2.- Continued.
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520,02
53§57
543,13
554,69
Sb6,24
577,480
589,15
600,94
612,47
624,02
635,58
847,13
658,69
670,25
681,80
693,36
704,91
Ti6 47
728,03

YRk kN R

**%END OF JDENTIFICATION RUN NUMBER 1 , TOTAL COMPUTATION TIMEIE1..50 SEC, i

¥RETURN

~ab(,4
w23 0
'175;5
5.1
3231
baa,8
788,9
99%,0
i173,9
1318,9
14135,6
1452,8
1423 ,86
1318,2
1133,9
874,5
559,06
179,90
1599,0

1207 ,0
1420,7
1553%,2
1593,8
1537,8
1388,8
1i57,4
61,3
522,3
164,5
-188,7
-51&.”
~B01,9
=1033,7
=1205,7
wi316,6
{369 .4
=1370,2
1722,0

’2.3?0
=1{,948
=], 444
(1,877
=0 ,284
0,330
0,926
1,492
2,017
2,460
2,812
3,040
3,131
3,101
24943
2,669
2,277
1,786
4,000

1,824
2,263
2,616
2,861
2,990
3,007
2,892
2,b80
2,314
1,864
1,323
0,710
0,071
0,575
-1,186
»t,748
=2,259
=2, 685
3,959

“b20,0
-dB3.5
"591|5
-28901
"512.0
=2&b,0
120,86
=-167,9

={5h,.4

=274 ,4
=385,7
=-307,8
=165,3
132,2
334,4
379,86
bbb b
1002,%
1599,90

m617 7
“362,0
-122,4
157,0
189,6
£38,7
962,14
1081 ,14
1229,7
290,0
648,5
329,8
28,1
127,3
347,7
156,5
13,6
“101,1

(3i) Output.

3,200
~3,119
2,858
2,600
=2,15%
=] b45
1,106
"9.“71
0,163
0,896
1,506
11652
2,370
2,651
2,875
3,913
3,032
2.961
4,000

0,035
0.706
1,314
1,806
2,336
2,688
2,949
3,133
3,144
2,951
2,670
2,278
1,776
1,314
0,838
0,210
0,391
«0,986
3,959

Figure 2.~ Continued.

=35,3
-ud,1
wld7.9
4o, 4
=53,5
=417
-81,7
48,6
“dily 3
-51'9
=51,0
-4&.2
=55,0
~47,9
mig, 3
P
45,3
45,6
59,8

et et o
TretdMIn O~~~
- W % B ¢ 2 5 P o

DE@mMNDO U D

YR N
™
-

31,1

0,227
0103
0031
0011
G044
04130
0,262
030
0,623
0,830
1,037
1ed3}
1,401
1,540
i.841
1,703
1,728
1.72%
1,088

0,968
1,160
1,333
1,479
1,590
1,666
1,707
1,717
1,699
14659
1.599
1,519
1,418
1295
1,146
0,975
0,785
0,585
0,386

1,058
1,594
1,515
14401
1,256
1,084
0,891
0,687
0,484
0,296
04130
0,018
0,054
-0.0&9
-0.027
0,070
0,216
0,400
0,611

36,70
46,97
53,64
59,04
60,54
61,37
58,76
54,28
4n,12
39,74
29,87
16,52
2,03
=9,%6
-22.52
33,25
-ﬂﬁ.qa
-55.55
59,71

49,71
39,43
29,74
18,60

beHB8
-‘!.43

-17065

2B .86

mi9,490

45,40

-57.29

=63,58

=64 ,89

=b3,85

=59, 43

53,39

wd7 RT

=37,98

26,91
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{(jj) Identification results for two iterations; plot of hub moments
and the residual amplitude and autocorrelation of the error
between computed and measured hub moments.

Figure 2.- Continued..
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- (kk) Identification results for two iterations; plot of swashplate
angles and the residual amplitude and autocorrelation of the

error between computed and measured swashplate angles.

Figure 2.- Concluded.
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LOGON FESTGK,MAINPR,D260IFSTI9 T84T 1GERD KANNIWG STYOP 17 PH G4855!
CALL MAINZSS
1 0060 0.00 _
#,UD0 +00+,268 +0%4,246R0 +034,165 +02+,417 +01+,97 +00
#0158 #01+4,1926 #0344 IR 301+ ,0566 301+,00 400+ ,12N21406+,145 401§
= 0% $+01+,225 +05+,0 +00%,T0 +02% 2288 =02
*, 0 +004,0 #00= 2428 +014,11296+014,10 =04
+,1512 401w, 0666 «N1s, 14 +N1e 12535%4024,592 +004,1881 «02+,857 401
+,.3 +N0+, 15 +004, 60 +N24,00 +00+.1020N%05+,B7 +00
#0080 #0470 #01a,80 402 ‘
+, 2052 201w, 2856 +02«,115 +01=,519 402~,507 +024,121 +02

+,1 768 4014 . =252 0%

+.5778 014,00 %00%,00 +00%,7 +01 .

#, 40 +02+,.10 ¥024,10  =014,10 wlOte, ! =0f4,1 i+, 4 =il
*SENSITIVITY

SENSITIVITY ANALYSISEROR HELICOPTER ROTOR PARAMETERS==RECORD 6
21 63 ﬁaﬁ@ 210000

Ry

: BN L0001
2222922 22222222222227
+s268 4034,97 +00+,857 +01+,120214064,4566 014,15 +01 c
+.87 +00=, 4699 al2=,10 LLEE ] w188 014,225 #401 c
+,1 w01+,385 +004+,8¢ «024,7 +014,14 +00+,5796 +02 c
=T +004,15 +00=,987 4014

25w :

26

Jg

2

w |l

30

3

32 :

J5 TB1Y SLOSS,CLEG,BETA,LOCK,S%ER, C2,LAM LAWY, aMY,BRON,PCON,

K COr  MULCOMP,FDMP, RIX,GSRNGYIP,GYID, TWST

D5 51599 3004,1722 +004+,40000w034,3959 =034+,3495 =03¢,51480 =05 c
36 FT=LBS FT=LRE DEGREF DEGREE

IT 40797 =0R+,A493 =072

28 FT«LB FTwlB

X sLUG,FTRINO RIMINEG FTLB/RADIND DIMIDEG {NO DIM){NO DIM)(NO DIMI(ND DIM)

‘Z$~ FT . DEG TOIND AIMI(NN BIMIFTLB/R SFTLA/R,SSLUG,FT2(NN DIMISLUG,FTRSLUG,.FT2
| DEG .

4L OSET 5

43 RUN { & 5778

44 END

4z KRRRFRAKRE

-

(a) Data input deck.

Figure 3,- Sensitivity rum.

1008 B0
I7IaRTE0

,Wﬂ@ -
g1 FOVd

»*

41ﬁF%§E!j1ﬂ0(§ﬂﬂ!¥§§
g TYEDIER-



0Tt

46  kkdkwdkhkn
47 xRETURN
48 LNGGFF

(b) Data input deck.

Figure 3.- Continued.
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TWl DEGREE OF FREEDOM HELICOPTER BLADE AND GYRO SIMULATION

PROGRAM CONTROL LOGIC
IFLOG=w] IHINGE= ¢ IRDT= 0 INFa= 0 ISIML= O IFLOW= 0 JREC= 0

BLADE PARAMETERS
BIX= Q.40 BIYS268,00 BIZ=268,40 RADIUS316,5 CHORD=1,17 BLADE LOSS=,97
L SMEEP= {,50 RPM= 192,6 WINGE POSITIONS1,88 LOCK= 4,566 DELTA3Z 0,00 K BETAS0,120210E 06 P15 1,45
; 2WISTz =0,43 PRECONES 2,250 GT= 0.0000 AIR VELOCITYS 70,00 ALR DENSITY=,002246 ALPHAS 0,000 ALPHASE 0,000
LITTLE A1S= 0,000 LITTLE B1S= 0,000 BIG A1§==2,428 BIG 815= 1,130 COS9.010 LAN=0,000000 LAMX=0,000000 LANY=0,000000

BLADE INITIAL CONDITIONS :
BETA1= {1,912 BETA] RATE=X w=4,67 BETA2= 1,400 BETA2 RATEs ={2,53 HETA3Z= 0,592 BETA3 RATES 14,81 COLLECTIVE= 8,6 ¢

GYRO PARAMETERS
IRz 0,300 ID= 0,150 GYRO ANMELE= 60,0 GYRO DAMP L= 0,00 GYRD RPM=10200,0 MECHANICAL ADVANTAGE (230,870
FEATHERING RESTRAINT KZETA= 0,00 FEATHERING DAMPING CZETAs 7,00 SWASHPLATE DAWPING C35DAMP= BO,00 PSIOF= 0,00

; INITIAL CONODITIONS ON GYRO
DELTA1= 2,652 DELTA!l RATE® =28,56 DELTAZ2= «1,150 DELTA2 RATE= =51,90 NU1=~50,70 NU2= 12,10

PHI® 1,768 RPHI= 0,00 THET= w2,320 RTHETR 0,00 RHBIASE 0,00 PHBIAS® ¢,00 RABIAS= 0,000 PABLIAS= 0,000

INITIAL CONDITIONS FOR STARTING AND STOUPPING THE INTEGRATION ROUTINE
OELPSI= 5,78 REVS= 0,00 REVO= 0,00 REVFE 2,00 TRUNC=0,0000

SCALE FACTORS FOR PLOTTING PROGRAM
SCALE(]) SCALE(2) SCALE(3) SCALE(4) SCALE(S) SCALE(6) SCALE(T)
1,000 01 1,000 01 14000E=02 1,000E=02 1.,000E=02 1,000E~02 1,000E=02

SCALE(8) SCALE(9) SCALE(10) SCALE(I1) SCALE(L2) SCALE(13) SCALEC(14)
0,000 0,000 0,000 0,000 0,000 0,000 0,000
{c) Output.

Figure 3.~ Continued.
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FPARAMETERS CALULATED FROM INPUT DATA
OMEGA= 20,164 GYSPED® 52,96 MU= 0,355 LAMBDAam, 006999

DELTAT=0,5000E=02 TIMES=0,0000 TIKRER=0,0000 TIMEF=0,6235E 00

#SENSITIVITY _ . .
SENSITIVITY ANALYSIS FOR HELICOPTER ROTOR PARAMETERS=<RECORD 6

(d) Output.

Figure 3.~ Continued,




DATA CARDS LISTING##xx«RUN NUMBER 1= b

X AXIS INUREMENT KDT= 6S778 SKIP= | 65 POINTS PER CHANNEL
THE 0 FOLLUwWING CHANMELYS WERE READ 3 O,

81T

(e) Output.

Figure 3.- Continued,



BIXTYnd 900% 0
EL.EDVd VNI

i 4 DUTPUTS

21 PARAMETERS

63 MEASURED VALUES PER DUTPULT { 252 MEALUREMENTS),

TIME INTERVAL BETWEEN MEASUREMENTS 0,0050 SEC,

ANGLE INCREMENT BETWEEN MEASUREMENTS 5,78 DEG

INITIAL CONDITIONS

4,629Em02 =4 9BDE=0] »2,007EmQ2 =9,05BE=01 3,33TEw02 »B,144Ex02

SCALING FACTORS FOR DATA UNITS

1DTUR  1,599E=01 FT«LBS / 1,722E=J1 FT=LEBS / 4,000E=D4 DEGREE
B,7T97E=03 FY=LB /  4.493E=03 FTe=LB /
PARAMETERS NAMES
i) BIY 2) L0ss 3) CLEC 4) BETA 5) LOCK &) SWEP
13} co 14) Hy 15) CDHP i6) FOME 17} BIX 18] GSPP
INITIAL VALUES UF THE PARAMETERS
2,580E 02 9,700k=01 &,570E 00 §,202E 05 4,566E 00 1.500E 00
1.000E=02 3,550E=01 8,000e 01 7,000E 00 4,000E=0t S,296E 04
*x*THE FOLLOWING WEIGHTS ARE USED®*% .
1,000E Q0 1,000E 00 1,000E 00
ERRMIN = 1,000EwQy , DHIN = 0,000
INIETIAL PARAMETER INCREMENTS FOR GRADIENT EVALUATION
1,000E=02 1.000E~02 1,000E=02 1,000E~02 1,000E=02 1,000E=02
1.000E=«D2 1,000Em02 1,000E=02 1,000E=02 §,000E=02 1,000E=02
. hkkkkxkk
ITERATION 0, MODE WAS9%, KND= 2
T A N O T 0 T o 0 o o o A R A M £ T & R S
1 13 25 2 14 2& 31 27 § 16 28 5 17 29 & iB8 30
o 2,680E 02 9,.,700E=«0f B,5708 00 1,202E 05 4,586E 00 1,500E 00
L 1,000E=02 3,5%0E«0)] 38,0008 0! 7,000E 0Q 4,000E=01 5,296E 01
(£) Output.

E,HHSEfOE w2, 188E~0)

3.000E=01

Pigure 3.~ Continued.

SENSITIVITY ANALYSIS FOR HELICOPTER ROTOR PARAMETERS==RECORD &

S D D YUY al e O P P R Y N A e G Y YWD T e e A D O I M G O 0 U DN O D G S

| WAS THE SKIPPING FACTOR USED
2 STEPS DF INTEGRATION IN EACH INTERVAL

1,043E=02 R2,58bE=01

/ 3,959Ew0& DEGREE / 2,495E=04 /' 5a140E=QE .
T) cz 8) LAWK 9) LAMX 10) LAMY 11) BRDO 12) PCON
19) GYIP 20) GYID 21) TW§T
B, TOOE=0f «b,990E=035 =~1,000E=0% {,000E=05 11,8808 60 2,250F 0O
3,000EwD1 1,500E=01 =9,430& 00
1,000E 00
1,000E»02 1,000E=02 1.000E=02 $,000E=02 1,0Q0E=Q2 1,000E~D2
~1,000E=02 1,000E=02 ,000E=02
REL,ERRUR = 0,00 COST = 0,000
¥ A [ S I A T L T T e T e P L L LT T T T
719 31 8 20 32 9 21 33 10 22 34 11 23 35 1@ 24 3%
ByTO0E»Q! =& ,990E=05 »1,000e~05 1,000EwD5 {§,BEQE 00 2,2%0E 00

1.500E~0) =9,430E 00



BASIC CRITICAL

PARAMETER SEPARATION PARAMETER SEPARATION
GYIP. o b -
LAMX Y 1,008 00 BIX 1,06E=01
BETA =b Gel3E=Q1 ' SwEP T,6BEwD2
GYID - - By 34E~q0) BIx T.56E=02
COMP 6,67E=01 8Ix 3,23E=02
LAMY S.12E=01 BIx 1,36Em02
PCON 3,39E=01 BIX 1. 19E=D2
BIy - 33 30E=01 BLX 1,14k=02
MU - 3,01E=01} BIX 8,60E=03
LOssS - L B2e39E=DY B8IX 6,13E=D3
LAM 1,83E=01 BIX 5.86Ew03
)] 6409Ekw02 BIX 59.69E=03
ca S487E=02 BIX 4,92E=03
BRDO S,06E=02. BIX Gy BOEmD3
FOMP 3462E=02 TWST §,00E=03
LOCK o 5, 78E=03 SwWEP I,ATE~03
BIX 3,52E=03 TWST 2410E=03
SHEF- 3.39Ew03 THST 22 00E=0Q3
CLEC - 1495E=03 TWSY 1,75E=03
DEPENDENT SETS QF PARAMETERS.
SEPARATION
0.92En=07
GSPD,GYIF,
IF GSPD! = 1, THEN  BYIP! s=S5,b56E«03
0.31E'0“ : . .
BIY ,LO88,CLEC,LAM ,PCON,CDMP,GYIP,GYID,THST, ',

IF TWST! = |, THEN BIY | =al,01E=0]1 LOSS! ==5,63Em05 CLEC! 3=6,53E=01 LAM | ==y, 73E=03 PCON! & 5,2BE=03 COMP! mwd,42Ew(l
GYIP) ==}, BREm03  GYID' =wh,B5E=03

(g) Output.

.Figure 3.~ Continued.




oy
+XSTHERE ARE 21 PARAMETERS In THIS PrOsiEn THE SEPARATION THRESHOLD WAS 0,10E=03
MAGTGENUMBER 1 1122221 2221221220110

*xkDEPENDENT SET NUMBER | **xxSEPARATION = Q,92E~0Q7

A TRUE VALUE I3 OBTAINED FOR

BI1Y ,LOS8S,CLEC,LAM ,PCON;EDMR,GYIP,GYID,
IF IS KNOWN THE TRUE VALUE OF

GSPD,Tw8T,

* % % % %

INDEPENDENT PARAMETERS
BETA,L.LOCK,5wEP, C2,LAMX,LAMY,BRDO, con, MU, FDMP, 8IX%,

IRRELEVANT PARAMETERS
© NONE,

NQT ESTIMATED
GSPD, TwST,

NOT USED
" NONE,

* % % F % % AR N

91T

DET= 0, 1147030549762990=36  TIME = 3,954 SEC

PARAMETER INCREMENTS (DA/A) FOR GRADFENT EVALUATION

BIY = 1,0E=01 L054%= 2,8E=02 CLECE 2,2E=02 BETAZ 1,0E=01 QLOCKS 1 1k=01 GSwEPs }.55-01
G2z B,eE=02 LAM = "5,0E=01 LAHX=2 5,0E~01 LAMYS G§,0E~01 BRDO= 5,0E~01 PCON= 2,3E~01
tD= 'S5,0Ew01 - Mus |{,0E=01 COMPz 3,9E=Df FOMPs $,0E=0] BIx= G5,0E=01 GSPD=  1,4E=01

fﬁYIPS "1, 8E=01 GYID= S,0E«D1 TaST= 2,7E-02

(k} Output.

Figure 3.- Continued




FINAL RESULTS OF THI5S TSENTIFICATION

A 000y T ) D L ) S

_FIT TEST é’ COST 5  0.5000 CORRELATION = 1,00000
LATIVE ERROR ¥ 0,0000
ESTIMATED™VALUES OF THE PARAMETERS _ ,
DEPENDENCY INDEX
NAME EST.VALUE ERROR BOUNDS  UNITS SENSITIVITY FINAL INITIAL
1 .BIY = 2,6B00E 02 ¢/= 0,0 $LUG,FT2 0,76922 1 2
2 LOSS & 9,7000E=01 /0 0,0 (NO DIM) 2,74623 { 2
3 CLEC = #,5700E 00 +/= 0,0 DEG 4,07084 1 2
4 BETA = 1,2021E 05 4#/m 0,0 FTLB/RAD 0,74851 2 2
S LOCK X 4,5660E 00 +/= 0,0 (NO DIM) 0.87229 2 2
& SWEF 3 1,5000E 00 +/= 0,0 DEB 0.51594 2 F
7 G2 = B, 7000E=0f +/= 0,0 (NO DIM) 1,10879 ‘2 2
B LAH = =6,9900E=Q3 4/= 0,0 (NO DIM) 0,14846 1 2
9 LAMX % =1,0000E=05 +4/= 0,0 (NG DIM) 0,00028 2 2
40 LAMY &  1,0000E=05 4/= 040 (NO DIH) 0.00031 2 2
14 BRDD = §,B800E 00 #/= 0,0 Fr 0,01868 2 2
12 PCON = 2,2500E 00 4/% 0,0 DEG 0.31244 1 2
13. CD = 1,0000Ew02 +/= 0,0 (NO DIM) 0,05107 2 2
14 MU E 3,5500B=05 +/= 0,0 (ND DIM} 0,71696 2 2
15 COMP = B,0000E 01 +/= 0,0 FILB/R,5 0,13415 1 2
- 16 FDMP = 7,0000E 00 +/= 0,0 FTLB/R,S 0.07337 . 2
= 17 BIX = 4,0000E~01 <+/= 0,0 SLUG,FT2 0,03063 ‘ 2
18 GSPD = 5,2960F 01 +/= 0,0 (NO DIM) 0,56705 b 2
19 GYIP = 3,0000Ew01 /= 0,0 SLUG,FT2 0,56705 1 2
20 GYID = 1,5000E«01 +/= 0,0 SLUG.FT2 0,00098 { 2
21 TWST 5 =9,4300E 00 &/= 0,0 DEG 3,26822 0 2

Khekkk ki

*xxEND OF IDENTIFICATION RUN NUMBER § , TOTAL COMPUTATION TIMEL26,50 SEC, **%
*RETURN :

(i) Output.

Figure 3.~ Concluded.




APPENDIX A

. INTERNAL PROGRAMS

A description of the internal programs and library programs
is given in this appendix. The user is not required to change
these programs. Although if the users application of these
programs requires the estimation of more than 36 parameters some
changes in these subroutines is reguired. The user will then
have to become thoroughly acguainted with the programs given in

this appendix before altering them. For cases requiring less

E than 36 parameters the application of these programs has been

discussed in the text.
9. READINSS
- Description
The subroutine reads the measured data from either input

cards or from the computer disk. The data the program reads

must be scaled by the scaling factor SCALE(J). This scaling

factor reduces all data to a four digit integer with the appropriate

sign. For the data to be read from cards or disk storage a

% data card submitted with the identification input deck will

: specifv which disk unit is to be read. This card has the format
(starcing in column 1) DESTxx where xx represents the unit from

which data is to be read. The READIN subroutine which is called
by the INOUT subroutine will then read the cards from the disk.

- If DSETO05 is specified the READIN subroutine will look for the

data cards submitted with the identification data input. (See

example 1 for data card input and example 2 for data read from
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disk}. An example of how the data must be organized for card
or disk usage is shown in table 1lA. All the cards contain,
in column 1 to 4, a code name indicating the type of card defined
as:
RUN | first card of the data set
DATA first card containing data points corresponding to
a variable |
kkhk following cards containing data points of the same variable
END last card of the data set |
In column 5-6 and 8-9 two integers are found with the following
meanings: .
-for a 'RUN' card the run number is specified and fhe tiﬁe
interval betweer measurements is 17 to 20_(not§ in table
12 the time interval was 5700 which had the units of milli-
degree)
~for a '"DATA' or continuation ('#***%*') card the variable
index and card index corresponding to this variable.
(Example #*#*%* ] 81 is the 8lst data card cohtaining the
data points of the variable number 1)}.
In columns 11 to 80, 14 numbers are found with the format
I5 representing the successive values of the variable.
Usage
CALL READIN (KSTOP, LIST, MISFIT)
The arguments in the call carry out the following functions;

KSTOP total number of data points that can be read
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(A

RUN ¢+ &
DATA ¢ 1
hhkk § 2
kkkk | B9
DATA 2 ¢
"kxx 2 2

1
1

*t;* 2 81

DATAYR2
wkkky|2 2
**;*12 49

END

f‘zjiif‘m"

TABLE 1A.- EXAMPLE OF MEASURED DATA SET READ BY SUBROUTINE READIN$$

5700
w{6U2uRUbIm2053n116Tw]1083 ~BBLlm]315 0 381 S08 =637 S29
-793-2281-“348-&746-3931-Q8§9-37§3-aaﬂ0-3390n2625-2068h1251

1
]

1866 1602 1125 1560 647 12310000 0 0 0. 0 0
1102 1194 1104 948 760 430 330 173 =88 =244 =334 wi43
599 646 B58 {129 {190 1316 1367 1260 1281 1051 &39 382

=336 wBAS =9hé w942 «BAB9 «60510000 0 0 0 0 0

wldS2 =769
872 875
Y 0
178 449
1312 493
Q 0

w3960w2972w3030m31163]{3e32T5u34;dwli580ui564e3T43n379 23893407 7=4132
pd093wb{1 7wl Timli2T62U226md158md10inl07 Teb0Udd=d021=37Tdn3828-3610=3573

»309810000 0 0 0 0 0 a 0 0 0 0

0 0
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LIST 0: no print-out of data cards after they are read
1l: data gards are printed—-out after they are read

MISFIT data point at which program should start reading data.

The labeled common /STATE/ must appear in the program and in the

calling program. The variables in this common statement used

in the program are:

ND number of points to be read

KSK skipping factor which determines whether each point
(KSK=1) should be read or every other point (KSK=2)
etc., should be read.

INIT(12) an array of 12 l-digit integers corresponding to the
output channels. If 1, the first data value of the
corresponding ocutput is subtracted from each of the
other data points, If 0 no subtraction is made and
the data is read in as stored.

YM{200,12) the matrix in which the data is stored for a maximum
of 12 channels.

Note that the increment between data points is read into the

program on the first data card as shown in the example above

and is defined by the variable KDT. The increment is defined
as milliseconds or millidegrees and is given by the variable

DT in seconds or degrees.

10. PARAMSS

Description
The subroutine PARAM carries out the parameter identification

of the mathematical model.
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The sum of the measured error squared is calculated and stored

in the matrix OUT(l). After initilalizing the subroutine SETTIM
is called in order to keep track of the computation time during
the parameter identification c¢ycle of the program. Next the sub-
routine DY¥N is called. This subroutine carries out the integration
of the equations of motion for the nominal values of the model
parameters. The following results are brought into the PARAM
subroutine; the calculated response stored in the matrix ¥YC, the
error between the calculated and measured response ER = ¥C - YM
and the weighted calculated response YW. After the "call" to
the DYN subroutine is completed the relative error is calculated

in the PARAM subroutine. The relative error is defined as:

=4 (YO -¥M;) 2/3¥ME
iy

Relative errors NS

where all variables have been defined except for NS which

is equal to the number of measured outputs (NS £12). The
difference between the present value of the error is calculated
next. If the present value of the error has increased by more
that 10% of the past value the subroutine ADJUST is called.

In the subroutine ADJUST the parameter values are decreased and
the subroutine DYN is called to cbtain new values for YC, ER and
YW as has been previously described. Following the computation
the subroutine DYDA is called which calculates the matrix (see ref.

1)
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, 3T {t1) ay (t1) eee 3% (E1) ]
| FEV dag, Bay
3 (t2) 37 (t2) cee 39 (t2)
DER(M,N)= | 8a) ' a2 2a,
j 3y (tp) 8 (ty) ) 3y (ty)
where L 3a1 “aas bay |
3y (ty) - {yy - 7}
EEW T day .

Once the matrix DER has been calculated the subroutine COR is
called by the PARAM subroutine., COR calculates the increment
required in the parameters to reduce the error to zero between
the calculated and measured time histories, (ref. 1). The incre?

ment is given in matrix form as

gr = - (DER'DER]' DER'ER

Subroutine COE also establishes the dependency between each of

the parameters, The results of the dependent analysis performed

in COR are printed out after returning to the PARAM subroutine.

The entire above procedure is repeated for the number of iterations

that have been specified. If the error (ER) is less than 1.E-07

before the total number of iterations requested have been completed,
the program terminates the identification process.

Usage

CALL PARAM (N1S, N3S, M1, DMINS, ERRMIN)

The arguments in the call serve the followiﬁg functions:
N1S " total number of parameters that can be estimated {(max 36)

N3S total number of data points (egqual to number of data

points per measurement multiplied by the number of

measurements)
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M1 control variable used for calling the subroutine PARAM.
If M1l=0 the PARAM subroutine is not called; Ml=l1l the
PARAM subroutine is called.

DMINS value at which a parameter is considered irrelevant;
i.e. if the relative change in the output is less than
DMINS=1.0E-07 the parameter is irrelevant. DMINS is set
in the IDENT1 subroutine.

ERRMIN the minimum error the identification algorithm will
stop iterating. ERRMIN=.00]1 was set in the IDENT1
subroutine.

All common statements in this program should not be altered

by the user.

11. ADJUSTSS

Description

This subroutine is called by the PARAM subroutine when the
difference between the present and past value of the error has
not decreased by more than 10%. The increment in the model
parameters are decreased in the subroutine and the time histories
for the model are again calculated. This procedure is continued
until the error test has been satisfied.

Usage

CALL ADJUST

There are no arguments in the calling list of the program. ALl
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the common statements present in the pregram are for passing
variables between the identification programs. The user is not
required to make any changes or additions to this subroutine.

Control from the program is returned to the PARAM subroutine.

12. DYDA

Description

After the time history for the nominal values of the
parameters have been calculated the subroutine DYDA is called.
This subrcoutine calculates the change in the output due to a

change in the parameter and then stores the result in the

matrix B iy
8§ (£,) f (e v ()
sa Ja 2 aaN
A n
g (t,) 3% (t,) ad (t,)
DER(M,N) = |22 1 3a 4 .o da,
A :
39 (£yy) o9ty af(ey)
22 1 %a 2 day. |
89 (tpm) ]
whereaa represents the change in the output at the f; 's
N

time due to a change in the aN‘s parameter.
Usage
CALL DYDA
The user is not required to make any changes or additions
to this subroutine. All commons in DYDA are used entirely
between the identification programs and do not require modification

by the user. The subroutine returns control to the PARAM subroutine.
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13. COR

Description

o e N R T e ST

The subroutine is called by the PARAM subroutine after the ;
derivative matrix DER and the error matrix ER have been calculated. :
The subroutine uses these matrices to obtain the solution of the |
equation

3 = - (DER'SER) ™! DER ER
where da represents a column vector whose elements are the
incremental changes required in the parameters to force the error
ER to zero. The above eguation represents the least squares solu-
tion obtained by minimizing the quantity

(ER+DER d&)2 =0

The other important function the subroutine performance is
determining which parameters of the model can be uniquely iden-

tified from a given set of measurements. A complete description

of the identification technique and the problem of determining %
a unigque set of parameters is discussed in reference 1. In -
particular appendiyx E of reference 1l gives a discussion of the
subroutine COR.

Usage

CALL COR (N1, N3, THR, MODEl)

The program has four parameters in the calling list.

These parameters are:
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N1 number of paéameters of the model 1<4N1<36
N3 total number of output measurements 1<sN3$2400
THR value of the threshold 0<THR<l (THR equal to
zero defines the classical linear dependence
between parameters)
MODE integer controlling the output; may take values
from 0 to 6 ( 0 prints no output, 6 prints out the
full information obtained from COR, between 0
and 5 a partial print out of results are given -
see example).
The remaining variables needed in the program come through the
common $tatements in the COR subroutine. The user is not

required to make changes to this subroutine.

14, TRADUCSS

Description

TRADUC is used to translate logical information into
parameter names in order to ease the reading of the comments
in the COR subroutine.

Usage

CALL TRADUC (FOUND, N1, K)

The user makes no changes to this subroutine. The
subroutine is called only by subroutine COR. The names of
the parameters are given through the COMMON/WRITE/ in the
array WA. The output of the subroutine is found in the

array WR of the COMMON/WRITE/.
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15. ERRORS$S

Description

The ERROR subrontine is called gfter the identification
of the parameters has been performed. The program calculates
the relative error, the correlation, and the autocorrelation
of the error and the variance of the parameters.

Usage

CALL ERROR (N1, N3, M1, V, CORR, RELERR)

The ERROR subroutine is called by the IDENT1 subroutine
after the identification process is completed. The functions

of each variable in the calling list are the following:

N1 number of parameters (supplied to this program)

N3 total number of data points (supplied to this
program)

M1 not used in program

v cost calculated in the subroutine and defined

as V= I (ER)?

CORR the correlation defined as CORR = 1 -

i S

2 2
B{YCryM, ) 2/3, yM?,

NS

RELERR the relative erroxr defined as

- 2 2
RELERR = izgi(yci Yi, ) 2/5, YM2

NS

The user is not required to make changes to this subroutine.
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16. CRUNCHSS

Description

The CRUNCH subroutine is used to write the computed data
¥C on computer disk. Before the data is written on disk, it
is converted to four digit numbers by the scaling factor
SCALE (J) see subroutines OUTPUT and READIN. This is done
to minimize the field length required for each data point
when the data is written on cards. However, if the computed
data (¥C) after scaling is larger than a four digit number
a new scale factor is calculated in the CRUNCH subroutine.
The new scale factor allows the computed data to be written
by a four digit number. The subroutine CRUNCH writes the new
scaling factor for each data channel (maximum of 12) that
is reguired to be rescaled. Once the data has been written
on computer disk, a punched card deck of the data can be
obtained.

Usage

CALL CRUNCH (NTAPE, NRUN, RKSTOP, IDSET)

The user is not required to make changes in the subroutine.

The arguments in the calling list are:

NTAPE not used
NRUN not used
KSTOP code number indicating the last data point

(usually set to 10,000 and specified on the
input data cards - see data set example table

1a)
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IDSET disk number the data will be written on -
specified by the user through the input
data cards -~ see examples 1 ard 2 of text
Common /STATE/ is the only common in this program. The vari-
ables used in subroutine CRUNCH from the common statement
are ND, KSK, KDT, SCALE (12) and ¥C (200,12) which are defined

as:

ND total number of data points

KSK skipping factor for data points

KDT increment between data points

SCALE(12) scaling factor - one for each of the 12
channels

YC(200,12) the matrix containing the computed data
(maximum of 200 points for each of 12

channels) i

17. PLOTINSS ‘
Description ‘
The PLOTIN subroutine plots the computed and measured
data using the on-line printer. This plot is useful forx
visual examination of the computed and measured data. Each
time the subroutine is called it will produce two plots. As
an example, on one axis it can plot the roll moment (measured
and computed) and on the other the pitch moment {measured and

computed) .
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The time or angle corresponding to the plotted data point
is printed on the far right side of the plot. The data
is scaled in order to produce two plots in 101 carriage
spaces of printing paper. At the end of the plot, the scaling
factors reguired té convert the data to engineering units
are given. The fortran names of these scaling factors are
MEAS and .COMP. The largest of these factors for each plot
must be used to convert the plotted data to engineering
units (see example 1 of text)
Usage
CALL PLOTIN (Il, I2, KSKIP)
The arguments in the calling list of the subroutine
carry out the following functions:
Il channel number corresponding to plot number
1l (set in subroutine IDENTL)
I2 channel number corresponding to plot number
2 {set in subroutine IDENTI1)
KSKIP skipping factor for data points (set in
subroutine IDENT])
The two common statements in the program are /STATE/ and
/PLOT/., The variables used in PLOTIN from the common /STATE/
are ND, KSK, KDT, ¥YC{200,12), ¥M(200,12) and from the common
/PLOT/ is SYMB (4).
These variables have the following meaning:
ND ‘ ;total number of data points per channel
(max. 200)
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KSK skipping factor for data

KDT time interval between measured and computed
data points

YC(200,12) matrix of computed data (maximum of 200
points and 12 channels)

YM(200,12) matrix of measured data {(maximum of 200
points and 12 chanﬁels)

SYMR (4} array containing the symbols to be used for
the plot. An option in the input data cards
can supp7ess the calling of the plotting

program if only the printed output is desired.

LIBRARY PROGRAMS

The following three subroutines are library programs
that are called by the programs discussed in the text. The
first two subroutines deal with integrating the equations of
motion while the third subroutine is used to keep track of
the computation time. The user may substitute his own integra-
tion program if the simulation of the model equations requires
such programs. Likewise the computavivun time subroutine is
not essential to the application of the identification programs
and the user can take this program out of the subroutines
or substitute a similar program compatible  with the users
computation facility. Mcre detailed description of these

subroutines can be obtained from reference 3.
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18, AL INTS
Description
AL INTS uses double-precision arithmetic internally. The
purpose of this subroutine is to obtain a numerical solution
of the system of N (N .GE. 1) ordinary first-order differential
equations ¥' = F(x,¥)
where
Y', ¥ and F and n-th order vectors and the prime indicates
differentiation with respect to the independent variable x.
Usage
The subroutine has two entries, on for set-up, one to integrate
over an interval h.

A. Set~Up Entry

When this entry is used, the subroutine does all the

necessary initialization to start integrating a. x = xo0.
It then enters the derivative routine, which is supplied
by the user, to obtain ¥'{xo) and returns control to the
main program. This entry must be used to restart the
integration at any. intermediate point x = XI such as
a point of discontinuity, a point at which the user
wishes to change the interval size h or the parameter
K (which is defined below). In these cases xo is replaced
by XI.

The CALL statement, with normal conventions for integer and

floating~point number designations, is:

133 .
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CALL INTS (T,N,X,EU,P,A,HMAX,HMIN,BETA,DERIV, SNNNN),

where

T

EU

HMAZ

is any
optini
option

is the

array of 12N + 3 cells if Adams-Moulton
is used oxr 4N + 3 cells if Runge~Kutta
is used

number of differential equatiorns

is a code where

K =

X

it

K =

is the

error testing done in the variable step-size mode

0 for Adams—-Moulton variable step-size
mode

1 for Rouge-Kutta mode

2 for Adams-Moulton fixed step-size mode

upper bound of E(n + 1) for truncatation

(EU .GT. 0)

is used to compute the lower bound of E(n + 1)

and, if used, should be P .GT. 0; if P = 0

the routine sets P = 100.90

is a constant used to control interval size

reduction and should be & .GT. 0; if A = ©

the routine sets A = 1.0

is the maximum value of h beyond which the

routine should not increase h {(if HMAX = 0

the routine assumes there is no upper limit

on h)
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HMIN is the minimum value of h below which the
routine should nct decrease h (if HMIN = O
the routine assumes there is no lower limit
on h)

BETA is the number used to increase or decrease
the interval size and must be 0.0 .LE. BETA
+LE. 1;0 (if BETA = 0.0 then the routine sets
BETA = {.5)

DERIV is the name of an subroutine (supplied by
the user) that evaluates the derivatives
and stores them in T(4 + N) through T(4 + 2N
- 1): the name of this subroutiﬁe musgt also
appear on an EXTERNAL card. This subroutine
has no arguments.

S$nnnn is an optional argument which is a statement
number in the user's program, preceded by §,
to which control is transferred when an error
occurs in ﬁhe derivative subroutine. (See

ERROR Return below)

If K = 1 or K = 2 then the quantities EU, P, A, HMAX, HMIN,
and BETA may be specified arbitrarily.
The array contains the following information:

T(2)

%, the independent variable

T{3)

i

h, the value of the interval size
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T{4), T(5), ee.,; T(4+N-1) contain the N values of the ¥ wvector
T(4+N), «..,T(4=2N-1) contain the N values of the Y' vector
which are supplied by the derivative
subroutine (i.e., DERIV)
Prior to the Set-Up entry the user must set T(2) = xo, T(3) = h,
and T(4) through T(4+N-1) to the N values of the initial ¥ vector
The array T should appear in common since it is necessarily
refered to in both thé main program and the subroutine that
evaluates the derivatives. The integration subroutine stores

N, scaled at 35, in T(1).

19. INTM
Description
This program is used to integrate one step (i.e., from x{3)
to x(j+1)). When control is returned to the main program the
solutions ¥ will be located in T(4) through T(4+N-1) and
x(j+l) will be in T(2)., The derivatives ¥' will appear in
T (4+N) through T (4+2N-1).
Usage CALL Statement for this entry is:
CALL INTM
No arguments are required for this statement.

Error Return (optional)

A labeled COMMON statement COMMON/ERINT/IER should be included

in the derivative routine. If an error is detected by the user
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in this subroutine, IER should be set to 2. ALINTS will return
control to the statement number specified in the calling statement.
If this error return is executed, a new set-up entry must be made
before any further integration may take place.

The error return is optional and may be left unuséd if
all the differential equations are well behaved (i.e., contain

no singularities, etc.).

20, SETTIM

Description

The subroutine measure time intervals (in milliseconds)
of up to seven hours. Eight seperate timers may be used per
task, and timing may be done either in task time (CPU time allotted
to the task) or real time (elapsed wall-clock time).

Usage

The program is initialize by the statement

CALL SETTIM (NUMBER, ITYPE)
where NUMBER, and integer, is the timer (from 0 to 7) ITYPE,
and integer, is the timer type (zero for CPU time, nonzero for

real time)

To measure elapsed time since specified timer was initial-
ized use the integer function:
ITIME=INTVAL (NUMBER, ITYPE)
where ITIME is the elapsed time in milliseconds
NUMBER is the timer number (from 0 to 7)

ITYPE is the timer type (must agree with the type specified
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SETTIM for the timer, i.e., zero for CPU time, nonzero

for real time)
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APPENDIX B
COMPUTER PROGRAM LISTINGS

This appendix gives a listing in Fortran of the parameter
identification pfograms. The three library routines that were
discussed in appendix A are not listed here since their appli-
cation willl depend on the users parameter identification problem

and the computational facility availlable to the user.
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HAIN FRUGRAM

REAL NUL,NUZ2,NU,LAU,LAUT,LAM, MU, LILALS,LILB1S,LAMX, LAMY

COMMON/MALINL Y/ T(123),4€¢10,10),C(10,10),EC410),BUC10),BIX,81Y,B81Z,
BRAD,BRADD,BCHORD,BLOSS ,SwEEP ,PEHRRPM, BHINGE,
OMEGA,BLOCK,DELTAZ,BETAK, TWIST,PRECON, ALPHA,
ALPHAG, LILALIS,4IRY, AIRRHO,GYIP,GYID,GPSI0,GYROL;
GYSPED,C2,COLECT,NUL,NU2, TIMEF, ICOUNT,HSI,
IFLOG,JCOUNT

UT 8 s N

CUMMON/DERIVI/BPREC,ALROC,ALROLY ,B2,85,84,8%,86,B7,84,425,427,429,

A47,449,461,465,466,A81,A85,487,A88,4101,4103,
Al109,A1010,GYNEw3,GYEWI,FKZETA,FCDAMP,CD,
CODAMP MU, LaM, P

COMMON/DUTL/ SCALEC(14)

COMMON/SENTIV/BIGB1S,CT, IHINGE

COMMON/OUTNEW/YMR(200,4) , IROT, INEw, ISIML

COMMON/BIAS/ RMBIAS,PMBIAS,RABIAS,PABIAS

COMMON/TINOUTL/PHI,RPHI, THET,RTHET, IREC

COMMUN/INFLOW/PBI0OF  LAMX,LAMY, IFLOW

CUMMON/REVSF/ R2,R3,R4,R5,RH,R7,R8

READ PROGRAM CONTROL LUGIC
READ(S,110) IFLOQ, IHINGE , IROT , INEwW, I8IML,IFLOW, IREC

FOR IFLOQ@= 0 FIXED S/P WOMENT INPUTS AS READ IN BY nUL AND NUZ2

FOR IFLOQ=+{ FORCED S/P ANGLES AND MOMENTS=~LOCKED GYRO MODE

FOR JFLOQ@==1 FORCED §/P MOMENTS ONLY

IREC=0 LOCKED STEADY=STATE GYRO CASE==USED wITH IFLOG=!

IREC=! LOCKED TRANSIENT GYRO CASE USED TOGETHER WITH IFLOG=]

IHINGE= Q0 WO HINGE OFFSET IN SIMULATION

IRINGE= | HINGE OFFSET INCLUDED IN SIMULATION

IRDT= 0 SIMULATION AND IDEMTIFICATION IN ROTATING COURDINATES

IROT= 1| SIMULATION AND IDENTIFICATION In STATIONARY COQRDINATES

INEwz ¢ 27 PARAMETER NEwWP SUBROUTINE

ISIML=0 PROGRAM RUN IN. IDENTIFICATION MODE

ISiML=1 PROGRAM RUN In SIMULATION MUDE

INEWs 1 23 PAKAMETER NEWP SUBROUTINE

INEWSw! USED TOGETHER WITH IFLOG=1 FORCEDQ S5/P ANGLES wITH S/P
MOMENTS READ FROM INPUT DATA CARDS

IFLOWR] INFLOW VALUE READ FROM INPUT DATA CARDS STEARY TERM AND
FIRST HARMONIC

IFL.Ow=0 INFLOwW VALUE CALCULATED IN PROGRAM==STEADY TERM OnLY

READ BLADE CONSTANTS

READ(S5,100) BIX,B1Y,BIZ,BRAD,BCHORD,BLOSS
READ(5,100) SwWEEP,RPM,BHINGE,BLOCK,DELTA3,BETAK,P]

it b b ot "o s kAT
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READ(S,300) TwIST,PRECON,CT,AIRV,AIRRHO,ALPHA,ALPHAS
READ(S,105) LILALS,LILR1S,BIGALS,BIGBLIS,CD,LAM,LANX,LANY

INITIAL CONDITIONS ON BLADE
READ(5,100) BETA!,RBETAL,BETA2,RBETAZ,BETA3, RBETAZ,COLECT

READ GYRD CONSTANTS
READ(5,100) GYIP,GYID,GPSI0,6YROL,GYRFPM,C2
READ({5,100) FKZETA,FCDAMP,{SDAMP,P]IOF

INITIAL CONDITIONS ON GYRO
 READ(5,100) DELT1,RDELT),DELT2,RDELTZ,NUL,NU2
READ(S,105) PHI,RPHI,THET,RTHET ,RMB1AS,PMBIAS,RABIAS,PABIAS

INITIAL CONDITIUNS FOUR INTEGRATION ROUTINE
READ(5,100) PELPSI,REVS,REVO,REVF,TRUNC

SCALE FACTORS FUR PLOTTING FPROGRAM
READ(S,100) (SCALE(I),I=1,14)

100 FORMAT(TEL0,5)

105 FORMAT(BEL10,5)

110 FurRmMAT(TIZ)

WRITE INPUT QUANTITIES
WRITEC(E, 130)

130 FORMAT(1M1,36X,58HTWD DEGREE OF FREEDOM KELICOPTER BLADE AND GYRO
1SIMULATLION//Z)

WRITE(6,132)

132 FORMAT (95X, 21HPROGRAM CONTROL LOGIC)
WRITE(H,134) IFLOG,ININGE,IROT,INEW,ISIML, IFL. 0w, IREC

138 FORMATCASX,7H IFLOG=12,3X,8H IHIKGESIZ2,3X,6R IROT=12,3%,6H INEW=I2
1,7H ISIML=12,7H IFLOW=I2,6H IREC=I2/7)

WRITE(b,140)

140 FORMAT(%8X,16HBLADE PARAMETERS)
WRITE(6,150) BIX,BIY,81Z,BRAD, BCHORD,,BLOSS, SWEEP, RPM,
18HINGE, BLOCK,DELTAZ,BETAK,PL,TH18T,PRECON,CT, 1RV, ALIRRHND,

2ALPHA,ALPHAS,,LILALIS,LILBYS,BIGALIS,BIGHLIS,CO,LAM, LAMY, LLAMY

150 FORMAT(29%,5H BIX=Fs,2, SH BIY=skb,2, HH BIl1Z=F6,.2, 8H RADIUSEF4,},
1 7H CHORD=F4,2, 12H BLADE LOSS=F3,2//19X,
27TH SHEEPSFb6,2, SH RPMaFH,1, - 16H MINGE POSITIONSF4,2,
3 61k LOCK=F6,3, BM DELTA3=SFS,2, 8H K BETA=ELZ,6,40 Pls
4Fb,2//724%, Th TuIsT=Fe.2, 9H PRECOME=F6,3, SH (T=F7.4,
S14H AIR VELOCITY=F7,2,13H AIR UENSITY=F7.6, TH ALPHAzZFD,3,
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6BH ALPHASEFA,3// S5X,12H LITTLE AiS=F6,3, 12H LITTLE B1S=Fb,3,
79 BIG A182F6,3, YH BIG BISSF6,3,4H CD=FYH,3,5H LAM=F8,8,
B6M LAMX=FB.b6, 6H LAMYSFB,6//)
WRITE(O,160)
160 FORMAT(B4X,24HBLADE INITIAL CONODITIONS)
WRITE(G,370) BETAL,RBETAL,8ETAZ,RBETA2,BETAZ, RBETA3,COLELT
170 FORMAT(2X,7H BETAL=F7.3, 12H BETAL RATE=F7,2, 7TH BETA2=EF7.3,
1124 BETA2 RATE=F7,2, TH BETA3=F7,3, l2H BETA3 RATE=F7,2,
2124 COLLECTIVE=FS,1//)

-WRITE(6,180)

180 FORMAT(S8X,19HGYR0O PARAMETERS)
WRITE(H,190) GYIP,GYID,6PSIU,GYROL,GYRPM ,C2,FKZETA,FLDAMP,CSDAMP,
1PSIOF

190 FORMAT(LSX,4M IP2F&,3, 4H 1D5F6,3, 12H GYRO ANGLE=FS,1,
113H GYRO DAMP L=F&,2, 10R GYRO RPMsF7,1, 258 MECHANICAL ADVANTAGE
2 C2=F5,3//10%X, 27HFEATHERING RESTRAINT KZETASFe,2,26H FEATHERING
ADAMPING CZETA=Fo,.2,27H SWASHPLATE DAMPING CS5DAMP=F6,2, 7H PBIOF=F6

3.2/7)
WRITE(6,200) -
200 FORMAT(53X,26HINITIAL CONDITIONS ON GYRD) =35
WwRITE(6,210) DELT1,RDELY1,DELT2,ROELTE,NUL,NU2 :
210 FORMAT(22X,8H DELTA1SF7,3, 13H DELTAL RATE=F8,2, BH DELTA23F7,5, ?%%%
113H DELTAR RATE=FB,2,5H NUi=Fe,2, SH NU2=F6,.2//) 2 B
WRITE(5,21%) PHL,RPRI,THET,RTHET ,RMBIAS,PMBIAS,RABIAS,PABTAS ; Y
215 FORMAT( 2x,5H PHIZFT,3,6H RPHISF8,2,6H THET=F7,3, 7H RTHETSFS,2, A
"y 8H RMBIAS=F8,2, BH PMBIAS=FB,2, 8H RABIASsF6,3, 8H PABIAS=FE,3//) %&
WRITE(b,220) %g{

P20 FORMAT(32X,88MINITIAL CONDITIONS FOR STARTING AND STUPPING THE INT
{EGRATION ROUTINE)
WRITE(H,230) DELPSI,REVS,REVO,REVF, TRUNC

230 FORMAT(32XyBH DELPSI=F5,2, TH REVS=FS5,2, 7TH REVYOD=FS,2,
{ 7Tk REVF=FS5,2, TH TRUNC=EL1D,4//)

ARITE(H,240)
240 FORMAT{U9X,3UMSCALE FACTORS FOR PLOTTING PRUGHAM)
WRITE(6,241)
241 FORMAT(20X,B7HSCALE(L) SCALE(2) SCALE(3) SCALE(a)
1SCALE(Y) SCALE (L) SCALE(7) )
WRITE(H,247) (SCALE(I1),I=1,T)
WRITE(b6,245)
245 FORMAT(20X,BTHSCALE(B) SCALEL9) SCALE(10) SCALE(11)

1SCALECLZ) SCALE(13) SCALE(14))
WRITE(b,247) (SCALE(I),1=8,14)

o
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247 FORMAT(19%,7(1PE10.3,3X3/)

c , : .
€. .  CONVERT ALL ANGLES TD RADIANS
RADIANZ57,29578
SWEEPSSWEER/RADIAN
DELTA3ZSDELTAZ/RADIAN
TWIST=TWIST/RADIAN
PRECONSPRECON/RADIAN
ALPHASALFHA/RADIAN
: ALPHASSALPHAS/RADIAN
; BETAL=BETAL/RADIAN
: ‘ RHETAL=RBETAL/RADIAN
. BETAZ2=BETAZ/RADIAN
RBETA2=RAETA2/RADIAN
BETA3ISBETAZ/RADIAN
REETAS=RBETAS/RADIAN
COLECTRCOLECT/RADIAN
GPSIU=GPSIO/RADIAN
LILAISSLILALIS/RADIAN
LILB1S=LILBIS/RADLIAN
BIGA1S=BIG4'S/RADIAN
BIGB1S=BIGB1S/RADIAN
DELTI=DRELT1/RADIAN
RDELT1=RDELT1I/RADIAN
DELT2=DELT2/RADIAN
RDELT2=RDELT2/RADIAN
. DELPSISDELPSI/RADIAN
PHI=PHI/RADIAN
RPHI=RPHI/RADIAN
THET=STHET/RADIAN
RTHET=RTHET/RADLAN
RABIAS=RABIAS/RADIAN
PABIAS=FABIAS/RADIAN

YT

; OMEGA=6,2851B5%RPM/60,0

¢ c CONVERT AIR VELOCITY TO FT/SEC

; ATRV=1,68781%xAJRV
MUSATRV*COS (ALPHA) / (DMEGARHRAD)

C CONVERT STEP SIZE IN DEG, AND NUMBER OF REV. OF THE RUTUR TO SEL,

c FOR USE IN INTEGRATION ROUTINE
DELTAT=DELPSI/OMEGA
TIMESS REVS#6,283185/0MEGA

3 TIMEQ= REVOxb6,283185/0MEGA

: TIMEF= REVFx&,283185/0MEGA.

' c SET BLADE RADIUS S5U8 ZERD TQ HINGE QFFSET
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SET GYSPED EGQUAL TO RATIO OF ROTOR SPEED 70 GYRD SPEED
.GYSPED=SGYRPM/RPM

CALCULATE INFLOwW
LAUT=LAMBDA/MU
IF (MU (EQ, 0,0) GO TO 265

IF THE INFLOW 18 SPECIFIED FROM INPUT DATA CARDS IFLOw MUST BE 1}
- ~IFCIFLON LER, 1) GO TO 268
ALFLESALPHAS=BIGELS
LAUTSALFC = S*CT/MURRE
250 NUS0S5*CT/ (MUKSORT(14LAUT®%2))
LAURALFC=NU/MY
‘ERR=ABS (1, 0«LAU/LAUT)
IF(ERR ,LT, ,001) GO TO 260
LAUT=LAU '
GO T0 250
260 LAMZLAUXNY
G0 TO 268
265 LAME0,0

WRITE CALCULATED PARAMETEKS

268 WRITE(6,270)

270 FORMAT(1HO,47X,36HPARAMETERS CALULATED FROM INPUT DATA)
WRITE(6,280) OMEGA,GYSPED,MU,LAM

280 FORMAT (42X, TH OMEGASF7,3, 8H GYSPED=Fb,2, 4H MUsFe,3,
18H LAMBDAZFE,6/)
WRITE [6,285) DELTAT,TIMES, TIMEQ, TIMEF

285 FORMAT(31X,84 DELTATSE10.4, 74 TIMES=E10,4, 7H TIMEQ=E1D,.4,
{ 7H TIREF=E10,4)

INITIALIZE THE A AND BU MATRICES
DO 300 I=1,10
DO 300 J=1,10
300 AtIrJJZ‘-‘O-O
DO 340 I1=1,40
340 BU(I)=0,0

SET INITIAL CONDITIONS ON T=BLOCK
T(1)=10,

T(2)=TIMES

T{3)aDELTAT

T(4)=DELTY

%’Wnﬁ 4004 6
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T(S)=RDELT1
T(6)=DELTYR2
T(7)=RDELTR
T(B)=BETAL
T(9)=RBETAL
T(10)=BETA2
T(11)=RBETA2
T(12)=BETA3
T(13)=KBETA3
ICOUNTEL

c CALCULATE CONSTANTS FOR USE IN DEHlVATIVt ROUTINE

OMEGA2EOMEGA*#*2
peesCekx?
GYEGISGYID#1,5%BIX*C22
BIXYZG=(BIX+BIY=BIZ)/GYEQ]
BIZYG=s (BIZ=BIY)/GYERI
BIZXG= (BIZ=BIX)/GYERI
"BIXYZB=(BIX+BIY=BIZ)/BIY
B1ZB =BIZ/BlY
GYNEWL=(GYIP#GYSPED=GYIDI#OMEGAZ/GYERI]
GYNEW2Z(GYIPXGYSPEDm2,04GYID) *OMEGA/GYER]
GYNEW3ZGYID*OMEGAZ/GYEQL
GYNEWUE] ,0*C22wBIZYGHOMEGAR
GYNEWS=(1.5*C22*FKZETAJ/GYEGI
GYNEWB=(1,5%xC22%FCDAMP) /GYER]
GYNEWT=L22%SWEEPABIXYZGWOMEGA
GYNEWBZC2%xSWEEPWBIZYG*OMEGA2
GYNEWSSC2*BIXYZG#0OMEGA
SWASHD=CSDAMP/GYERT
GYROD=42,0%GYIDAGYROL*OMEGA/GYEQRT
GYCOUP= C2*SHEEP*BETAK/GYEUT
BCOUPI=SWEEPROMEGAZ#CE
BCNUP2BIXYZBROMEGANC2
BCOUP3sBETAK/RIY
BCOUPU=BIZBXOMEGAZ
BCOUPSSBIXYZBASWEEP*OMEGA
BPRECSBCOUP3I%RRECON
HCONSTSBIYXSWEEP*C2/6YER]
IF(IMINGE ,EQ@, 0) GO TO 360
HINGOF=41,5%8RADOX0OMEGAR/ (BRAD=BRADO)
GO TO 370

360 HMINGOF=0,0

370 A(1,2) = 1,0
AC2,1)==GYNEWI=GYNENL=TYNEWS

- SPT
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A(2,2)5=GYROD=1,5*GYNEWTnGYNENG=SWASHD
A{2,3)SUMEGA#SHASHD

AC2,4)ImGYNEWR

A252 GYCOUP+2,0%GYNEWB$HCONST*HINGGE
AL2,b)=~GYNEHWT

A275m,5#GYCOUR=GYNEWB=, SKHCONST*HINGOF

A(2,B)S+,S*GYNEWD

A292w,54GYCOUP=GYNEWBw ,SHHCUNST #sHINGOF

A(2,10)5¢ ,BaBYNEWD

A(Z,4) =+1,0

A{U,1)=={IMEGAXSHASHD

A{d,2)= GYNEWZ

A(U,3)=mGYNEW {»GYNEWUdmGYRENY

A, 4)=s=GYROD=1,5%#GYNEWT=GYNEWb=SHASHD

AdT=+ BobTxGYCOUP+1 ,T32xGYNEWB+, 866 T*HUONST«HINGOF

AClU,8)5m, 86 TR YNEND

AU9sw BHOT*GYLCDIUPm] ,7324GYNEWE= BanT«HCONST*MINGOF

A(U,10)=+ B6OTXOBYNENY

Api==RLOUPL

A(6,2)=+BLOUPZ
A(byd4)=+0,0

AbSEwBLOUPI=HCOUP4mHINGOF

Abb==BLOUPS

A(b,e7)=40,0
A(6,8)=40,0
A{E6,9)=+0,0
A(6,10140,0
A(7,8) = 1,0

ABi=+,5+4BLOUP]
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A(B,2)==,5%BCOUPE
AB3z= BH6TXBCOUPY

A(B,4)=+,8667%RCOUPZ
A{8,5)=+0,0
A(Bg&}=*olo

ABT==BCOUP3=BLOUP4=HINGOF
ABB=~BCDUPS

A(8,9)=4+0,0 .
A(B,10)=+0,0
AC9,101=41,0

A101=4,5%BCOUPE
A(1042)==,5%BCOUP2
A103=+,8667*BCOUPI

A{10,4)== BbOTXxBLOUPZ
ACL10,5)=%0,0
A(10,6)=+0,0
AC10,7)=+0,0
A(10,8)2+0,0

A109==BCOUP3»BLOUP4mHINGOF
A{010==BCOUPS

BLOCK3=({BCHORD*CDAIRRHO*BRAD®»y4 ) /B1IX
AIROCI=BLOCKIXBIX%OMEGAZ/ 2,0

ATROC =8LOCKxOMEGAZ/2,0

B2=BLUSS*x*2/2 ,0#BRAD0*%x2/ (2, *BRAD*%2)
B3=BLOSS*%3/3,0=BRADUA*3/(3,%BRADW#3)
BU=BLOSS*xd /4, 0=BRADD**4/ (4, *BRADw*Y)
BS=BLOSS**5 /5, 0=BRADO**S5/ (5, kBRAD**5)
Be20,2500=BRADOwwA/ (4, 0%xBRADRA4)
B720,33%333=BRADO**3/(3,0%BRAD*%3)
BB=0,5000=BRADOX%2/(2,0%xBRAD¥*%2)

CALCULATE BtS FUOR REVERSE FLOUw REGION (DEFINED AS R18)
R2 =(BLOSSx#2emMUxx2)/2,
RY ={BLOSS*w3mMUk*3}/3,



RU S{BLOSSxxdamMixwdl/d,
Rh =(BLOSSx25melxx5)/5,
R =(1,=MUx*4)/4,0

RT  =(1,=MUx%3)/3,0

k8 =(l,=MU=x*x2)/2,0
PSI=0OMEGA®T (2)

HOO0 GK=GK

CALL IDENTY
500 GK=GK

5T0P
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SUBROUTINE NEwP
REAL NU,LAU,LAUT,LAM, MU, LILALIS,LILB1S,LAMX,LANMY

COMMON/PRM/  TDUMY(743,DUMLI(56),P(36),0UN2(BB908)
COMMON/COML/  LO,N1,DUMARY(120)

COMMON/MAINT/ T(123),A(10,10),£(010,10),E(10),8UC10),BIX,BIY,B1Z,
BRAD,BRADO,BCHORD,8L055,SWEEP, PERRPM, BHINGE,
OMEGA,BLOCK,DELTA3,BETAK, TWIST,PRECON,ALPHA,
ALPHAS,LILAL1S,AIRY,AIRRHO,GYIP,GYID,6PS510,GYROL,
GYSPED,C2,COLECT,NUi,NU2, TIMEF,ICOUNT,PST, -
1FLOG, JCOUNT g

COMMON/DERIVL/BPREC,AIRQOC,AIROC1,B2,B3,B4,85,B6,87,88,A25,A27,429,
A47,A49,461,A65,A66,AB1,A83,A87,488,A101,4103,
ALO9,A1010,GYNEW3,GYEQLI ,FRZETA,FLDAMP,LD,
CSDAMP, MU, LAM,F]

COMMON/SENTIV/BIGBLS,CT,IHINGE

CUMMON/QUTNEW/YMR(200,4) ,IROT, INEW,ISIML

COMMON/ INFLOW/PSIOF , LAMX, LAMY, IFLOW

COMMON/REYSF/ RE,)R3,RU,R5,R6,RT,RB

IFCISIML LEQ, 1) RETURN
IF{NLEQ,0) RETURN
GQ TO (ifavsra'5p6577539'10;11;12;1311“,15;16-17;15;19|20y21)er
TWIST=P(21)/57,29578
GYID=P(20)

GYIP=P(19)
GYSPED=P(18)
BIX=P(17)
FCOAMP=P{16)
CSDAMPEP(15)

MU=P(14)

co=P{13)
PRECONSP{3:2)/57,29578
BRADO=P(11)
LAMY=P{10Q)

LAMX=R (9]}

LAMSR(8)

ta2=P(7)

SWEEP=P (6)/57,29578
BLOCK=R(8)

BETAKSRP(4)
COLECT=R{3)/57,29578
BLOSS=R{2)

BIY=FP(1)

i i e



BIZ=BIY+BIX
AIRVEMUXOMEGA®BRAD/COS (ALPHA)

IF (MU JER, 0,0) GO TO 265
GO TO 268

265 LAMS0,0

268 OMEGA2ZOMEGA%N2

IF INERTI1A, BETAK AND LOCK NUMBER ARE TU Bt CALCULATED AS
FUNCTIONS OF HINGE POSITON INEw=Y

IF(INEW ,EQ, 1) GO TO 270

GQ T0 290

oo

270 BIZ=BIY+0,4
BETAKSHIY*XDOMEGAZ* (Plxa2mi 0w} S5«BRADO/ (BRAD=BRADO))
BLOCKS(RCHORDXAIRRHMO®6, 2831 B¥BRAD**4) /BLY
WRITE(6,280) BRADC,BIY.,8IZ,BETAK,BLOCK

280 FORMAT(2X,') BRADO='E12,6,' BIY=SIFe,.2,! BI/='F6,2,! HETAK=1E]Z2,b,
1t BLOCK=1F4,2) -

0st
o

290 CR2zC2xx2
GYEQRIZGYID+] ,SwBIXACR2
BIXYZGS(BIX+BIY=BIZ)/GYER]
BIZYG= (BIZ=BIY)/GYEGI
BIZXG= (BIZwBIX)/GYEGI
BIXYZB= (BIX+BIYmBIZ)/BIY
BIZB =BIZ/B1Y
GYNEWLE(GYIP*GYSPED=GYID)*xOMEGAZ/GYEQI
GYNEWRS (GYIP*GYSPEDm=2,0%GYID)*OMEGA/GYEQRI
GYNEWI=GYIDXOMEGAR/GYEQT
GYNEWAS1,5%C22*BIZYGXOMEGAR L
GYNEWS=(1,5%xC22%FKZETA)/GYERI E%
GYNEWS=(1,5%C22%FCDAMP) /GYEQ]
GYNEWTECR22*SWEEP*BIXYZGROMEGA - '?%
GYNEWB=[2nSWEEP*BIZYGROMEGAZ
GYNEWIZC2%BIXYZG*OMEGA i
SWASHD=LSDAMP/GYEQ] -]
GYRODZ+2,0%GYID*GYROL*OMEGA/GYEGT =
GYCOUP=C2*SWEEP*BETAK/GYEGT &
BCOUP1=SWEEPXOMEGAR#C2 Eg
BCOUPRSBIXYZBROMEGARCR
BCOUP3I=BETAK/BIY
BCOUPY4EBIZBROMEGAR
BLOUPSEBIXYZBASWEEPAUMEGA

e A L e b 1 e - e T TR VR
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360
370

BPREC=BCOUFP3IAPRECON

HCONST=BIYXSWEEPXC2/GYERI

IF(IHINGE (EQ, 0) GD TO 360

HMINGOFS+1 ,SwBRADOXOMEGAZ/ (BRAD=BRADD)
GO TO 370

HINGQF:0.0

A(1,2) = 1,90
A(2,1)=mGYNEWLI=GYNENYwEYNERWD
ACR,2)=mGYROND=] (SHGYNEWTmGYNEWOmSHASHD
AC2:3)=0OMEGA®SWASHD

A(2,08)==GYNEWZ ~

A25= GYCOUP+2,0%xGYNEWB+HCONST&HINGOF
A(2,6)==GYNEWY

A2T7Em ,SaGYCOUFPwGYNEWE~ , SxHCONST *HINGOF
A(2,8)=¢OXGYNEWY

A29=m ,SAEYCOURBYNEWSB= 4L ONSTHHINGUF
ACZ2,10)5+ ,5xBYNEWYT -

ACR,4) =+1,0

A(d,1)s=DMEGAXSHWASHD

A(4,2)= GYNEW2
A(4,3)=wGYNEWImGYNEWS=GYNEWS
A(U,d)EmGYROD] ,BxGYNEWTRGYNEwO=SWASHD

AU7=+ BeOT7TXGYCOURP+L T32%GYNEWB4 ,BobT#HCUNSTRMINGOF

B4, B)Em,B66THGYNEWY

AlU9ze BHbTHGYCOUPw] , 7324GYNEWB= BE6TAHCANSTxHINGOF

ACUy10)=+,866T*GYNEWD
A(S,8) = 1.0

Ab1==BCOUPY

Alb,2)=+8COUR2

AbSEzwBLOUP3=BLOUPd~HINGOF
Abb=xBCQUPYH



AlB,7)=¢0,0
Alé, B)=+0.0
A(6,9)340,0
A(B,10)=40.0
A(7,8) = 1,0

AB1=4,5%BLOUPYL o

c ?Sa
N A(By2)5=,5%xBCOUP2 gggi
AB3=m,B66T*BCOUPY ® 5

B

A(B,d4)=4+,866T*BLOUPR
A(8'5)=*D.0
A(By6)T+0,0

a1 JOV.

ABT==BL0UR3=BLOLP U INGOF
ABB8==BL0OURS

A{B,9)=40,0
ACB,10)=40,0
A(9,10)=+1,0

[ASE

A1Q1=+,5%BCOUPY
ACLO,2)=w S%8C0URE

AjQ03=+,B06TxBCOUPR]

[ o N = B 2

A{10,8)== B606T¥BCLLP2
AC10,5)=40,0
AC10,8)=40,0
ACL10+7)=40,0
ACLO,8)=40,0

AL09==BLOUPI=HECDUP S« INGDF

ALQ10==BCQUPS

BLOCKA=(BCHORU*#CD4ATRRHU*BRAD®*4) /BIX
AIROCI=BLOCKI*BIX*OMEGAZ/2,0

AIROGC=BLOCK*UMEGAZ/2,0

AIRUCZS 2,25%ATROCRKLAMBR (PlxxZm )/ (BLUOCK*BLUSS**2)
H2=BLOSS**x2/2,0mBRADOR*2/ (2, *BRAD%*2)
BIzBLOSS*%3/3,0=BRANDOX*5/ (3, xBRAD*x3)

BUusBLOBS*%x4/4 ,0mBRADU**H/ (4, xBRAD®®4)




25T

B55BLOSS*#5/5,0=BRAD0®#5/ (5, *BRAD**5)
B&20,2500=BRADO%w4L/ (4, 0WBRADH*Y)
B75043333=8RADO%%3/ (3, 0%BRAD3)
BER0,5000mBRADOWN2/ (2, 0%BRAD®2)

CALCULATE B!3 FOR REVERSE FLOW REGION (DEFINED AS RIS)
R2 =(BLOSS*#2=MUx%2)/2,
R3 ={BLOSSx*x3I=MUXX3)/3,
R4 ={BLOSS»*»4=MUnxd4)/4,
RS ={BLOSSxx5mMUr%5)/5,
Ré  =(],=MUx*4)/4,0
RT =(1,=MUx%3)/3,0
RB {1 ,=MUn%2)/2,0

500 GKsGK 2
RETURN
END.
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SUBROUTINE DERIV

REAL MU, NUL,NU2,LAM,LAMX, LAMY

DIMENSION AIRO1(3),AIR02(3),AIRD3I(3I),AIRQ4(I),AIR05(3),AIR06(3),
ASC10),AIRDT(S),AIRDB(3)

COMMON/STATE/ ND,NS, KSK,KDT,NSTP,ISTAT,INIT(12),SCALE(L2),
XINIT(24),Y0¢200,12),YM(200,12),Yw(2400)

COMMON/MAINL/ T(123),A(10,103,C(10,10),E(40)},BU(10),81IX,81Y,B1Z,

BRAD,BRADO,BCHORL,BLOSS,SWEEP,PERRPM, BHINGE,

OMEGA,BLOCK,DELTAS,BETAK, TWIST,PRECON, ALPHA,

ALPHAS,LILALS,AIRV,AIRRHO,GYIP,6YID,GP8I0,GYROL,

GYSPED,C2,COLECT,NUL,NU2, TIMEF,ICOUNT,PSI,

IFLOQ, JCOUNT

COMMON/DERIV1/BPREC,AIROC,AIRDCY,B2,B3,64,85,86,B7,88,A25,427,4A29,

; A4T AU, A61,065,A06,A81,A83,A87,AB8,A101,A103,

AlO?:AlUlO bYNEWBpGYEGI,FKZETA FCDAMP Ch,
CSDAMP, MU, LAM, P}

COMMON/QUTNEW/YMR (200, chIRDT INEW,IGYRO

COMMONZINFLOW/PSIOF,LAMX LAMY, IFLOW

COMMON/REVSF/ R2,K3,RU,RS,R64RT7,R8

PSI=0OMEGA=xT (2)

TEST 1IF FORCED S/P MOMENTS FROM MEASURED DATA ONLY OR FIXED S§/F
MOMENTS UR FORCED S/P ANGLES AND MHOMENTS
IFCIFLOW) 10,30,25

NUI=YM{ICOUNT, 7)*SCALE(T)
NU2=sYM(ICOUNT,B)%SCALE(SB)

60 TO 30

IF(INEN LEQ, =~i) GO TO 27
NUL=YM{ICOUNT,7)=«SCALEC/)
NU2=YM(ICOUNT,8)xSCALE(H)
TCA)2YMR(ICOUNT, 1)

T(6)=YBR{ICOUNT,2)

T¢S)=YWR(ICOUNT,3)

T(7)=YMR(ICOUNT,4)

CALCULATE TIME VvARYING TERMS FOR A AND BU WMATRIX
NBLD = 3
BLTOBL = 2,%3,1431592/NBLD

DO 40 I=i,3
ARG = PSI + BLTOBL*FLOAT(1=1)
(8 = COS(4RL}

ST HDV4 TVNIDTHO0

RIFIVOE HO0E RO
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40

S = SINCARG)

CHECK FOR REVERSE FLUw REGION BETWEEN 225 AnuD 315 DEGREES
IF(SN,LT,=0,7) GO TO 38

AIRDi(I) % ( B4 + MU*BIx(SN+SWEEP%CS))/0MEGA

AIRQZ(II=BY + MUN (2, ¥BIx(SN+SWEEPALS) + MUXBR2ASNX(SN+2,xSWEEPXCS))
AJROA(CT)I=SWEEP*BLU + MUx (BAx(CS+SWEERPXSN) + MUxB2x(CS5x (SN+3wWEEP*CS))
AIROU(I)SHE + MUX(2, xBU* (SN+SWEEP*CS) + HMUNBIxShw (SN2, xSwEEP*CS) )
ALROS(I) = B3 + MUwB2w (SN+SWEEP%(CS)

AIROB(1)=B6 + MUX(2,*B7%(SN+SWEEP*(S) + MU*BB*SN*(SN42  wSWEEP*(S)C

TERMS FUR NONUNIFURM INFLQwWw ARE CALCULATED dY ALROT AnD AIROS
AIRQOT(I)= BAwCS+MUXBIx (CS*SN+SWEEP*CS%LS)

AIRUB(I)= BuUwSNeMUxBIx(SNxSN+IWEEPACE#SN)

GO TO 490

AIRD1CI) = ( R4 + HMU*RIX(SN+SWEEP*CS5))/0MEGA

AIRQE(IYSRE 4+ MUR (2 *HIn(SN+SWEEPRCS) + MUXR2#SN4(SN+2,%SwEEP2(5))
AIROI(IISSWEEP#ARY + MUK (RAX(CS+SWEEP*SN) + MUxR24CSx (SN+SWEEP*CS))
AJROU(I)=RS & MUR(2,wWRUX(SN+SWEEPXCS) + MU*KIxEN* (SN+2, *SWEEP*(CS))
ATROS(I) = R3 & MUwHZ2x (SN+3WEREP#CS)

AIRQO(II=RE & MUX(2,*RT7T*x(SN4+SKEEPXCS) + MUXRBASN*(SN+2,.%SWEEP*CS))

TERMS FOR NONUNIFORM INFLOW ARE CALCULATED BY AIRO7 AND AIRDB
AIRQ7(I)= RAXCSHMUNXRIN(CSASNESWEEPACSXES)

AIRQB(I)=S RUXSN+MUXRIX(SNXSN+SWEEP X[ S®SN)

CONTINUE

DEFINE ELEMENTS OF AwMATRIX

TNOLT TAN(DELTA3)

DUMMY AIRQCI=C2/GYEQ]

A(2,5)2A25+DUMMYRATIRAOGB(L)
A{2,7)=A27% , 504xDUMMY*AIRDO(2)

A(2,9)SAR9= SOXDUMMY*AIROG(3)
ACU,T7)=AUT+, 8067 4DUMMYXATRDG(2})

A(d,9)1=A89= BhaTaDUMMYRATROB(3)
Ale,1)=+C2%xAIR0OCXAIR02(1)+Ab]
A(6,5)==ATROCHC(AIRQ3I(LI=ATIRO2(1)*TNDLTI+ABS
A(b,yb)s=AIROCKAIROLI(1)+466
A(B,1)==,5%C2xAIROC*AIR02(2)+A81
A(8,3)5+,BeeT*C2vATROCXAIRO22) +A83

A(B;7) = =AIROC*(AIRO3(2) = AIRD2(2)ATNDLT) + ABTY
A(B,8)=wA]RDCXAIRDL1(2)+ABB

ACI0,1)2= ,54C2%ATROCXAIRO2(3)+A101

AC10,3)5w Bo6T*C2XAIROCKAIRUD2(3)}+A103

A(10,9)5 =AIROC*#(AIRO3(3) = AIRDZ2(3)*xTNDLT) *» A109

nn



AC10,10)==ATROCKAIRDY (33 4A1010

c
o CONSTRUCT THE AX MATRIX -
90 DU 100 I=1,10 ,
IR XA
DO 100 J=1,10 WA
100 AS(IJ=SAB(II+ACI,J)*T(J+3) %
c CONSTRUCT THE BU MATRIX gpi?
E %
PS156 = P81 + GPSIO ()
CSPS COS(PSIBG) @

Buca) { NUI#SNPST = NU2*(EFSII/GYERT

BUCH)Y = [(+#NULI*CSPS] + NU2#SNPSI)/GYEQI

BU(G)=+AIROC*ATROZ (1 I%COLECT '

1 *AIROCAAIROSC1)*LAMSAIRDC K (LAMX*ATROT (1) +LAMYXAIROEB (1))
2 +AIROCW™ATIROLCLII*TWIST

3 +BPREC

BU{B)=+AIRDC*AIR02(2)*COLECQT

I =
SNPSI = SIN(PSIG)

i +ATROCWAIRQS (R I*LAMMAIRQC*# (L AMXRAIRQT(2)+LAMYRATROB(2))
= 2 +ATHOCKATROU(2I*TWIST
& 3 +HPRES
BUCLO)S+ATIROCHAIRD2(3)*COLECT
1 ¢AIROCHAIROS (I %L AMMATROC* (LAMXRAIROTV (S)+LAMYXATROB(5))
2 +AIROCHAIROA(Z)RTWIST
3 +8PREC '

B0 200 I=1{,10

200 T{I+13)=A8(1)+BUCI)
RETURN
END
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SUBROUTINE QUTPUT
REAL NUl.NUZ

COMMON/STATE/ ND,NS,KSK,KDT,NSTP,ISTAT,INIT(12),3CALE(12),
XINIT(24),YC(200,12),YM(200,12),YW(2400)

COMMON/PRM/ MN(37)#MNS(37),SENSIV(36),P(36),AMIN(36),AMAX (34,
PA(36),ER(2400),DER(2400,34)

!
COMMON/WGHT/ WEIGHT(12)

[ A VI F g

1

COMMON/MAINLZ T(123),4(10,10),C(10,10),E(C10),BUC10),B1X,B1Y,BI1Z,
BRAD,BRADD,BCHORD,BLOSS ,SWEEP, PERRPM, BHINGE,
OMEGA,BLOCK,DELTA3,BETAK, TWIST,PRECON,ALPHA,
ALPHAS,LILA1S,AIRY,AIRRNO,GYIP,GYID,6PS10,GYROL,
GYSPED,C2,COLECTyNUL,NU2, TIMEF,TCOUNT,PSI,

IFLOQ, JCOUNT

COMMON/PRIN/ PS131¢200),SPMRP{200,2},BET1(200),BETR2(200),BET3(200)
(RDELTI(200),RDELT2(200)

COMMON/QUTNEW/YMR(200,4) s IROT INEW, JSIML

COMMON/BIAS/ RMBIAS,PMBIAS,RABIAS,PABIAS

RADIAN=5T,29578
PSI1(ICOUNT)=PSI*RADIAN
CPSI=COS(PSI)
SPSI=SIN{PS])
CPSIO=COS(PSI+GPSIOM)
SPSI0=8IN(PSI+GPSI0)
IF(IROT ,EQ, 1) GO TO 15

CONVERT STATIONARY BIAS TD ROTATING COURDIANTES
RBIASRERMBIASKCPSI+PMBIAS%SPSI

PBIAGRS=RMBIASASPSI+PMBIASXCPS]

RABIARSRABIAS*SPSIO=PABIAS*CPSIQ

PABIARSRABIAS*CPSI0O+PABIAS«SPS10

YC{ICOUNT 1) =(BETAK®(+,8666T#T(10)m,8666T*T(12))+RBIASR)/SCALECL)
YCCICOUNT ,2) 3 (BETAK*(=T(B8)+0,5%T(10)+0,5%T(12))+PEIASR)/SCALE(2)
YCCICOUNT,3)=(T(4)+RABIAR) *RADTAN/SCALE(3)
YCC(ICOUNT,4)=(T(b)+PABIAR) *RADIAN/SCALE (4)

60 TO 20

YC1 SHETAK& (,B666T*T(10) =, Bob6T74T(12))

Yie SBETAK®(=T(B)+0,5000xT(t0)+0,5000%xT(12))
Y3 =T (4)%xRADIAN

YC4 ST(6)*RADIAN

YCCICOUNT,,1)S(YCI*CPSI=YC2#SPSI+RMBIAS) /SCALE(L)
YCCICOUNT , 2)=(YCI*SPSI+YC2xCPSI+PHBIAS)/SCALE(2)
YCCICOUNT,3)=(YC3xSPSID+YCAXCPSIORRABIASHRADIAN)/SCALECS)
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400

YCCICOUNT,8)=(=YC3xCPSIU+YCANSPSI0+PABIASARADIAN)/SCALE(Y)

BETICICOUNTIST(B)*RADIAN
BET2({ICOUNTIST(10)*xRAVDIAN
BETAC(ICOUNT)ST(12)*xRADIAN
RDELTICICOUNTYIST(S)®RADIAN
ROELT2(UICOUNT)I=T(7)I*RADIAN
SPMRPCICOUNT, 1)=NUL
S5PMRP(ILODUNT,2)=Nu2

D0 25 nN=l,NS
JI1=(N= 1) *#ND+ICOUNT
ERCJI)=CYCCICOUNT, M) = YM{ICOUNT N} ) *wEILHT (N)
YW(JI1J=YCCICOURT NYIXRWEIGHT{N)
GR=GK ‘

RETURN

END

BDE 4 36Rdrirtnd Tt Heintali: S e ea i an
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SUBROUTINE PRINTI1
DIMENSION Z(121,22(12)

COMMON/STATEZ NO,NS,KSK,KDT,N3TP,ISTAT,INIT(12),5CALE(12),

1 XINIT(24),YC(200,12),YM(200,12),YW(2400)
COMMON/PRIN/ PSI1(200),8PMRP(200,2),BET1(200),BET2(¢2003,BET3(200)
i yROELT1(200),RDELT2(200)

WRITE({b,601)

601 FURMAT(1MH1,12%,'COMPUTED OUTPUT VALUES!,23X,!'MEASURED VALUES!?,
123X, 'COMPUTED VALUES!'/)

WRITE(6,700)
700 FORMAT(4X,'PSI MBETAX MBETAY ROLL & PRITCH A MBETAX MBETAY
! ROLL A PITCH A SPMR SPMP BETAL BETAZ2 HETA3 RDELTY RDELT
221)

1002 DO 2 J=S1.ND
1003 DO 3 I=1,N3
Z(I) = YC(J,1)*SCALE(I)
3 ZZ(I)=YM(J,I)4SCALE(L)
2 WRITE(6,602) PSIL(J),(ZCL1),I21,N8),(Z22CL),I=1,NS),5PMRP{d,1),
LSPMRP(J,2)BET1(]),BET2(J),BET3(J),RDELT1(J),ROELT2(J)
boz2 FURMAT(J.X;F'?QEJEF‘;-1pEFB.j,EFq.1'2F8a3l2F7|1!3F7_-3raf'7|a3
RETURN
END
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SUBRUUTINE IDENTH
DOUBLE PRECISION TITEL,SUNIT,AUNIT,END,G,DDA,D,GPL,REC,RES,RDK,GST
yGPRySIM, AP, RET
DIMENSION NVAR(S&)

COMMON/COML/ N3,N1,V,CORR,RELERR,ERM,SUNIT(12),TITEL(LIO),
AUNIT(36)

COMMON/STATE/ ND,NS,KSK,KDT,NSTP,ISTAT,INIT(12),8CALEC(1Z),
XINIT{24),YC(200,12),YM(200,12),Yw(2400)

CUMMON/PRM/ MNCEIT)aMNS{EY) ,SENSIV(36),A(36) ,AMIN(36),AMAX(36)
JDAC36),ER(2400),DER(2400,36)

COMMON/WGHT/ wEIGHT(12) .

COMMON/IDENT/ KSWTCH, ITPL,IPLOT],IPLOTZ,I8KIP, ITMAX, THR,MCOR,ICOR

COMMON/NVYRT/ D(36),DDA(36),6(36,30)

COMMON/PLOT/ SYMB(4}

COMMON/PAKRSUB/INMT(S),REC4),PCT(36),HALT

COMMON/MAINLY/ T(123),04(230),0MEGA,D2(20),IC0UNT,P,I02(2)

DATA END,GPL,RSC,RES/*wxaxixkx! , 1%G0 PLUT!, " *xRESCOR!, '*xxRESAMP Y/,
RDW/T*xREADWGH' /,G8T/ %G00 STOR'/,GPR/ V%GO PRIN!/,SIM/1&S5IMULAT! S

2y AMP,RET/T*%DUTPLT?, "*RETURN '/, TEN/Y1Y/

LOGICAL %1 HALT

STORE INITIAL CONDITIONS IN MATRIX XINIT(J)
ISTAT=T(1)

DO 4 J=1,18TAT

XINIT(J) = T(J+3)

FORMAST . ;048)
FURMATC(///,2%,1048)
KRUN = 0

INITIAL SETTING OF %VARIATION FOR EACH QF THE 36 PARAMETERS
DO 997 I=],36
PCTC(I) = 0,01

INITIALIZING OF WEIGHTS FOR ALL 12 MEASUREMENTS
DO 994 1=1,12
WEIGHT(I)} = 1,

SET MINIMJM ERROR AT wHICH ALGORITHM WILL STOP ITERATING
ERM = 00,0001

SET MINIMUM VALUE AT WHICH PARAMETRS wILL BE CONSIDERED IRRELEVANT

A i A DS b 5 e £ <8 It T T e+ e
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an an [N e

oo

212
213

243

570

701

43

10
500

DMIN = 1,E=07

START CLOCK TOD KEEF TRACK (F COMPUTATION TIME
CALL SETTIHCO,0)

y=0,

KRUN = KRUN ¢ |

CALL INQGUT TO READ AND wRITE MODEL PARAMETERS AND MEASURED DATA

LALL INCQUTCL)

IFCTITEL(1) EQ.RET) RETURN

CALCULATE AUTOCURRELATION wREN READPLOT OPTION 15 USED
IF(V!Emo'ln) CALL ERRGR(O,NS'OlleDHR;RELERR]
IFC(TITELC(10),,EQ,8IM) GO TO 212

IDENTIFY PARAMETERS

Mi = |
CAll, FARAM{NL NI, ML, DMIN ERM)
IF(M1,EG,0) GO0 Tu 212

CALCULATE RELATIVE ERROR, CORRELATION AND AUTDCORRELATION
CALL ERROR{NI,N3,M1,V,CORR,RELERR)

CalL INOQUT TQ QUTPFUT FINAL REBULTS QF IDENTIFICATION
CALL INOQUTC(Z2)

READ THE OPTION CARDS

READ(S,100) TITEL

WRITE (A, 143) TITEL

IFCTITELC(L) ,EQ,GPR) CALL PRINT]
IFCTITELC(L),NE,GST) GO TO 43

STORE DATA On DISK
READ(5,570) IDSET,ID%,IRUN
FORMAT (4X,I2,2X,12,12)
WRITEC6,701) IDSET
FORMAT(/! THE DATA wILL BE STORED ON UNIT!,I2)
CALL CRUNCH(IDY,IRUN,10000,IDSET)

IF(TITEL(1)EQ.GPL) GO TO 10
IFCTITELC1) JNELEND) GO TO 212

GO TO 99

READ(5,500) TITEL(L1),MULT,NVAR,ND},I8K]1
FORMAT(AB,A),11,T7I5)

TECMULTLEQ, TEN) NVAR(1) = NVAR({1) + 10

T et g B Bt SR A, e 2T
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IF (NVAR(1) .EQ, 0) GO TQ 213
WRITE(&,143) TITEL
NDS = ND

PLOT ANYONE OF THE FOLLOWING DPTIONS? COMPUTED AND MEASURED VALLUES
RESIOUAL AMPLITUDE OF THE OQUTPUTS OR THE RESIDUAL AUTO=CORRELATION
FUNCTION OF THE QUTPUTS
1001 DD 1 l=1,6,2
IF(NVAR{I)EQ,0) Go TO 1
L = NVAR(I)
K = NYAR(I + 13
IF(TITEL (1) NELRES) GO TO 2002

iy ExEnR el

. 1003 DO 3 J=s1.ND

YCCJpK) 2 YO(J L) = YM(J,L)
3 YM({J,K) g,
GO TQ 202
2002 IF(TITELC(L) NE,,RSE) GO TO 201
1002 DO 2 Js1,ND '
J1 = J + (L=1)%NDS
YOCJaK) = YW(JL)
2 YM(J,K) = 0,
. Go TO 20¢
201 IF(TEITELCL) NEJAMPY 0 TO 253
202 15K = ¢
IFCISKY NE D) 15K = ISK1
IF(NDL,NE, D) N = ND1
CALL PLOTIMNCL.K,ISK)
i CONTINUE

ND = NDS
GO TQ 10
29 TIME = INTVAL(0,0)/1000,
WRITE(6,600) KRUN,TIME
500 FURMAT(//' »«x»END OF IDENTIFICATION RUN MUMBER!,12,' , TOTAL COMPUY
1TATION TIME!,Fa,2,! SEC, #*x1)
60 TG 1000
END
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143
100
699

9001
9002

SUBROUTINE INOQUT(JJ)

DOUBLE PRECISION TITEL,SUNIT,AUNIT,END,u,DDA,D,CODE,RET,RPL,RELVAR
1 ,RDW

DIMENSION CODEC(S),SKIP(S)

COMMON/STATE/ ND,NS,KSK, KDT NSTF,ISTAT,INIT(12),5CALE(L12),

i XINIT(24),YC(200,12),YM(200,82),YW{2400)
COMUMON/PRM/ MN{37)yMNS(ST),)SENSIV(36),A(36),AMIN(3A),AMAX(30]),
1 DAC36),ER(2400),DER(2400, 386)

COMMON/COMEZ N3 N1,V ,CORR,RELERR,;ERM, SUNIT(12),TITEL (10},

| AUNIT(36)

COMMON/IDENT/ KSWTCH,ITPL,IPLQTL,IPLOT2,ISKIP,I1TMAX, THR,MCOR, ICOR
COMMON/PARSUB/NIDYDA,NIOYDA, IDUM(ZY ,OUMI3),OMIN,PCT(36) HALT
COMMON/NYRT/ D(36),0DA(36),6(36,36)

COMMON/WRITE/ WR(36),WA(36)

COMMON/WGHT/ WEIGHT{12)

COMMODN/PLOT/ SYMB(4)

COMMON/MATINA/ T(123),01(230),0MEGA,D2(12),GPSI0,D3(7),ICOUNT,P,
1 IFLOQ,JCOUNT
COMMUN/QUTNEW/YMR(200,4),IR0OT,INEW,IGYRQ
COMMON/INGUT1/PHI,RPRI,THET,RTHET, IREC

DATA ENDpRPpCTINUt,SLH/’********'p'J'p'C';‘/'/,ICOD&/'DSET‘/.
1CODE/VASTIMULATY, Y aRERUN !, ' ANEWDATAY , VwCOUNTINUY, Y %SENSITIV/,
1 RET,RPL/VARETURN 1,1 xREADPLO!'/,RELVAR/ ' *RELVAR 1/,RDW/ I *xnEIGHTS!/

LOGICAL =1 SKIP,HALT

ISTAT=T(1)

Jds2 AFTER IDENTIFICATION HAS BEEN COMPLETED
IF(JJ.EQ,.2) GO TG 208
FORMAT(31X,10A8)

FORMAT(10A8)

FORMAT(1X,1048)

PO 9001 I=1,5

SKIP(1) = ,FALSE,

READ(5,100) TITEL

WRITE(6,699) TITEL
IFCTITEL(1),EQ,CODEC(Y) ) RETURN
IF(TITEL(1),ER,RET) RETURN
IF(TITEL (L) NELRPL) GO TO 9004
SKIP(B) = ,TRUE,

SKIP(2) = ,TRUE,

SKIP(3) = ,TRUE,



SKIP(4) = ,TRUE,
G0 T0 9002
9004 DO 9003 I=1,5
IFCTITEL (1) (NE,CODECT) ) GD TO 9003
SKIP(I) = ,TRUE,

GO TO 9002
9003 CONTINUE
IF(BKIP(5)) SKIP(1) = ,TRUE,
1F(8KIR(2)) G0 T0 1§
IF{SKIP(3)) G0 TO 151

P9I

I READ(5,101) N1,ND,NS; KSK,NSTP,KSTOP,LIST,INIT,ISTART,
I SYMB,XKSWTCH, ITPL,IPLAOTI,1PLDT2,I5K1IP, ITMAX,WwGF, TRR,MCOR, ICOR
101 FORMAT(7I5,1211,13/4A),1%,615,5%,2F10,5,10%,215}
€C N1 IS THE NUMBER OF PARAMETERS TQ BE ESTIMATED
Ng = Nl + 1
MN(NZ2) = 1
ND IS THE NUMBER OF POINTS OF THE TIME HISTORY wkWICH ARE USED
NS IS5 THE NUMBER OF vakIaBLES wHICH wERE MEASURED
KSK I8 THE SKIPPING FACTOR
MNS WILL DETERMINE wHICH PARAMETERS wILL BE ESTIMATED (NOT EST IF Q)
MMS (N2) IS THE INDEX OF THE PARAMETER STARTING THE DEPENDENCE ANALYSIS (COR)
NDD = ND
e READ(S,102) MNS,MNE(NZ)
102 FORMAT(3711,2X%,12)
IF(SKIF(3}) GO T0 151
IF(SKIP(2) ) GO TO 7
L READ THE VALUE OF THE PARAMETERS (4), AND THEIR LIMITS (AMIN ,AMAX)
1003 DO 3 I1=1,31,6 '

[sleNeleNy

I2 = 11 + 5
READ(5,503) (AC1),I=11,12),CND
IF({CND NE,CTINUE) GO 70 30
3 CONTINUE
30 JFC12,LTeN1) G0 TO &0

READ(5,530) (amMIN(I),I=1,12)
READ(S,530) (AMAX(I),I=1,12)
DO 930 1=1,N1
SENSIV(I) = 0,
JFCAMINCII.EG,O,) AMIN(I} = =1,E+50
930. IFCAMAX(I) EB,0,) AMAX(I) = f.E S0
READ(S,531) (wa(l),I=t,N1)
503 FORMAT(GELQ,3,4X%,4%)
530 FORMAT(®ELD,3)
531 FORMAT(12(A8,1X) )
5 READ(S5,505) (SCALE(IV,1=21,6),CND, (SuUnIT(I),i=1,6)
505 FORMAT(BEL10,3,4X,A1/648)
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5508
508

151

799

810

812

ai3

IF(CNDLEQCTINUEIREAD(S,505) (SCALECI),I=7,12),Jd,(SUNIT(I),1=7,12)
PO 6 NG2 = 1,11

IFCSCALE(NS2+1),EQ.D,) GO TO 5504

CONTINUE

READ{S,508) (AUNIT(I)},I=1,N1)

FORMAT(1048)

READ THE DATA CARDS ,(THE FIRST 0DATA CARD INDICATES ON wHICH UNIT THE DATA
18 r0 BE READ, IT MUST CONTAINDS, STARTING IN COLUmN 1 ¢ DSETNN , wHERE NN

IS AN INTEGER DEFINING THE DATA SET,(05 IS DATA CARDS,07 MIGHT INDICATE A

DISK), IF THI§& CARD DOES NOT APPEAR,THE DEFAULT IS 05 )

MISFIT = MAXQ(1,I8TART)

IF(SKIP(3)) ND = NDO

Call, READIN(KSTOLP,LIST,MISFIT)

KDT IS5 THE ANGLE INMCREMENTY IN MILLIDEGREES
ODPSI = KDT/1000,
BT = OPFSI/(57,29578x0MEGA)

FOR FQRCED S/P ANGLES IFLOQ=1 STORE 5/P ROLL ANGLE In YMRrR(I,1)
AND §/F PITCH ANGLE I YMR(I,2) IN ORDER NOT TO INTERFERE WITH
¥Y¥ IN THE QUTPUT SUBROQUTINE

IFCIFLOG LEG, 1) GO TOQ 799

GD TH B20 ,

IF(IREC LEQ, 1) GO TO B12

KKK=0

DO 810 i=i,nD

PSI=OMEGAADT*FLOAT(KKK)%*KS5K

KKKSKKK ]

CPRSIO=SCOS{PSI+GPSIN)

SPSIN=SIN(PSI+GPIID)

YMR(I,12sYM(I,3)%SCALE(3)/57,29578
YMREL,2)2YM{I,4)2SCALE(4)/57,29578

YMR{I,3)=UMEGA* (PHI®CPSIO+THET*SPSI0)

YMR(I,4)SOMEGA#* (=FPHIXSPSIO+THETACPSIO)

GO TO 820

GYRO DERIVATIVE CALCULATION FOR TRANSIONT LOCRED GYRD CASE
DELI=SOMEGAXDTAKSK

DEL2=2,*DELY

DEL3=3,*DEL1

DO 813 I=1,ND

YMR(L,t)=YM(I1,3)»S5CALEC3)/57.29578
YMR(I,2)SYM{I,4)*SCALE(4)/57,289578

NDDD=ENDw3

Pt A
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D0 815 I=1,NDDD
YMR{I,3)==OMEGA%((YMR(I, 1) mYMRCI+L,1))/DELL+{YMR(I,1)=YMR(L42,1))/
10ELA+{YMR(I,1)=YMR(I+3,1))/DEL3)/3,0

815 YMR(I,d4)=mOMEGAX{(YMR(I 2)=YMR(I+1,2))/PELL+({YMR(I,2)=YMR(I+2,2))}/
IDELE+(YMR(I,2)=YMR(I+%,2))/DEL3)/3,0
YMR{(ND=2, %) ==u0OMEGAX { (YMR(NDm2,1)wYMR{ND=],1))/DELI1+(YMR{ND=2Z2,1)
I=YMR(ND,1))/DEL2) /2,0
YMR(NDwZ2,4)2=(OMEGAX ((YMR(ND=2,2)=YMR(ND=1,2))/DELL1+ (YMR({ND=2,2)
1=YHR{ND,2))/DELE2) /2,0 _
YMR(ND=],3)=nOMEGAX(YMR{(ND~], 1 }=YMR(ND,1))/DEL]
YMR(ND=],dizeOMEGAX (YMR(NDmY ,2)mYMR(ND,2)}/DELS
YMRIND,3)SYMR(ND=™1,3)
YMR{ND4)=SYMR(ND=1,4)

820 IF(IROT LEQ, 1) GQ TO 822
GG TO 830

C CONYERT MEASUREMENTS TO STATIONARY COORDINATES IF JROT={
B22 DPSI=KDT/1000, .
PT=DPS1/(57,29578%0MEGA)
KKK=0
D0 825 JRUT=§,ND
PSISOMEGA®DT#FLOAT (KKK} *KSK
KKEKSKKK+]
CRSIO=COS(PSI+GPSIO)
SPSIO=SIN(PSI+GFSIO)
CPSI=COS(PSI)
SPSISSINTPFS])
YMIsYM(JROT, 1)*SCALE(L)
YM2sYM(JROT,2)*8CALE(2)
YMISYM(JROT,,3)%SCALE(3)
YMA=YM(JROAT ,4)%«5CALEC(Y) :
YMCJROT, 1) (YMIKCPSTImYM2xS5PSTI/5CALE(L)
YH{JROT,,2)2(YMIxSPSIHYM2R(PST)1/SCALE(2)
YM(JROT,3)=(YMI*SPSIV+YMUxCPST0}/SCALE(S3)
825 YM(JROT,U)=(mYMIXCPRSIO+YMURSPSIO)/SCALE(Y)
B30 IF(MISFIT,.06T.0) STOP 2

IF(SKIP(4)) GO TO 42
IF(SKIP(2)} GQ TQ 7
IF(SKIP(3)) GO T0 510¢

C N3 IS THE TOTAL NUMBER OF DATA POINTS
7 N3 = ND¥NS
NOMAX = 199
ND = MINO(ND,NDMAX)
WRITE(6,307) TITEL,N1,NS,ND,N3,KSK,0T,NSTP
107 FORMAT(111,30x%x,1048 /1t 1, 20X,80( =13/ 7 ), 14, PARAMETERS?,

i e e ST ¥ 13
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707
607

608
40
5100

551
5555
& 5050
-}
550

50

640
140
240
340
807

b650
650

651

bbQ.

42

i TX,p12,1 QUTRUTS'// v, T4,Y MEASURED YALUES PER
10UTPUT (tyId,! MEASUREMENTS), 'yl4," WAS THE SKIPPING FACTO
1R USED V¥ TIME INTERVAL BETWEEN MEASUREMENTS!,FB,.4,!
1SEC,',6X,16,' STEPS OF INTEGRATION IN EACH INTERVAL!/}
WRITE(H,T0T) DPSI

FORMAT (! ANGLE INCREMENT BETWEEN MEASUREMENTS!,Ri0.,2,! DEGI//)
WRITE(O,,607) (XINIT(I),I=i,ISTAT)

FORMAT(! INITIAL CONDITIONSI/1X,1P12E11,3)

NS2z=N§Z2+1

WRITE(H, 608} (SCALECI),SUNITC(I),SLH,I=1,N82)

FORMAT (/' SCALING FACTORS FOR DATA UNITSV/Y iDTU=!',6(1PE11,3,4A8,1X
iyal) )

WRITE(b,640) (I1,RP,WA(I),I=1,N1)

WRITE(®,140) (ACI},I1=1,N1)

READ(S,100) TITEL

IFCTITEL(L) NELRELVAR) GO TO 5050

READ{5,55%1) (PCT(I),I=1,n1)

FORMAT(6EL0,3)

DO 5355 I=],N}

TF(PCT(1),E@,0,4) PCTCI) = 0,01
GO TQ 5100

IF(TITELC1),NE,ROW) GO TO 50

READ(S,5%0) (WEIGHT(I),I={,NS),ERM,DMIN

FORMAT(BE10,3)

GO TO 5100
1P (SKIP(5)) GO TO 6b50
1F(SKIP(1)) GO Ta 42

WRITE(G,240) (AMIN(I},I=1,N1)

WRITE(6,380) CAMAX(I) I=1,N1)

WRITE(H,B07)ITHAX, THR

FORMAT(/V PARAMETERS NAMESt/(1X,12(3X,12,41,1%X,44)/))

FORMAT(/) INITIAL VALUES OF THE PARAMETERS'/(' ',1P12E11,3/) )

FORMAT (' LOWER BOUNDS'/(1X,1P12E11,3/7) )

FORMAT (' UPPER BOUNDS!/(1X,1PL2E11,37) ) ]

FORMAT( /! THE IDENTIFICATION PROCEDURE WILL USE A sMAXIMUM QOF U,
113,! ITERATIONS AND A SEPARATION THRESHOLD EQUAL TO!',E®,2)
HRITE(b,650) (wkIGRT(L),I=1,NS)

FORMAT(/!' %x*xTHE FOLLOWING AEIGHTS ARE USEDxxx!/6X,6(1FEL11.3,10x))
WRITE(&,551) ERM,DMIN

FORMAT (! ERRMIN = 1,1PE10,3%,' DMIN = 1,E10,3)

WRITE{b,H660) (PCT(I),I=1,N1)

FORMAT(/! INITIAL PARAMETER INCREMENTS FOR GRADIENT EVALUATION'/
11X, 1P12ELL,30)

TF(TITELCL) L EQ,END) GO TO 43

READ(5,100) TITEL
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WRITE(6,143) TITEL

GO TO 42

43 IF{SKIP{4)) GO TO &4
IF(SKIP(5)) G0 TO 162
IF(SKIP(1)) 50 TO &2

RETURN
208 CONTINUE
8 WRITE(6,108)V,CORR,RELERR,
10T WACI) P ACI),DACT) pAUNIT(I) ,SENSIV(I)MNCI),MNS(1),121,N1)

108 FORMAT(YLV,10%,'FINAL RESULTS OF THIS IDENTIFICATION! /11X, 56(=1)/
IV FLIT TEST xx COST =1,E12,4,10X,'CORRELATION =',FB,5/9X,
JIRELATIVE ERRUR =!',F8,4//

4! ESTIMATED VALUES OF THE PARAMETERS!'/61X, 'DEPENDENCY INDEX!/4X,
At NAMED,B5X,tEST,VALUE?,3X,
SYERROR BOUNDS UNITST, 59X, 'SENSITIVITY!,3X,! FINAL InNITIAL'/
BlIU,IX, A4, =1 ,iPEL12,d,! 4/~ VoEB, 11X, AB OPFIU5,6X,11,7X,11) )
RETURN -
60 READ(S%,100) TITEL
wRITE(H,b90) I2,N1,TITEL

690 FUORMAT(//' »%xx%xSUB,INQUT MESSAGE, 444 ONLY !, I3, VALUES WERE FOUND
1 IN THE DATA CARDS FOR THE!',I13,! PARAMETERSY//Y THE NEXT CARD CUNY
2AINS oo 121048/ %RUN TERMINATED!)

STOP
62 READ(5,562) I1,ID8ET,NTARE,NRUN
He2 FORMAT(AL4,I2,2X,12,12)
IF({I.NE,ICODE) GO 10 63
162 KT = |
CALL DYN{NL,KT,0)
J1 = 0
1066 DO &6 I=1,NS
DO 66 J=1,ND
J1 = J1 + 1
ER(J1) = 0,
66 YM(J,I) = YC(J,ID
IF(3SKIP(5}) G0 TO 69
CALL CRUNCH(NTAPE,NRUN,$10000,1DSET)
WRITE(6,682) NTAPE,NRUN, TUSET
662 FORMAT(/! SIMULATED RUN 1,212.' COMPLETED AnND STORED OW UNIT ',12)
&5 TITEL(10) = Cubk{l)
RETURN
62 NJ = 0
1067 DO 67 I=1,N5
SCALE(I) = |,
DO &7 Jei,ND
NI = N3 ¥ 1

-

P —



691

67

63
663

&9

ER(NI) = YM(J, 1)

YC(J B = YHU,1)
Vawl,

50 TO 65
WRITE(6,663) I

FORMAT (' WRONG CODE 1tt,Ag,'t1, DSET UNDEFINEDR, RUN NOTY STOREDR?)
TITEL(Y) = RET
RETURN
NiDYDA -2 NI
N3DYDA = N3
CALL DYDA
ICOR = ITHAX % |
RETURN
END
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SUBROUTINE DYN(ML, KT, KMIX)
EXTERNAL DERIV
REAL NU1pNU2

COMMON/STATE/ MDD, NS, KSK,KDT NSTP,ISTAT,INIT(32),5CALE(12),
1 XINIT(24),YC(200,12),YM(200,12),Yw(2400)

CUMMON/ZMAINL/ T(123),01(230),UMEGA,D2C17),NUL, Ny, TIMEF,ICOUNT,
i PST,IFLOQ,JCOUNT
COMMONZOUTNEW/YMR (200,43, IR0OT,INEW,16GYRO

CALL NEwWP

RESET THME INITIAL CONDITIONMS
1001 DO 3 J=1,ISTAT
t T(J+3) = XINIT(J)
ICOUNT=]
IF(IFLOQY 4,5,8
4 NUI=YM(ICOUNT,7)XSCALECT)
NU2=YM(JCOUNT,8)%x5CALE(B)

G0 70 5
8 T(4)=YMRCICOUNT, 1) A
T(6)=YMRCICOUNT,2) %
T(SI=YMR(ICOUNT,3) @
T TC7)Y=SYMRCICOUNT,4) ;

IF(INEw LEQ, =1) &GO TO S
NUL=YM(ICOUNT, 7)=SCALE(T)
NUZSYM{ICOUNT, 8)*%SCALE(8)

KDT HAS BEEN SUBSTITUED FOR KuPS!
5 DI=KDT/(57295,T8*DMEGA)
NSK & NSTP#*KSK
T(2) = (KT=1)*DT
T{3) = DT/NSTP
PSISOMEGAXT(2)
in GREGK
CALL INTS{T,I8TAT,1,040150.+0490,0,0,,DERIV)
PSI=OMEGA%T(2)
1002 D0 2.151,MD
KT=KT+}
ICOUNT=S]
IFCIFLOW) 40,45,30

FORCED S/P ANGLES AND HOMENTS




41

aon

30

40

45
2002

T(4)=YMR(ICOUNT, 1)
T(6)ZYMR(ICOUNT,2)
T(5)=YMR (ICOUNT,3)
T(TIZYMRCICOUNT, 4)
IFCINEW ,EQ, =%) GO TO 4%
MULSYMOICOUNT, TIRSCALE(TY
NUZsYM{ICOUNT ,B)xSCALE(B)
60 TO 45

FORCED B5/P MUMENTS ONLY
NUL=YMUICOUNT,T)*SCALE(T)
NUEsYM(ICOUNT,B8)=8CALE(B)

CaLL OQUTPUT
GK=GK

DO 2 J=1,N8K
CALL INTHM
PSI=OMEGA*T(2)
CONTINUE
RETURN

END

e W
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SUBRQUTINE READIN(KSTOP,LIST,MISFIT)
DIMENSION KREAD(14),I0CHANCIY)

COMMON/STATE/ND NS, KSK, KT, NSTP,ISTAaT,INIT(12),8CALE{12),XINIT(24)STATE
1,YC(200,12),YMC200,12),YwW{2400) STATE

DATA DSET,RUN,DATA,CNTINU,END/'DSET!,TRUN ', IDATAl  FTakxwl , TEND P/
LOGICAL *1 START

START = ",FALEH,

ISTART = MISFIT

MISFIT = 0

NCHAN = 0

NMAX = 200

LMY & NMAX

LAST = NMAX

NREF = 0 éifs
READ (5,500, ERR=T) CODE,NVAR,NCARD,KKEAD ‘ ?%%

FORMAT (AU, 12, 1%, 12, 1%, 1415) !
IF (CODE NE,DSET) GO0 10 7
IDSET = NVAR
60 70 10
LMX = MINOGC(LMX,LAST)
IDEND = |
IF(LIST,EQ, O ) G0 TO 10
WRITE(6,101) NVAR,MCARD,KREAD,LMX
FORMAT (iX, 12, %1 ,12,'w!,14(15,2X),3X,14)

READ(IDSET,110,ERR=60) CODE,NVAR,NCARD,KREAD
FORMAT (AL,12,1X,12,1X,1415)

1F (CODE,EQ.END ) G0 TO S0
IK(CODE,EQ.RUN ) GO TO 30

IF{NQT  START) GO TO 40

IF{CODE.EQ CNTINU) GO TO 20

IFCCUDE (NE,DATA) GO TO 69
IF(NCHAN,GE,12) GO TO 50

NCHAN = NCHAN # 1
IDCHANCNCHAN) = NVAR

LMX = MINOCLMX,LAST)

IDEND = 0

LAST = 0

K = KSK

NREF = 0

IST1 = ISTART=((ISTART={)/1d) %14
KINIT = IHITO(NVAR)®KREAD(ISTY)
IF(IDEND,ER,1) GO TO 1
NMREF = NREF # 1
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IF (NCARD ¢ NE  NREF) wd TO 40
1002 DO 2 J=1,14

IF(J4(NREF=1)w}d, LLT,ISTART) Ho TO 2
IF(KREAD(J) dEUKSTOP OR,LAST,GE,ND) Gu 70 201
K = K + 1

IFC(K ,LTs KSK) GO TO 2

LAST = LAST + 1
YM(LAST,,NCHAN) = KREADCJ) = KINIT
K =0
2 CONTINUE )
GO TQ 1
30 WRITE(6,130) LIST,NVAR,NCARD
130 FURMAT(IL,? DATA CARDS LISTINGhk%*xxwRUn NUMBER!13,!=1,12)
KDT = KREAD(?)
0T = KPT/1000,
START = ,THUE,
GO TO 10
40 MISFIT =
5 WRITE(b,105) NREF,NVAR
105 FORMAT(//!' »**xERROK IN DATA CARDS ODRDER, CARD NUMBER',I3,' MISSING
1 IN VARIABLE',12,!' DATA SET'//' *END OF THE RUN #x#l)
bl READ(H,161) CUDE
161 FORMAT(A4L)
IF(CODENE.END) GD TQ 61
RETURN
60 MISFIT = 2
READ(S,5460) (Yw(ll,I=1,20)
560 FORMAT(2044)
WwRITE(6,600) CODE,(YW(1),I=1,20)
660 FURMAT (! ERRONEOUS CUDE 11 1,44, 11/ NEXT CARD CONTAINS 1,2044)
RETURN
50 LMX = MINQ(LMX,LAST)
ND = MINO(ND,LMX)
KuTS = KDT*KSK
WRITE(&,600) KDTS,KSK,ND,NCHAN, (IDCHAN(I)},I=1,NCHAN]
600 FORMAT(! X AXIS INCREMENT wuTs=1,l6,! SKIP=',13,18,' POINTS FER CHA
INNELY /Y THEY I3, FOLLOWING CHANNELS WERE READ 31,14(12,',1))
RETURN
7 IDSET = 5
WRITE(6,607)
607 FORMAT(' *xSUB,READIN MESSAGE, UNDERINED DATA SET, Y IS ASSUMED!)
IF(CODE Nt ,RUN) GO TO &0
GD T0 30
END
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SUBROUTINE PARAM({NIS,N35,M1,DMING,ERRMIN)
DUUBLE PRECISION D,DDAG,GO
DIMENSION DUT(12)

COMMON/PARSUB/NE N3, KC KT, RMODE, V, VI VS, DMIN,PCT (36} HALT
COMMON/PRM/MN(RT) ,MNS(37),SENSIV(36),A(36),AMIN(I0],ANAX(3b) PRM
1,08(36),ER(2U00),DER(2400,36) PRM
COMMON/STATE/ND,NS,KSK,KDT  NSTP, ISTAT, INIT(LR)»SCALE(12),XINIT(24)8TATE
1,YCC200,12),YM(200,12),YW{2400) STATE

COMMON/IDENT/KSWTLH, 1TPL, IPLGTY, IPLOTZ,ISKIP, ITHMAX, THR,MCOR, ICOR
COMMON/NYRT/D(36),D0A(36),6(36,36)
COMMON/BASIS/IBASIS(36),PIV(36),60(36,36)
COMMON/WRITE/HWR(36),WAL36)

DATA BLK,DSC/! e tal 1/ JAIRR/Z V%I 1/, UNUSEDZTND 1/
LOGICAL %3 HALT
OMIN = DMINS
N1 = Ni8
1100 DO 100 I={,NS
QUT(I) & j.E=60
2100 DO 100 J=1,ND ,
100 OUT(I) = OUTCI) + (YM{J,1) Jnx2
Ng = N + 1
MODE = 99
KIT = 0
KR = 0
KMOPRE = |
KnD = 2
DON'T ESTIMATE SOME GIVEN PARAMETERS ( FOR WHICH MNG = 0)
1008 DD 8 Isi,Nd
B MN{I) = MNB(E)
V8 & 1,E60
KL = 0
! IF(RIT,GE,KSWTCH) KMODE = 0
CaLs SETTIM(1,0;
KT = |
CalLlL DYNENL,RT,XKMODE)
201 J = 0
RELERR = 0,
y = 0,
1002 DO 2 1=i,NS
v2 = 0,
1020 DO 20 K=1,ND
J = J o+
Ve = v & {(YCO(K,L1laYM(K,I))nx¢g

oy e o o
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20
2

260

]
5

14
114

214

a1l
i01}

V 5 V & ER(J)*%2

RELERR = RELERR 4 v2/0UT(I)
RELERR = SQRT(RELERR/NS)

N33 =

N3 5 J-

Vi = ¥

V = vrd

DV = ¥ = y§

IF(KIT,EQ,K5WTCH] GO TO 5
IF(OV,GT.1.E=02%VS) GO TO &
KC = 0

: <60 TO 5
CaLL ADJUST
IF(KC,6T,.0: GQ TO 201
IF(RIT,LTLITPL)

CaLL PLOTINCIPLOT!,IPLOTZ2,ISKIP)

WRITE(G,114) KIT,MODE,KND,RELERR,V,(A(I),I=1,N]1)

FORMAT (/' ITERATIOUN',L3,!, MODE whS',12.,1,

1'REL,ERKOR =1,1PES, 2,

KNDZ1,12,56X,

COST =%',E10,3/1%,38(!=1),'P A R

2 E T £ ® § v A L U B S 43('=1)/2%,' 1 15 25
34 26 3 1y 27 4 16 28 5 17 29 6 18 30 7 19 31
40 32 9 21 33 10 22 34 11 23 35 12 24 36'/(1X%,12E11.37) )

IF (KC,Ede=1) G0 TO 214
IF(KIT.GE.ITHMAX) GO TQ S¢

IF(MODELEQ.1) GO TO 214

IF (RELERR LT ,ERRMIN DR KND,ER,3) Go TO 51
IFE (VS GT o VeORFIT  EWGJKSWTCH) V8 = Y

MALT = (TRUE,

CALL DYDA

1P CHALT) GO TO 50

KR = KR + |

Mz 0

IF(KC ¢ ICOR = KIT,EQ,0) ICOR = ICUR + 1
IFCKIT+1,EQ,ICOR) M=MCUR

CALL COR(NI,N3,THR,M)

M1 = 0

KND = 3

PO 11 I=i,N|

WwR({I1) = DS&C

IF(GCI ) aBEHa0,4) WR(I) = AIRR
IF(MNSCI),EQ,0) WR{I) = UNUSED
IF(MN(I).EQ, D) GO TO 1
wH(l) = BLK

M{ = M1 + 1

= =DOACT)

DA(I) = AMAXL(CAMINCII=A(L)),DACI))

A

e
8

M

1
e



DACLI) = AMINICCAMAX(I)=ACIY)sDAC(I))
IF CABS(DACI))GT40,000%%xa85CA(I)) ) KNL = 0
ACI) = AC(L) ¢+ Da(l)
11 CUNTINUE
17 WRHITE(6,617) (I,48(1),1=1,N1)
617 FORMAT(! STATUS !',24{12,A3))
WRITE(6,618) (SENSIV(I),I=1,N1)
618 FOURMAY (' SENS =',24F5,2)
TImeE = INTVAL(L1,0)71000,
It = IBASIS(D)
I2 = {BASIS(M1)
SEP = SBRT(FPIV(IZ))
WRITE(6,600) MNS{NZ2),I1,WA(I1),12,wa(]2)- SEF, TIME
600 FORMAT(! S5TaRrRT1,13,', FIRST!, 13,1 (1',Ad, ), LA&aST',135,' (',Ad,'}!
175K, V3EP =2V,E10,2,20X,'TIME =21 ,F8,2,! SEC!)
KIT = KI1T + 1
MUDE = KMODE
G0 TO 1
50 WRITE(6,6%9)
650 FURMAT(//) aLL THE PARAMETERS ARE IRRELEVANT, POSSIBLE HMODEL ERROR
1, IDENYIFICATION PROCESS CAanNCELLED!)
RETURN
5 IF{WIT,6E,JICOR) GO TD 152
1052 DO 52 N=ipN}
62 MN{N) = MNS(N)
CALL COR({wi,N3,THR,MCOR)
152 vi=0,
1053 D0 53 J=si,N3
53 Vi = V1 o+ Yw(J)xx2
WRITE(&,601) (wACI),PCT(I),l=51,N1)
601 FORMAT(//) PARAMETER INCREMENTS (DA/A) FUR GRADIENT EVALUATIONT//
LE1X, 6 (2%, A8,151,1PE9,1)))
1054 DO S4 Is=i,Nt
IF(MNS(]),EW,0) GO TO 54
SENSIv(I) = ABS(A(I)#SNGL(D(I)I/SURT(VIL) )
54 CONTINUE
N3S = N3
M = 0
1055 DO 55 I=si,N]
55 1F(MN(I).nE,O) My 3 MU # 1§
RE TURN
END

9LT

o g



16
ilé

© 1003
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1030
30

SUBROQUTINE ADJUST

COMMON/PARSUB/NL N3, KC,KT ,KMODE ,V,V2,V5,DMIN, PCT(36),HALT
COMMON/PRM/ZMNC3TI, MNS(3RT7),SENSIV(36),A(36) AMIN(CIO) ,AMAX(36)

1,0A(36),ER(2400),DER(2400,36)

LOGICAL *1 HALT

IF(KC,EQ.Q) GO TO 7

KL = KC + 2

IF(KC,BT43) GO TO &
IFCKE ,6T7,1) GO TO 1003

"KRITEC®;116) (DA(N)I, NI N1)

FORMAT(! PARAMETERS: INGCREMENTS'/{1X,1P12E11,3 )
DO 3 I=sgi,Ni

IFIMN(T)EQ,Q) G0 TO 3
ACI) = A(L) = 1,5xDA(I1)
CONTINUE

KT = 1§

CALL DYNINL KT,KMODE)

ve s 0,

DO 30 J=1.N3

VB = vB % ER(JIxx?

VB & YB/N3

EPS = 0,5

"IF(VB.LT.V¥3) - &0 TO 1031

WL o2 2,V b 4,%vB m b wvE

1031

31

4
104

ERS = (v = 4,kViB + 5,%VS)/(2,%V1)

DO 31 I=1,N1

IF (MNC1),EQ,0) GO TO 31
AMEMO = A{1) . .
ACI) = ACI) = (EPS = 0,5)#DACI)
ACI) = AMAX1(ACI),aMINCI)Y

ACI) = AMINLCALI),AMAXCI))

DACI) = A{I) = AMEMD «+ 0,5%DA(I)
CONTINUE

EFS = mEFS

WRITE(&,104) Vv,vB,EFS
FORMAT (! #*%STEP CORRECTION® COST wWASY,1PEI0,3,/,

L 1ERST =',B10,.3,', STEP IS MULTIPLIED BY f,E10,3)

KT = |
CALL ‘DYN(NL KT, KMODRE)
RETURWN
KC = {
RETURN

BACK B3TEP
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1021
21

SUBRAUTINE DYDA
DIMENSION ERS(2400)

COMMON/PARSUB/NL N3, KC, KT ,KMODE,V,V1,¥5,0MIN,PCT(36),HALT

COMMON/STATE/ND NSy HSK,KDT,NSTP, ISTAT, INIT(12),SCALECL12)yXINIT(24)5TATE

1,YC{200,12),YM(200,12),YW(2400)

COMMON/PRM/MN(3T7) ,MNS(37),SENSIV(36),A(56),AMIN(36) ,AMAX(36)

1/DA(36),ER(2400),DER(2400,36)

LOGICAL %1 HALT,RERUN

YuMAX = 0,

DO 21 J=1,N3

YwMAX = AMAX] (YWMAX,ABS(YW(J)))
ERSCJ) = ER(J)

RERUN = ,FALSE,

1006 DO & N = 1,N]

IF{RERUN,AND M ,NE, IRERUN) GO TO &

C RESET MN

MN{N) = MNS(N?
IF(MN(N)LEQ,0) GO TO 6

AMEMO = A(N)

STER = PCT(N)xA(N)

IFCACN) JETa0,0) STEP = DA(NI*PCT(N)

C FIRST QRDLZR PROCEDURE TO OBTAIN THE DERIVATIVES

1001

A(N)
STEP
KT = 1

CALL DYN(NI,KT,&MODE)

IRR = 0

DERMAX = 0,

DO 1 J=1,N3

')ER(JJNJ =0-

PERJN = ERC(J) = ERS(J)

ABDER = ABS(DERJN)

DERMAX = aMAXIC(DERMAX,ABDER)}
IF(ABDER,LE,DMIN®ABS(YW(J))) 60 T 1
DER({J,N) = DERJN/BTEP

IRR = 2

CONTINUE

SENSIVIN) = DERMAX/YaMAX

A(N) = AMEMQ
MH(N) = IRR
IFC(IRRLER,L0}
IF(MN(N)  NE )

AMEMQ + STEP
ACN) = AMEMQ

PCT(N) = 3,%PCT(N)
HALT=,FALSE,

© & CONTINUE

STATE-
PRM
PRM

T TP
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23
1022

600

ee

IF(HALT) . RETURN

DO 23 J=i,N3

ERCJ) = ERS(J)

RERUN = TRUE,

DO 22 Isi,Mi

IF(MNCI) L EQ,D) G0 TO 22

PCTCI) = PCTCI)*(1, + 0,9/8EnNSIV(I))/10,
PCT(I) = AMAXI(1,0E=06,PCT(1))
IF(SENSIV(I) LEs142 GO Tu 22

IRERUN = ]

PCT1 = PCT(IRERUN)*100D,

WRITE{6,600) IRERUN,PCT!

FORMAT(! INCREMENT IN PARAMETER #',12,! REDUCED TO!,F9,.4,! %))

G0 T¢ 1006
PCTCI)Y = AMINL(PCT(I),0,5;
RETURN
END

wood &0
FRATDEa.

ne
&

ATV
a1 WOV
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SUBROUTINE COR(N1,N3,THR,MUDEL)
DOUBLE PRECISION AD,DDA,G.C,GRAD,S,SAVE,SMAX,3MIN,DET
DIMENSION SEPAR(18),SET(36,18),CLEAR(36),CLEARB(36),IR(30)

COMMON/BASIS/IBASIS(36),PIV(36),6(36,36)
COMMON/NYRT/ZAD(3&),DDA(3D),C(55,36)

COMMON/WRITE/WR(36),WA(36)
COMMON/PRM/MNCIT),MNSCIT),SENSIVI36),A(36) AMIN(36) ,AMAX(36)
1,DA8(36),ER{2400),DER(2400,36) PRM

DATA PEQ,COMMA/Z3HY 2,1H,/

LOGICAL *{ CLEAR,CLEA"B,SET,IR,INYV
IF (N1,EQ.0) | GO TO 6999
CALL SETTIM(2,0)

MODE = MODEL

NEXT = 1

C *SE-CTIUN 1* "'-“-------"CUMPUTATIUN OF THE, GRAM MATRIxﬂﬂ.-.hh‘--..d-.-m-------

1503
503

2500
R00
1501

1502

1504
S04

SMaAX = 0,00

DO 500 1=1,N1

AD(I) = 0,00

IF{MN(I),E0,0) GO TO 2500
D0 503 K=1,N3

AD(1) = ADC(I) + DBLE(BER(K,[))*x%2
IFCADCI)aLT1,D=70) MN(I) = 0
AD(I) = DSORT{AD(I))

DO 500 J=i,nNi

C(l,J) = 0,00

DD 501 I=)1ewd

IF(MNCLY EG, D3 0 T0 %01

DO 502 J=i,1

IF(1,EQ.J) GO TO %02

IF(HMNT{J},20,0) G0 TO S02

DO S04 K=1,nN3

CCI,J) = CCI,J) + DBLECDERCK,1))*DBLE(DER(K,J))
CeIusd) = CCL,JY/CADCT)*ADCI))

CEJpI) = C(1e )

c DEFINE THE FIKST BASIC PARAMETER

502

1510
510

IF{SMAX GT.DABS(C(I,J)) ) GO 10 502

Snax = DABS(C(I,J)) ’

NEXT = [

CONTINUE

Cel,Iy = 1.00

GRAD = 0,00

DL 510 K=1,N35

GHAD = GRad # DBLECDERCK,I)3*uBLE{ER(K))
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DDAC(I)Y = GRADZAD(I)
501 CONTINUE
N2 = NI « 1

IF(MNS(NZ2) NEL D) NMEXT = MNJ(NZ2)
C #8ECTION 2*--""‘-'-f”"”'INITIALISATIDN“"----------------“----ﬂ-------ﬂﬂﬂﬂﬂ
IF (MODE EQqe=i) RETURN
CINY = MODEL,GE,10 |
IF (INY) MODE = MODEI=10
MN(NZ2) =
IF(MODE.EQ, Q) LD TO %07
IF(NL,GT,.15) L0 Tu 507

505 WRITE(6,6505)
6505 FORMAT( 1Ht.10x,'PARAMETERS CORRELATION MATRIX')
15086 DO %068 I=1,N]
506 WRITE(H,6506) WA(IY,(CC(1,d),Jd=1,1)
. 6506 FORMAT(/IX,hd,2X,15F8,4)
07 IF(MODE,LT.4) GO TO 15¢8
WRITE(6,)601) wA{NEXT)
401 FORMAT('S BAaSIC ',30x,% CRITICAL'/! PARAMETER!,S5X, SEPARATION!
119X, /PARAMETER! ,oX, I SEPARATIONY 74X, A4/)
CommmwmINITIAL ISE
M1 = 0
1508 PO 508 I=1,Nn]
M = M1 #MN(I)
1509 D0 509 J=i,n)

1F{J4LE,18) SET(l,J) = ,FALSE,
G(I,d) = C(1aJ}
509 C(I,4) 0.D0

C{I,I) = 1,00
fReI) =2 MN(I1),EW,D
MNCI3 = ((MN{I)+1)/2)%2
CLEAR(1) = ,FALSE,
IF(4NOT,IRCID) GO TO %508
C{I,I) = 0,00
DRDACI) = 0,00
CLEAR(I) = ,TRUE,
508 MN(NZ2) = YINO(MN(NZ2),MN(I))
IF{ML Q0,00 GO TO 6999
DET = 1,.D0
5 = THR=%xx2
KG = 0
NSET = 0
PIVIKEXT) = 1,
c *SE_CTIUN 3*--------ANALYSIS OF THE VtcTOR SET-----n--hn-n---------------------
£ THE NEW BASIS VECTOR IS NEXT
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1 CLEAR(NEXT) = ,TRUE,

IFCIR(NEXT)) GO TO 2004
KG = KG + 1

IBASIS(KG) = NEXT

IF(KG,GE,N1) GO TO 20

£ COMPUTE THE NEW ARRAY DF REMNANT VYECTORS
1002 PO 2 J=1gNl

IF(CLEARC(])) GO TQ 2

c TRANSFOHM INPUT VECTOR DDA
PDACJI) = DRACJ) = DDA(NEXT)I*G(J,NEXT)
IF{JNOT INV) GO TO 1003

1203 DO 203 I=1,Nt
203 C(JsIY = C(JeI) = CONEXTSI)XG(J,NEXT)
1003 DO 3 I=1,J
IF(CLEAR{L)) GO TO 3
G{Jsl) = G(J, 1) = GCJI,NEXTI®G(NEXT,I)
GEI,J) = 6CJ, 1)
3 CONTINUE
2 CONTINUE
C FIND THME DEPENDENT, THE OPTIMAL AND THE CRITICAL VECTORS
2004 IREMN = 0
5MAX = 0,00
SMIN = (.00
1004 DO 4 I=1,N}
IF(CLEAK{I)) 0 TO 4
IREMN = JREMN & 1§
SAVE = G(I.1)
TF (5AVE ,GT,8MIN) GO TO 5
{ STORE THE CRITICAL
SMIN = SAVE
I0UT = §
5 JF{SAVE,LE.SMAX]) GO TO 4
C STORE THE DPTIMaL
SHAX = BAVE

NEXT = |
4 CONYVINUE
IF(IREMN,EUW,0) GO To 20
C CHECK THE DEPENDENT
IF(SMIN,LE.S) G0 70 8

C COMPUTE THE VALUE OF THE DETERMINANT
PIV(NEXT) = SMAX
DET = DET#*SMAX

C NORMALISE ROw AND COLUMN NEXT BEFUKE THE NEw LYCLE
SAVE = DSQRT(SHAX)
1F (MODE 1T, 4) 60 TO 1007

e < b B B R RN

e e T T TR

il ety AT e
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600
1007

SMIN = DSQRT(SMIN)

WRITE(6,600) wWACNEXT),SAVE,RACIQUT) ,SMIN
FORMAT(4X, A8, BX,1PE9.2,18X,44, BX,E£9,2)
DO 7 I=s1,Nd

IF (1nY) CINEXT,I) = C(NEXT,I)/SMAX
IF(CLEARCLI)) GO0 10 7

GINEXT,I¥ = G(NEXTI)/8MAX

CONTINUE
ODACNEXT)

DDA(NEXT)/BMAX
GO TO 1

C #SECTION dkmmmmmmewameiANALYSIS OF THE DEPENDENCE WITHIN THE SUB=BASISmemme==w=aa

]

e

§§E§AR(xUUTJ = ,TRUE,

?gf?(IOUTr“SET) s ,TRUE,

NSET = NSET «+ 1
DDACIOUT) =0,D0
MN(IOUT) = 0

¢HMODE,EQ,0) GO TO 2004

C FIND THE COWPONENTS DF IOUT ON THE BASIS

1009

1010

10

1011

DD 9 I=1,KG

KBACK = KG+iw]

K = IBASIS(KBACK)
IFLL.ER,1)

D0 10 J=2,1
KBACK] = KGwIl4J
Ki = JIBASIS(XKBACK1) ;

G(X,I0UT) = G(K,IOUT) = G(K,K1)Y*G(K1,I0UT)
CONTINUE

DO 11 I=l.né

K = IBASIS(I)

GHAD = SMIN ¢ (GCR,I0UT)»*2)xPIV(K)
IF(DABS({GRAD) LE,S) GO TO i1

0 70O 9

C MEMDRISE THE DEPENDENT VECTUR IN THE LOGICAL ARRAY 'ISETH)

C Sk,
11

SET{K,NSET) = ,TRUE,

THE MAGIC NUMBER TQ 1 FUR DEPENDENCE OF THE NEXT BASIS VECTOR wITH IOUT
MN(K) = 1

CONTINUE

C MEMORISE THE SEPARATION Uk THE DEPENDENT YECTOR IN THE ARRAY IISEPARII

{ *SECTION Y% «=muw3SOLYE THE EQUATION GxDDA = DIxER

20
1120

2120

SEPAR(NSET] = WSQART(OMAXL(0,D0,8MIN} )
GO Ty 2004
{ INVERT G EVENTUALLY}ww==
IF(KG,EQ,1) GU TO 1121
DO 120 I=2,KG
KBACK = KRG#1w]
K = IBASIS(xBALK)
DD 120 J=Epl
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KBACKL = KGuI+d
K|l = IBASIS(KBACKIL}
IF (L NOT,INV) GO TO 129
1220 D0 220 LI = 1,KG
L = IBASIS(L1)
220 C(K,L) = C{K,L) = G(K,K1}*L (K1, L)
120 DDA(K) = DDA(K) = G(K,K1)*DDA(K1)
1121 DO 121-151,K6 -
K = IBASIS(I)
i2l DDACK) = DDACKI/ZAD(K)
L *SECTION 6% emneammmwmeewem=af IND THE STRUCTURE OF THE SETwescncmeccanmmmummen

IF (MODE (EG,0) 80 10 9999
IF(NSET . EW,0) G0 TO0 24
IF (MODE,LT,.5) GO TO 24

C WRITE THE DEPENDENT SETS
WRITE(6,621)

621 FORMAT(/1iX, tDEPENDENT BETS OF PARAMETERS'/ 1X,!'SEPARATIUN'/)
1022 DO 22 J=1,NGET
1023 D0 23 I=i,N{§
IF(MN(I) EQ,0,AND,SET(I,J) ) Iout = 1
23 CLEAR(I) = SET(I,J}
CaLL TRADUC(CLEAR,N1,NW)
WRITE(b,622) SEPAR(J), (WR(I),CUMMA,l=1,Nu)
628 FORMAT( IXsE9,2/7010X 24 (AU, AL ) 7))

IF(MODE.LT4b) 6O TO 22
K = 0
1012 DO §2 I=1.N}
IF(MN(I),EQ,0) 6O TO 12
IFCNOT,SET(I,J) ) GO TO 12
K = K & |
GCK,K) = =G (I,I0UTI*ADCIOUTY/ZADCI)

HR(K)Y = wA(I)
12 CONYINUE
14 WRITE(6,614) WACIOQUT),PEQ, CAR(I),PEQ,GCI,TI),]I21,K)
bid FORMAT (/' IF V,Ad,A%,") 1, THEN!,b(3X,A4,A3,1PE9,.2)/
1C19X, 608X, A4,A3,E9,2)7))
g¢ CONTINUE
24 wRITE(&,0287 N1,THR, (MN(K),KS],N1)
624 FORMAT(T] *xwTHERE ARE!',I3,! PARAMETERKS IN THIS PROBLEM ,
1THE SEPARATION THRESHMOLD wAS!',E9,2 /' MAGIC NUMBER ',30l2/)
IFINSET BEQ,0) G0 TO 32
IF(MODE LT, 3) 60 TD 42
Chxhhkkkhhkhkhrrkkhrkkrkks UNJON OF THE DEPENOENT SETS sk kkskkxkhkdhkkkhkbkhnvhkhhksk
1125 DO 129 [=1,Ni
125 CLEAR(I) = ,FALSE,

b
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NSETC = D
1025 DU 25 J=1,NBET
IF(CLEAREJ)) GO TN 25
NSETC = NSETC + 1
1024 DO 26 K=J,NSET
IF(CLEAR(K)) GO TO 26
1027 DO 27 I=1,Ng
IF(SETC(IsJd) JANDLSET(I,K)) GO TO 1028
27 CONTINUVE
GD TUu 26
1028 DO 28 I=l,N]

28 SET(I,NEETC) = SET(I,J)OR,SETLI K)
SEPAR(NSETC) AMIN] (SEPAR(J),SEPAR(K))
CLEAR(K) = ,TRUE,

26 CONTINUE

25 CONTINUE

C *SECTION 7k wememwe=PREPARE AND WRITE THE FINAL DIAGNRSTI(mweewwoanunccnnaenw o

1029 DG 29 J=1,NSETC
1030 DO 30 Is=1,Ni
CLEAR(I) = (MNCI),Eual),ANDSET(I,J)
30 CLEARB(CI) = (MN{I)EG.0) AND,SET(I,J)
CALL TRADUC(CLEAR,N1,NW)
WRITE(6,631) J,8EPAR{J)Y,,(WR({I),COMMA,I=1,Nw)
631 FORMAT(//' x»xxDERPENDENT SET NUMBER!,I3,! *kkSEPARATION =1,k9,2/
1" =1/ % A TRUE VALUE 15 OBTAINED FOR '/{! w!1,BX,28{44,4) }/) )
CALL TRADUC(CLEARB,N{,Nw)
WRITE(G,629) (WR(I),COMMA,I=1,Nu)
629 FORMATCY » JF I8 KNOWN THE TRUE VALUE OF /(1) w1, BX,24(A4,41 )/) )
29 CONTINUE
32 IF(MOUE LT,2) RETURN
CWRITE THE NAME OF INDEPENDENT, IRRELEVANT, DROPPED AND UNUSED PARAMETERS
1033 DO 33 I=1,N}
CLEAR({I) = MN(I).,EQ.,2
33 CLEARB(I) = IR(CI) AND,(MNS(I).NE, Q)
CALL TRADUC(CLEAR,N1,NKW)
WRITE(b6,H634) (WRCIY,COMMA,I=1,Nuw)
634 FORMATC//' » INDEPENDENT PARAMETERS 1'/(t »x3,2X,24(A4,41 3)/7))
CALL TRADUCCCLEARB,N1,HuW)
WRITE(H,635) (wWR(:),COMMA,I=1,Nu)
635 FORMAT() »1/' %« IRRELEVANT PARAMETERS !'/(' #',2%,24(A4,41 )/))
1036 DD 36 I=i1,N}
CLEAR(I) = MN(I}.EQ,0,AND,MNS(1),NE,O
36 CLEARB(I) = MNS(I),EQ,0
CALL TRADUG(CLEAR;N],NW)
WRITECH,637) (WR(I),COMMA,I=1,Nw)

oo b 4k oty 2 e i | i1
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537

638

60s
9999
6999
999

FORMAT () ='/1! =

NOT ESTIMATEU!/ZCY %! ,2X,208CAd, 41 1/))

CaAlLL TRAQUC(CLEARB, NI ,Nw)
ARITE(8,638) (WR(I),COMHA, I=],Nw)

FORMAT(! »1/1 =%

TIME = INTVAL(Z,

NOT USED'/ (! *!',2X,24(44d,A1 )/))
0171000, )

WRITE(6,6068) DET,TIME
FORMAT(///' DET=!,DE22,.1%9,! TIME SV,F9,35,!' S5tCt)

RETURN
WRITE(6,999)
FORMAT(///710X,1
RETURN

END

xk%xPROBLEM WITHQUT PARAMETER, COR BY~PASSED!)



981

100%

SUBROUTINE TRADUC(FOUND,N1,K)
DIMENSION FOUND(N1L)

COMMON/WRITE/WR(36),WA(36)

DATA BLANK,EMPTY/! 1, 'NONE I/
LOGICAL %1 FOUND

KzQ

DD 1 I=isN1

WR{I) = BLANK

IF(,NOT,FOUKDCTY ) G0 TO0 1
K = K & 1

WR(K) = wA(I)

CONTINUE

IF(K.GT,0) RETURN

K=t

WR(L) = EMPTY

RETURN

END



SUBROUTINE ERROR(N1,N3,M1,V,CORR,RELERR)
DOUBLE PRECISIUN PROD,DDA,D
DIMENSTON MNHOLD(36)

COMMON/STATE/ND NS KSK KDT ,NBTP,ISTAT,INIT(12),5CALE(12) ,XINIT(2U)ISTATE

1o YCC200,12),YM(200,128),YW{2400) STATE
COMMON/FRM/MNL{IT) o MNS(3T),SENSIV(36)/A(36), AMIN(36)},ANAX(36) PRM
14DAC36),ER(2400),DER(2400,36) PRM

COMMON/IDENT/KSWTCH, ITPL, IPLOTL,IPLOTZ, ISKIP, ITMAX, THR,MCOR,ICOR
COMMON/NVRT/D(36),DDA(36),PROD(36,36)

IF (N EQ,0) GO TO 2000
DO & I=1i,N1

MNHOLDCI) = MNC])

ik 1 MNCI) = MNS(I) '

b CALL COR(N1,N3,THR,10)

E PO 2 1 = 1,Ni

2 MN(I) = MNHOLD(I)

J = 0

ERMAX = 0,

681

DD 9 K = 1,ND
QUT = 0UT & (YM(K,I3)%%2
Jo= J o+
ERMAX = AMAX| (ERMAX,ER(J)Ix%2]
9N BV o (YCUK,I7aYH(K,T) %2
RELERR = RELEHR ¢ V/DUT
vi = vi ¢+ ¥
8 CONTINUE
RELERR = RELERR/NS
Vs Vi/d
CORR = 1, = RELERR
RELERR = SQRT(RELERR)
C AUTQCORRELATION OF THE RESIDUALS
3 2000 v2 = 0,4 K :
“ 1022 00 22 I=1,N§
L ® (I=1)&ND % |
1020 DO 20 K=1,nD
vi= 0,
’ Li = 1%#ND = K & 1
1021 DO 2% J=bk,L1

b d a



061

JPKt] 5 J4Kel

21 Vi = Vi + ER(JI*ER{JPKM])
KPLM] = KalLe}

20 YwW(KPLM1) = Vi/(Li~L+1)

22 V2 = v2 + Yu(l)
V2 = Vv2/N§
IF(NLE@,D) RETURN

C ESTIMATION OF PARAMETERS VAKIANCE
1015 B0 15 N = 1,N}

s Da(n) = 0,

DDA(N) = @,
IF(MN(N),EG,0) GO TO 15
3 @gP = PROD (NN *ERMAX
°‘§ﬁﬁ4 = PROD(N,N)%V2
THALN) = SRRT(FI/D(N)
DDA(N) = SBRT(P1)/D(N)
13 CONTINUE
RETURN
END
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101
502

110

SUBROUTINE CRUNCH(NTAPE,NRUN;KSTDP;fDSET]
DIMENSION IWRCRD(14),ISTOR(12),YCMAX{12),K0VER(12),YC8(200,12)}

COMMON/STATE/ND NS, KSK,KDT ,NSTP, ISTAT,INIT(12),SCALE(12) ,XINIT(24)STATE
1:YC(200,12),YM(200,12),YW (2400} STATE

DATA RUN,DATA,CNTINU,END,STOR/YRUN 1, 1DATAf, taaiw? , TEND !,145T01/

&\\Qﬁ.ﬁ

ke

KDTS:KDT*KS%
WRITE(6,101) NTAPE,NRUN,KDTS

FORMATCLIMY, ! NTAPEY,I2,! NRUNT,IZ2,&%X,'KDT=1,15//)

READ(%,502) CODE,ISTOR

FORMAT(A4,6X,12]1)

WRITE(&,110) ISTOR

FORMAT(1X,!' VARIABLES STORED ARE IDENTIFIED 8Y A 1 IN COLUMNS 11 T
10 22 AFTER THE COMMAND #=STORAGE!//1X,'%xSTORAGE “'12Ii)
IF(CODE.NE,STOR) GO 70 60

C WRITE THE FIRST CARD ON UNIT IDSET

71
701

1001

603

100&

1003
3

604
30

WRITECIDSET,701) NTAPE,NRUN,KBTS

FORMATCIRUN 1,12,781,12,6X%X,15,60X)

Kyy = |

DO 4 I=t,12

KOVER(I) = 0

IFC(ISTORCLI),EQ.0) GO TO 1

YCMAX(I) = 0,

DO 2 J=1,4ND

YOMAX(I) = AMAXLICYCMAX(I),ABS(YC(J,1)))

IF(YCMAXCL) GT.9999, 0K, YCMAXCI) LT .100,) KOVER{I)} = 1
Kyy = KYV%(1 = KOVER(I)) :
CONTINUE

IF(KVV,EQ.1) G0 TO 30

WRITE(6,603)

FORMAT({1] &% QUTPUT DATA HAD TQ 8BE RESCALED BEFORE STORING!/
it TO OwTAIN ENGR, VALUES MULTIPLY STORED VALUES 8Y 1 ' // )
0o 4 I = 1,12

IFCISTOR(IIWKOVER(I)AYLMAX(I) JEQ. @) GO TD 4

YOMAX(I) = YCmaX(1)/8000,

DO. 3 J = 1,ND

YCS{J,1)=YC0(J, 1)

YCCJs1) B YC(J,1)/YCMAX(I)

YCMAX(I)SYCHAX(I)*BCALE(I)

WRITE(6,604) YCMAX (I, ]

FORH-AT(,’&X;&PEIO.S,' FUH CHANNE’.L’pI:’lJ

CONTINUE .

J1- = ND,



100% 00O 5 I=1,12
’ YM(Ji,1) = KSTOP
5 YC(JI1,1) = KSTQP
(womemmeewunewwyRITE THE DATA CAHDSeswwuecm==
1006300 & I=1,12
SRIFCLISTORC(L) LEG,0) GO TO o
S =0
NCARD=0
COLE = DATA
7 NCARD = NCARD + 1§
1017 DD 17 K=i,14
IwRLRD{K) = @
KPJ = K&J
IF{RPJ,GT,.J1) GO TO {7
IWwRCRD(K) = YC(4APJ,I)
17 CONTINUE
C WRITE THE DATA CARDS UN UnIT IDSET

Y.

WRITE (1DSET,708) CODE,I,NCARD, I WRCRO ‘%%

708 FURMAT (A4, I2,1X,12,1%X,1415) -
J=4J % 1 9{%;
IFCII,LT.J) GO 10 16 ?%eﬁ

0 CODE = CNTINU %5
™ Gu 10 7 E%Eg
16 WRITE(b,blb) I e
616 FORMAT(! VARIABLEY,I2,' IS STORED!) v

& CONTINUE ’

3 SRITE(6,109) END
109 FORMAT(1X,4Ad)
C WRITE THE LAST CARD UN UNIT IDSET
WRITE(IDSET,709) ENy
709 FORMAT (AL, 786X)

c
C SET CALCULATED VALUES WHMICH HAD TO BE RESCALED BACK TO THEIR
o ORIGINAL VALWES FOR PLOT AND PRINT PRUGRAMS
DO 20 I=1,12 :
IFCISTOR{IIXKOVERCID*YCMAXC(L) LEG, 0) GU TO 20
DO 18 J=1,ND
18 YC(J,I)=sYLS(J,1)
20 CONTINUE
RETURRN
60 WRITE(b,660)
660 FORHMAT(/! *xaxND STORAGE PARAMETERS, ALL VARIABLES STORED')
Do 61 I={,12
6f ISTOQR(I) = ¢
6o 10 71




£6T

1001

1002

1003

2005

1004

4
5

i

i

1007

- SUBROUTINE PLOTINCIL,I2,KSKIP)

DIMENSION PLOTCL01) pXM(4),KP(4)

CDNMGNIETATE/ ND NG, KSK,KDT,NSTP, ISTAT,INIT(12), SCALE(IEJ:
XINIT(ZG) YC(200, 12] YM(EOO 12}, YN(&#OOJ
COMMON/PLOT/ SYME(4)

DATA DOT/'IV/,BLANK/Y V/
BT = KDT#KSK/1000,

b 1 I = 1,10¢
PLOT(I) = BLANK

PLOT{26) = DOT
PLOT(76) = DOT
DO 2 Jsl,4
KE(J) = 0

XM(J) - 1|E"’50

IF(I1,EQ,0) GO TO 2005

PO 3. I=1,ND,KBKIP

XM(1Y SAMAXT(XM(1),ABS(YM(I,IL) ) )
AEST = YC(I,I1t)

XM(2) =AMaAX1(XxM(2),ABSCAEST))
IF(I2,E8,0) GO TO &

DO 4 I=1,ND,KSKIP

XM(3) =AMAX1(XM(3),aBS5(YM(I,12) 3} )
AEST2 = YC(I,12)

XM{U) SAMAXL(XM(U),AHSCAESTZ))
WRITE(6,105, I1,S5YMB(1),SYME(2),12,5YMB(3),8YMB(4)

105 FORMAT (3%2,50X, 'MEASURED AND CDMPUTEU TIME HISTORIES!//!' SYMBOLS

/VARIABLEY,I2,4X,A1,! MEASURED, !',Al,' COMPUTED, /YARIABLE!,

212,4%,41," MEASUREDR, !,AL,! CDMPUTED/'pIGX;‘T I M EWY 1,1010,1))

XM1 =AMAXE(XM{1),XM(2) )

XMZ2 SAMAXI(XM({3) . xM(4) )

DO 71 = 1,ND,KS5K]P

T = (I=1)x07

IFL11,EQ@,0) GO TO b

KPLOT = (25 AYM(T,T3))7XM1 + 26
KP(1) = Kphﬂt

PLOT(KELOT)Y = SYMB(1)

‘KPLOT = (25,#YC(I,I1) /XML + 26
KP(2) = KPLOT
PLOT(KPLOT) = SYMB(2)

IF(12,Eu,0} GO TO 8

CKPLOT = (25,#YM(I,IR2))/7XM2 + 76

KP(3) = KPLOT



Rt
i

PLOT(KPLOT) = SYMB(3)
KPLOT = (2b,#YC(I,12) 3/xM2 + Tb
KP(4) = KPLOT
PLOT(KPLOTY = SYMB(4)
8 WRITE(6,108) PLOT,T
108 FORMAT(! !,101A81,4%,F10,3)
1010 DO 10 J = t,4
KPBLK = KP{J)
10 PLOT{KPHLK) = BLANK
PLOT(76) = DOT
PLOT(263 = DOT
7 CONTINUE ,
11 WRITE(6,111) I1,XMEL),XM(2), 18, XM(3),XM(4)
"§11 FORMAT(! MAXIMA t  VARIABLE',I2,! MEASSI,17k10,3,'y COMP=1,E10,3
LpT%,! VARIABLE!, 12! "‘EA5=‘]’E10.3;’; COoMP! ,,E1C¢,.3)
RETURN
END

¥61
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