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SUMMARY

Two Fortran computer programs are described, one for the analysis of
longitudinal responses of aircraft, and one for the analysis of lateral responses
in the presence of small longitudinal motion. The aerodynamic derivatives which
affect the responses are determined by a Newton-Raphson technique to obtain
iteratively the best least—squares fit to the observed data. A description is
given of the numerical method, and its implementation in the programs, and then
separate guides for users are provided for the two programs. An example is

shown for each program.

Some of the computer output reproduced in this report may not be clearly

legible in places. Readers requiring clear copies should apply direct to
the authors.

* Replaces RAE Technical Report 75090 - ARC 36303.
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1 INTRODUCTION

The application of digital optimisation techniques to the analysis of
flight records to obtain aerodynamic derivatives has received a great deal of
attention in the past few years, particularly in the United States, where a
number of teams have developed computer programs based on various methods. An
excellent summary of the work, together with possible extensions, is given in
Ref.1, and a large number of papers is collected in Ref.2.

The possibilities of such methods were demonstrated at RAE by Waterfa113’4,

who developed programs to obtain derivatives from the coupled longitudinal and
lateral responses of rocket-launched free-flight models. Two Fortran programs
have been developed from the free—-flight model work for application to full-
scale aircraft, and are described in this Report. The program for the analysis
of longitudinal response data includes all the longitudinal aerodynamic
derivatives, but may be used for those pertinent to the short period oscillation
for responses at constant forward speed, while the program for the analysis of
lateral response data includes correction terms for the influence of measured
longitudinal motion. They are easier to use than the original program in that
the derivatives to be identified are chosen via input data, and modifications to

the program are not needed for different sets of parameters.

The optimisation method used is that of weighted least squares, using
differential correction techniques (also termed Newton-Raphson). It is hoped
that the description given here is sufficiently detailed to enable the essentials
of the method to be grasped and for modifications to the programs to be made to
suit particular needs, but at the same time is concise enough to be a User's
Guide for the programs as they stand. Section 2 summarises the basic theory,
and the specific applications of the method to the longitudinal and lateral
responses are described in sections 4 and 5 respectively. Section 3 will

probably only be needed by actual users of the programs.

More complicated methods of parameter identification are being applied by
Klein5 at Cranfield Institute of Technology, under Ministry of Defence (PE)
contract. At present, his computer programs are written in a specialised
machine language developed at Cranfield, but it is hoped that Fortran versions
will become available, which may supercede the RAE programs for some applica-
tions. Klein incorporates four optimisation methods (1) equation error method

(2) weighted least squares, equivalent to the method described in this Report,



(3) maximum likelihood and (4) Bayesian technique. The latter two methods use
more sophisticated statistical techniques, but need good first guesses for the
values of the parameters to get acceptable rates of convergence. Klein has
demonstrated that they can be useful for 'non-standard' responses, e.g.
longitudinal short period of a slender wing aircraft with nonlinear aero-
dynamics, but it is felt that the RAE programs are usually sufficient for most
applications, and serve as a useful introduction to the more advanced

techniques.

2 THEORETICAL BACKGROUND

The aim of the program is to obtain the least-squares fit between measured
response data and the calculated results from the mathematical model of the
motion, by updating the values of the unknown parameters iteratively, using the
method of differential corrections. The basic theory is given in Ref.3, but is
summarised here for convenience, so that the steps in the computer programs may

be recognised.

The response data consist of readings from n instruments (e.g. accel-
erometers, rate gyros, incidence probes), taken at m intervals of time.
At time t these instrument readings are denoted by the n-dimensional vector
T The equations of motion form the mathematical model, including both the
force and moment equations, and the kinematic relations. These equations are
written in terms of the unknown parameters, particularly the aerodynamic
derivatives, and the state variables which are usually the perturbations in
linear and angular velocities from a steady state. For the purpose of matching
responses, the instrument readings need to be expressed in terms of the state
variables, e.g. local accelerations at accelerometers away from the CG of the
aircraft, and local angles of incidence at vane and probe positions. The
calculation of the responses requires initial conditions of the state variables,
and so these initial values must be included as unknown parameters (even if
measured values are available, they cannot be assumed to be exactly correct due
to instrument noise etc.). The remaining set of unknown parameters which may
have to be determined are the offset errors (bias errors) of the instruments,

as calibrations can vary with time or flight condition.

The p unknown parameters (aerodynamic derivatives, initial conditions
and offset errors) are denoted by X k=1...p, and the r state variables

by yj(t), j=1... r . For a given set of values of the parameters X o the
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mathematical model is used to compute the corresponding instrument readings at

time ¢t. ,
i

nic = TYxl,xz v xp’ti) , n

where the function 7T includes the equations of motion, kinematic relations and

the expressions for the instrument readings.

Thus the residual errors are given by

R = 7, - T, . 2)

The optimisation procedure is to determine the values of X which

minimise the cost function

m %
U = Z <1ri - >wi<7ri - > , (3)
4 c c

where W, is an n x n diagonal matrix of the weights applied to the observed
response variables, and * denotes transpose. In the current programs
described here, w, are constants, independent of time, chosen according to the

relative amplitudes and reliability of the response data.

The minimum of U 1is given by dU = 0 , which is evaluated algebraically

from first principles, by considering an updated set of parameters, xﬁ , Where

1] .

S )

and the ka's are to be determined.

Then the corresponding vectors are given by
' = '
T Tlpot;) )

R' = 7w, - (6)
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Ut = :E: Rﬂ:wiRwi . 7)

In order to linearise the equations, the relation in (5) is expanded in a

Taylor series,

P
2
o= oom, .. 8x o+ $
T +ka1 * °(< xk>) 8
c c
k=1
8'1"(x1 cee X ,t.)
where f ., = P 1 , and are written as m—dimensional column vectors.

ki Bxk

. 2, . . . . .
The correction procedure assumes that (ka) is negligible, which linearises
equation (8), but necessitates an iterative solution until the assumption is

valid. Then equation (6) may be written

k=1
or in matrix form
D' = D - CE 9)
3
where D = RTT ] , a column vector of mn rows
i
c = rf .] , a mn x p matrix ? (10)
| ki
E = 6xk] s a column vector of p rows J .
Thus equation (7) becomes
U' = D'*WD' , where W is an nm x nm diagonal matrix

1]

(D* - E*C*)W( - CE) . (1)
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Since W 1is a diagonal matrix, it may be shown that
———| = = 2C*WD + 2C*WCE
B(GXk)

= 0 s (12)

for U' to be a minimum value of U .

Thus, with Y = C*WC , then equation (12) gives

E = v lcewp , (13)

that is, the increments ka required to correct the parameters X, are known
in terms of the partial derivatives fki and the residuals RTr .
i
The computed readings m,  are usually expressed explicitly in terms of

the state variables yj (rathe% than the parameters Xk) , so that

T(x, ... . L oom. .
ol (x, xp,tl) j{: om. (v, y.) 3yJ . an

T
ki axk ayj axk

=

The state variables satisfy the equations of motion, which may be written as

vy = gj(y, RRED AVE SRR xp,ti) (15)
so that
. T
ay. 9y . 9g. 9g. 3y . 9g.
_El_.__J.=__J_=__L=ZJ_J'+aJ’ (16)
dt axk axk Bxk 42 8yj. Bxk X

where equations (16) are a set of pr simultaneous differential equations.

These are solved, together with the equations of motion, for each t, , to give

Y.
the partial derivatives (-—l> . The remaining partial derivatives required
%
t.
i

in equation (14) are obtained algebraically.

The increments 6xk derived from equation (13) are used to give new

starting values of the parameters X and the iteration continues until E



is negligible and so (chk)2 is negligible), and the best estimate of the

parameters is found.

Two measures of accuracy are available, the best estimate of the accuracy

of the observations, 02 , and the variance Si of the parameters X - The

former is obtained from the minimum value of U' , and may be written

o = ol - (ErcHD)/(un - p) (17)
where % is the rms of the residuals of the observations using the uncorrected
parameters. If the parameters are uncorrelated, then the covariance matrix,

cov(E) = UZW-] , is a diagonal matrix, and so

si - ozw;] , (18)

where Wk is the kth diagonal element of W—] . At the 957 probability level,

the probable error in X, 1is then given by

k

bx, = 28, = 2(czw;])£ . (19)

If the parameters are correlated, then equations (18) and (19) are approxima-
tions, and the magnitude of the off-diagonal elements in cov(E) indicate the
degree of correlation between pairs of parameters. In the RAE programs, the
correlation has not as yet been used, as background experience in analysing
flight records usually gives sufficient guidance in choosing the stability
derivatives to be obtained. For example, it is known that q and W (pitch
rate and rate of change of normal velocity respectively) are almost in phase in
the longitudinal short—period oscillation, so that the aerodynamic derivatives
mq and m. affect the response in the same way, i.e. the degree of correlation
is near unity. 1In order to obtain consistent values independent of first
guesses, m. is set to zero, and the value obtained for mq is taken to be
equivalent to the total damping-in—pitch derivative, mq +m.o. In the lateral
Dutch roll oscillation, the derivative lr does not usually have significant
effects on the response, and so lr has to be kept constant at its estimated
value, to avoid divergence of the iteration procedure. The possibility of
determining n and/or np depends on the type of Dutch-roll response, whether

it is predominantly yaw or roll, and so some judgement is required.



The latter situation is one in which it may be useful to have an indica-
tion of which parameters affect the computed responses most strongly. A
sensitivity matrix F 1is therefore calculated, where the elements of F are

given by

[ 2
X C _ _
- —HTZ({fki}Q) , g=1...n, k=1...p, (20

where suffix 2 denotes the %th row (instrument).

As ™ =T is an n~dimensional vector (n being the number of

. c . . .
instruments), F is a p x n matrix. is the rms rate of change of the

)
computed reading of the f2th instrument with respect to the kth parameter, over
the time interval of the run, and normalised by the value of the parameter.

Parameters which have small sensitivities relative to other parameters for all
the instruments have a small effect on the computed response, and so cannot be

identified accurately.

It has also been found3 advantageous to analyse oscillatory responses in
two steps (in the same computer run), first determining the stability derivatives
which have a major influence on the frequency (mw, or n_ and Qv) and
derivatives for any controls used, keeping the remaining derivatives at fixed
estimated values, and then to allow the derivatives influencing the damping to
vary also during later iteration cycles. This usually ensures convergence,
and reduces the total number of iterations required to obtain a given accuracy.
A facility for determining the first set of parameters using only the first half
of the observed data is provided in the program, which then automatically
includes all the observed data for the second step. The programs described here
differ from those described in Refs.3 and 4, as the order in which parameters
are derived is specified as input data, without changes having to be made in the

program.



3 DESCRIPTION OF PROGRAMS

3.1 Types of Subroutines

The programs are written with interchangeable Subroutines, and follow the
pattern of the original free—flights’4 programs. The flow diagram in Fig.!
shows the basic framework for the subroutines, the main decision points, and the

places in the program where data may be output to the lineprinter.

The MASTER segment controls the iteration process (as discussed further
in section 3.2), builds up the normal equations, and accumulates the statistical
information (o and Sk) required to give the measures of accuracy. It also
controls the output of results, dependent on both requested information and on

the stage of the iteration process.

The DATAREAD Subroutine is arranged to use different Label entry points,
depending on the amount of data common to the flight records being analysed.
The input data is described fully in section 3.2 and listed in Tables 1 and 2
for the longitudinal and lateral programs respectively, the main difference
being in the observed instrument readings (Label 8), which must be made
compatible with the output of the flight recorder system, and minor differences

in array sizes.

The INIT Subroutine sets the initial conditions for the integration

procedure, using input and computed data.

The MATHMODEL Subroutine calls the ICL Scientific Subroutine6 F4RUNG for
integrating the simultaneous differential equations of first order, which are
given in the associated Subroutine F4DERY described below. MATHMODEL also
contains the expressions for evaluating the computed instrument readings,

™ (= PI(I) 1in Fortran symbols), and their partial derivatives £ % FY(I,K) ,
c

in terms of the computed state variables, yj = Y(J) , and the parameters,
x = X(K) . The forms of these expressions depend on the instrumentation used

to record the flight data, typical examples being given in sections 4 and 5.

The F4DERY Subroutine which is called by F4RUNG contains two types of
differential equations. The first four are the usual equations of motion,
expressed as first order differential equations, DY(J) = g(¥(1), ... Y(5)) ,
from equation (15). The remaining differential equations are those needed to
evaluate the partial derivatives, Byi/axk , from equation (16). The expres-
sions are evaluated in terms of the parameters stored in the fixed order, and

only the equations relating to the p chosen parameters are actually integrated.
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The SOLNORM Subroutine solves the normal equations (13), to give incre-
mental corrections to the parameters, and is identical to the original program4.

The iteration process is then continued, via MASTER.

3.2 Description of data input

The programs are written so that either SI or Imperial units may be used,

provided that the units of the input data are consistent.,

The system of axes has origin at the centre of gravity of the aircraft,
with the x-axis positive forward along the fuselage datum, and z-axis positive
downward (unless the gyros and accelerometers have been aligned to a different

set of geometric body axes, when this axis system is implied).

The definitions of the nondimensional aerodynamic derivatives are
different for the two programs, the aeronormalised system of Ref.7 being used

for the longitudinal (with &, = c) , and the 'old' system of Ref.8 at present

used in the lateral programs.] Although this is untidy, it is recognised that
several systems are in use, and so it may be helpful to see the differences
affecting the programs. The main bulk of the computations use the dimensional
form, and so any change of notation is readily affected by altering the
appropriate multiplying factors XM(I) , relating the concise dimensional and
aerodynamic nondimensional derivatives, which are evaluated in the Subroutine

DATAREAD, The factors XM(I) are listed in Table 3 for longitudinal derivatives
of Ref.7, and in Table 4 for lateral derivatives of Ref.8,

The order, format and notation of the input data are given in Tables 1

and 2 for ready reference, with added explanation included here.

AC(9) contain the positions of the accelerometers and probes, defined by
the triads (x,y,z) for each instrument, relative to the CG along the given
axes. The data is needed for calculation of instrument readings from the state
variables. The rate gyros are assumed to be oriented accurately relative to

the axis system, so no position information is required for them.
XE. See section 3.3.

ND is the number of instruments. The instrument readings to be matched
are considered in the fixed order implied by OBS(I,J). For example, if ND = 3,
the lateral program will use sideslip vane, roll and yaw rate gyros, but leave
out the lateral accelerometer (see Table 4). It is possible to arrange for the

case where, say, the sideslip vane is absent, but the other instruments



12

available, by setting ND = 4 and choosing the weighting on fitting the side-
slip record to some very small value, e.g. XS(1) = 0.00001 . (Choosing the

weighting to be zero may produce overflow difficulties.)

YIN(5) and DTM(10) or (9) contain information defining the flight
condition. The equations of motion used are essentially perturbation equations
about a trimmed steady state, and so include terms dependent on that state.

DTM defines steady datum values of variables associated with the instrumentation,
while YIN includes the remaining steady values. The calculation of these values

is explained more fully in Appendix A.

XX(22) or (20) are the first guesses for the parameter values. Guesses
for the initial velocities and instrument errors have to be derived from flight
data. Some suggestions are given in Appendix B for methods of obtaining first
guesses for the aerodynamic derivatives, which may be useful at the beginning
of a series of flight tests. Once some records have been analysed, inter-
polation from the results often yields better first guesses for the remaining

records.

JP(20) or (22) is an integer array defining the order in which parameters
are to be evaluated. The array XX(K) contains the parameters stored in the
fixed order, which is related to the array X(K) with the parameters stored in

a chosen order by the relation

X(JP(K)) = XX(K) 21

i.e. JP(K) is the position in the chosen order of the parameter Kth in the fixed

order. The second sections of Tables 3 and 4 give examples.

REJ and ACF are quantities related to the accuracy required, see

section 3.3.

HMAX is the maximum increment of time that the numerical integration
routine may cover in one step. Usually the step lengths required would simply
be the time between successive observations. Two cases arise however when it
may be necessary to insert intermediate steps in the integration process. The
first occurs when observations at occasional time points in a sequence are
missing (this is more likely to occur in telemetry data than with onboard
recordings), then by setting HMAX to slightly more than the usual time interval

between observations, the program uses HMAX to continue integration over the
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time interval where data is missing. The second case is when observations are
coarsely spaced; HMAX may then be used to ensure that smaller steps (of length

HMAX) are taken between observations by the numerical integration routine.
P, ... LC, see section 3.3.

XS(4) are the scaling factors to be applied to the instruments, usually
chosen such that the maximum factor of 1.0 is applied to the instrument showing
the smallest numerical amplitude (in actual physical units) about its steady
reading. The remaining scaling factors are then obtained as the inverse ratio
of the amplitudes to the smallest amplitude, all measured in physical units
relative to the means. (This effectively normalises the instrument readings, and,
more importantly, the errors.) Additional weighting can then be introduced to
account for relative accuracies or noise levels. In relating the programs to
the theory outlined in section 2, it should be noted that the diagonal elements

of the weighting matrix W are the squares of XS(I).

3.3 Control of the iteration procedures

The running of the program is controlled mainly by the input data, and
partly by the results obtained. Various arrangements of the input data are also
possible, using the entry label facility incorporated in DATAREAD, which is best

explained by examples.

For the first flight record to be analysed in a computer run, the first
data card must contain the entry label 3, so that all the necessary data is read.
The Data title is then followed by the data cards containing AC, SP etc. up to
and including XS. The entry label 8 is then set, to read in the observed data
at MD time intervals. For flight data on cards, as in the lateral program, the
actual number of sets of observations included in the record may be greater than
MD, as long as the first column of each card is blank, the unwanted data after
MD sets have been read being skipped (for L = 0). With data tapes, used in the
longitudinal program, the end of the time interval is specified, as described in

section 4.2.

The information given at Label 6 in Tables 1 and 2 defines the user's
control of the iteration procedure. For a chosen number, P , of unknown para-

meters the iteration continues until either

(i) a chosen number, ITM, of iterations have been completed or
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(ii) each incremental change in parameter, ka contained in E(K), is
less than a set of chosen accuracies, stored in XE(K), multiplied by a

chosen accuracy factor, ACF, i.e.
E(K) < ACF * XE(K) for all K=1 to P, or

(iii) divergence has occurred, so that the number of observed data points
being fitted is less than the number of parameters. This is possible,
since if the residual error in any instrument reading is greater than REJ,
then the observations at that time are ignored in the current iteration
cycle. An initial value of REJ has to be included in the data, which is

then updated to the current value of 40/(total number of observations)i .

For a flight record of sufficient length, the first half of the record
may be analysed for the chosen number P parameters, and then the computation
continues automatically after condition (i) or (ii) has been satisfied to
include the complete record for a greater number, PF , of parameters. If P

and PF are set equal, the complete record is analysed.

If the same flight record is to be reanalysed in the same computer run,
then the next data card contains the required entry label, followed by Data
title and the necessary data, then entry Label 9 to avoid repeating the
observations. A likely example is that the scaling factors XS are to be

changed, so that the data cards would be

7

Data Title
XS

9, IPLOT

i.e. P, PF etc. would remain unchanged from the previous computation.

To proceed to the analysis of the next flight record, the entry label is
chosen so that the data preceding the label does not need to be changed. For
small aircraft whose mass varies significantly with fuel state during the flight,
a complete new set of data is required, so Label 3 has to be set, but for larger
aircraft Labels 4 or 5 may be possible. The first card after the label contains

the new Data Title, followed by the data cards.

The last case to be analysed in a computer run is identified by making

LC = 2 , otherwise LC =1 for all previous cases.



15

3.4 Description of output

A program heading (specified in FORMAT statement 2 in MASTER) is printed
before each analysis together with the date when the program was run. The
contents of the 'data title' card then define the specific data (e.g. flight
number, aircraft, test number) being analysed. The next block of output
reproduces input data which has changed from the previous run (this depends on

the entry label, L , used), up to and including XS , but not the observations.

The first guesses of the parameters in the chosen order are then printed
in the nondimensional forms as described in section 3.2. The longitudinal
version also prints on the following line in brackets the values of the para-
meters in a dimensional concise form (see Table 3). Each parameter has an
associated DELTA printed below, which at the beginning of the computation is the
accuracy requirement (in nondimensional form) set as input data in the array

XE (20) or (22).

If IT has been set to zero then the computed instrument readings using
the first guesses for the parameters are listed, together with a count of the
number of data points not rejected, and the sensitivity matrix. The results can
be useful if the iterative procedure subsequently diverges, but this lengthy
print out can be suppressed by setting IT = 1 . In the longitudinal version
these results are also output to channel 4 which could be a paper tape punch,
magnetic tape etc.; this enables the program to be used to produce 'simulated
data'. If this output is not required it can be suppressed by using
OUTPUT 4=/NONE 1in the program description statements as in the program listing
of Appendix C.

For each subsequent iteration the updated parameter estimates are output,
but the associated DELTA now gives the half width of the 957 confidence interval
for that parameter obtained from equation (19). For parameters not being
analysed DELTA appears as zero. Also after each iteration the estimated o and
the number of degrees of freedom (i.e. the difference between the total number

of observations fitted and the number of parameters) are printed.

At the completion of the final iteration, the comparison of computed and
actual instrument readings is output according to the value of IPLOT. For
IPLOT
IPLOT
IPLOT

0 , computed readings and their weighted errors are printed; for

1 , the graphs of computed and actual readings are plotted, and for

il

2 both listing and graphs are obtained. In the printed listings, if
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the time interval between observed readings is less than HMAX, the results are
given at the observation times only, but if the time interval between two
successive observations is greater than HMAX, then the computed readings are
given at intervals of HMAX until the next observation time is reached.
Rejection of an observation point because of a residual error greater than REJ
is indicated by blank spaces in the weighted error columns and there is also a

reduction in the number of degrees of freedom.

Finally the number of points not rejected is printed (this will always be
at least one less than the number of observation points because the starting
time point is not counted), followed by the sensitivity matrix for the instru-

ments and parameters being considered.

Two possible messages may be output. 'Not enough data left" signifies
that the iterative procedure has diverged to the extent that most of the
observations have been rejected. This is not an infallible trap for inhibiting
the listing and plotting of large numbers for the computed instrument readings,
which does occur when divergence happens on the ITMth iteration. '"Changes for
following parameters small" signifies that the iterative procedure has converged
to within the accuracy level set before the maximum number of iterations has

been completed.

3.5 Graph plotter output

IPLOT is read from column 2 of the card which starts with entry Label 8
or 9. 1If IPLOT = 0 no graphic output of the results of the run* will be
produced; if IPLOT = | or 2 then the observed instrument readings and the
computed instrument readings using the parameter values of the final iteration

are plotted, thus showing the ''goodness of fit" obtained.

The format of the graphs is as follows:- Provided the time interval being
analysed is less than 16 seconds then for each instrument an A4 size box and a
horizontal time axis with a scale of 2 centimetres per second are drawn. The
vertical axis is 16 centimetres long and the data (observed and computed) for
that instrument is suitably scaled to fit this length using HGPSCALE of Ref.9.
The observations are plotted as a solid line and the computed fit as a dashed
line. 1In both cases successive data points are joined by straight lines. The

computed fit at all observation times are plotted, including those which have

* In this section it is understood that a new 'run' starts whenever an entry
label between 3 and 7 inclusive is read,
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been rejected due to too poor a fit, however intermediate computed points, which

appear when a time gap is greater than HMAX, are not plotted.

The first 20 characters of the 'data title' card are printed in the top
right hand area of the box. These graphs are laid out so as to be suitable for

inclusion in RAE Technical Reports.

Should the time interval be greater than 16 seconds then the time axis and
the horizontal size of the enclosing box have to be extended beyond A4 size by

the program.

The RAE computers currently use an off-line plotting system. This means
that the instructions for plotting produced as the program is being executed are
stored on magnetic tape. A scratch tape should be requested for this purpose;
the program will open and name this FLTVDATAVFIT as soon as a set of data, that
is a run, for which plotting is required, is encountered. The name of this tape
is defined on card PL 290 in subroutine DATAREAD. For each run a set of graphs
is stored as a picture on the tape. (Note that there is a dummy first picture).
This magnetic tape is later used under control of #XJGA to drive the graph
plotter. A single control card is also required and it is possible to specify
which pictures are to be plotted on this card. Normally all the pictures are

required in which case this card has the form (starting in columm 1):-
FLTVDATAVFIT,0,0,6,0, | ,ALL,*%#%
Further details of #XJGA can be found in the 1900 Series Graph Plotter Manualg.

4 LONGITUDINAL RESPONSE PROGRAM

4.1 Equations of motion

The linearised equations of motion for perturbations about a trim state of

the aircraft used in the longitudinal version of the program are:-

8 = q cos @e (22)
. = . (_ - ° ° ° °

W qu *+ uq + 6g sin )e cos @ {wa +zou+ z,d + znn} (23)
q = - {muu tmow o+ mqq + mnn} (24)

o
i}

_ @ _ o o ° ° .
qw + w,q + 6g cos O {xuu R b X+ xnn} (25)
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In these equations 6, q, u and w are perturbations from trim values, so,
for example

Qoral ~ e *d > (26)

. . . . . . 7
and the derivatives are in dimensional concise form', so, for example z, has

the units of force/(mass x velocity).

The trim state can be steady horizontal flight, a dive, a banked turn or
a steady diving banked turn (see Appendix A). As equations (22) to (25) are
perturbation equations trim forces do not appear. For instance in equation (23)

a, the normal acceleration of the aircraft in the trim state is balanced by
e
u g, * g cos Gz cos @e + Ze . At each observation point it is also necessary to

calculate the partial derivatives of u, w and q with respect to each of the
3y.
parameters being identified <;o obtain the —L of equation (h{» . This is

axk

achieved by integrating numerically not only equations (22) to (25) but also

their partial derivatives with respect to each of the parameters.

For example equation (23) differentiated with respect to d » the initial

value of ¢q , is:-

e e T N e
d a4 1p 99, d 99 9 3q,
ceeeaa (27)

(v}
and as a further example, equation (24) differentiated with respect to Mw ig:-

o o l_ (-]
asit_icul_=_m3_l:_+m?.§_+_z_o_"_ssw+m3%_ (28)
oM U oon Y oan m 1 3M
w w W w

It will be noted that the parameter with respect to which it is required to
differentiate is in aeronormalised form, while the derivatives on the right-hand

side of equations (23) to (25) are in dimensional concise form, hence

3 o o W amw
T mww = mw —-u_- +  — W
oM aM oM
w W

> (29)
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where the nondimensionalising factor is stored in the array XM,

The left-hand side of equations (27) and (28), and similar equations for the
other parameters (except off-set errors, see below) and equations of motion
appear in the program as the ZD array of Subroutine F4DERY, while the partial
derivatives which appear on the right-hand side are the Z's of F4DERY., The

contents and ordering of terms in these arrays are described in Table 3.

It has been assumed in the program that terms containing partial
derivatives of 6 are small enough to be ignored, so in equation (27) the term

L . . . . . .
—— g sin Cz cos @e is taken as zero, and the partial derivatives of equation

qu

(22) are not calculated. Omitting these terms does not affect the computed
instrument readings for a given set of parameters because the term containing

& in equations (23) and (25) remain and equation (22) is integrated numerically
over time to give the required 6 . However the omission does change the values
for the updating of the parameters arrived at by the iteration procedure. If
the iteration procedure converges to a set of parameters giving a good fit to

the observed data the approximation is justified.

A Runge-Kutta method is used to integrate the equations of motion and the
partial derivatives with respect to the parameters numerically over time, to
give computed state variables and their partial derivatives. However the fitting
process (see section 2) requires the calculated instrument readings, "ic s, and
their partial derivatives, f,. , so in MATHMODEL Subroutine the equations

ki
giving the instrument readings in terms of the state variables are used. These

are:-

»qcalc - ata Eq ’ (30)

a, = é—[— {;Ww + ;uu + ;qq + ;nn} + xlé - yar, t quqzl] ta, o+ Ea , (3D
calc e z

Vcalc - [Gw * qu)(we P * pey2) * uue]/Ve * Ve * Ev ? (32)

and

®cale ~ ﬁi'— ;Zé Toag v E, (33)

where (x],y],zl) is the position of the normal accelerometer,
(x2,y2,z2) is the position of the airspeed probe,

(x3,y3,z3) is the position of the angle of attack vane,
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all positions being relative to the centre of gravity, dgs 2, » Ve and e,
e
are the trim values, and Eq’ Ea s EV and Ea are instrument offset errors.
z

The partial derivatives of equations (30) to (33) are required (to obtain

the f . of equation (8)), for example:-

ki
aqcalc _ 94
(v - ~
oM M
w W
and

aoLcalc = 1
3E

These involve the use of the partial derivatives of the state variables. It
will be seen that P, and r_ appear in equations (30) to (33); these are non-

zero when the trim state 1s a banked turn.

4.2 Data inBut

The data required for the running of the longitudinal program is listed
in Table 1, with the units (in this case metric as an example), and the format
used. Information on the sources of data, use of Jlabels etc. common to both

programs is given in sections 3.2 and 3.3,

The longitudinal version of the program is designed to use observation
data on paper tape. When an entry Label 8 is read, indicating new observations

are to be read in, the next card gives the following information (see Table 1):-

NGAP Only the observations at every NGAPth point will be taken into account in

the fitting process, but the control positions at every time point will

be used (<6).

TF The final time. Checks are made that not more than 100 points for fitting

are read in, and that the end of the paper tape is not reached.

IL The paper tape loading indicator. 0 = Tape already loaded and at start.
1 = Pause, unload paper tape and load new one. 2 = Required data is later

on tape already loaded and partly read during a previous run.

A print out of a typiczal set of data cards, and the beginning of the

corresponding paper tape of observations is given in Fig.2 for a computer run
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which analyses for ten parameters. The elevator input is shown in Fig.3; this
is taken from the flight record and is not part of the computer program's

graphical output.

4.3 Output

An example of the output of the program is given in Fig.4, and the

graphical output in Fig.5.

The input data is first listed; this has all been read in from cards
except for the 'tape identifier' and 'original number of data points' which are
read from the paper tape of observations. The first calculated results are
SIGMA and DEGREES OF FREEDOM obtained using first guesses for parameters.
Subsequent iterations follow, with ten parameters varying Vg Qg Mn’ ﬁw’ Ew’
v v
Mq, Eq, Eaz, Zq and Zn) . Convergence occurs after 6 iterations, so the
maximum number of iterations, which was set at 8, is not now reached. The
calculated instrument readings and weighted errors are listed, since IPLOT = 2,
There are no gaps in the weighted errors listing, which indicates none of the
data points have been rejected, confirmed by 98 out of 99 points being accepted.

(The difference of 1 is due to the initial time point not being counted.)

The final line printer ouput is the sensitivity matrix (equation (20)).
It should be noted that the sensitivities listed for instrument off-set errors
(EQ and EAZ) are just the absolute value of the identified off-sets in the last

iteration and are not comparable with the other sensitivities.

The DELTA for ZQ in the final iteration is very large indicating a large
uncertainty in the value of ZQ; the DELTA for Zn is also quite large. The
sensitivities of both instruments to ZQ and Zn are small compared to their

sensitivities to other parameters.

Fig.5 shows the graphical ouput. The observed instrument readings (solid

line) and the calculated fit (dashed line) are plotted.
The graphs have been reduced in size from the original CALCOMP plots,

5 LATERAL RESPONSE PROGRAM

5.1 Equations of motion

In flight tests aimed at obtaining aerodynamic derivatives from lateral
responses, it is often evident that the associated longitudinal motion can be

significant, and should be included in the mathematical model of the motion.
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Of current interest is the determination of derivatives at high angles of
attack, often achievable in flight only in steady diving turns, and so the

equations of motion are expressed in terms of linearised perturbations,

(vy Py ¥, &, L) about a steady state denoted by suffix 'e' .

Y o= - {§Vv + §pp + §rr + §££ + §c;} - (r + re)V + (p + pe)V sin o

+ gay, + g cos Cg sin @ (34)
p = - {;va + E,pp + ;er + ;ng + ;LC;} +bar+eqpt exf (35)
r = - {ﬁvv + ﬁpp + ﬁrr + ﬁgg + ﬁcc} + bzqep -e,qr * ezﬁ (36)
® = p+ r cos ¢, tan CL . : (37)

The steady trim value aye is included in equation (34) to allow the
total (measured) angle of attack to be used in the 'peV sin a' term and the
total (computed) bank angle in the gravity term. An alternative form could be

used in F4DERY, (and is available in one version of the program)

* = - o [ [] o o _ » @ » - .
v {yvv + Y,P +ty.r+ ygE + yCC} rV + pV sin o + g cos O (sin ¢ - sin @e)

It is assumed that the angle of attack is measured, but it may be set to the
constant datum value, or to values estimated from the measurement of the normal
acceleration, by changing the expression for the computer variable W at the

beginning of the F4DERY Subroutine (Appendix D).

For level flight at one g, the steady datum values are all zero, except
of course for V and a . The relationships for the steady values appropriate
to a diving banked turn in terms of measured quantities are given in Appendix A,
as it has been found inadvisable to use the steady instrument readings due to
changes in off-set errors with g-level. It should be noted that the steady
datum values and the offset errors do not have the same effect in the equations,

and have to be treated separately.

Thus the state variables are v, p and r (since ¢ 1is obtained

directly from p) , and the parameters are the initial values Vs Pgs Tg o the
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aerodynamic derivatives, and the instrument errors. The aerodynamic derivatives
. . . . . . 7

appear in equations (34) to (36) in dimensional concise form', and are related

to the nondimensional derivatives by the multipliers listed in Table 4, which

apply to the 'old' British notation of Ref.8.

All of the first order aerodynamic derivatives are included in the
equations for convenience in programming, but it is not envisaged that all will
be evaluated. Derivatives having a small effect on the motion may be set to
remain at zero (e.g. yr) , Or to remain at estimated values (e.g. zr) . The
derivatives due to acceleration in sideslip do not usually have a distinguishable
effect on lateral responses, as 8 is almost 180° out of phase with r , and so
the derivatives combine, e.g. the value of n, derived from the analysis

program is then considered to be the algebraic sum of no- oo .

Examples of the differential equations for the partial derivatives are

given by
d [ov v { v ° 3p °  ar dr 5p .
= = = =Ky —+ty +y -V —+ —=— 7V sin a (38)
dt (8v0> Bvo v BVO ) BVO r Bvo} BVO Bvo
and
d [av dv { "3v. ,° dp , ° Or dr or
— = = —_ y —_— y + y - v — V e
dt (Byv> Byv v ayv P ayv T 8yv Byv} Byv
p . VS
+ 5;;-V sina +p-—v . (39)

All of these equations (34) to (39) are contained in the F4DERY Subroutine, of

the lateral program, relating the arrays DY and Y .

The instrumentation is assumed to be a sideslip vane, situated at a
position (x3, Y39 23) relative to the CG, roll and yaw rate gyros aligned with
the x and =z axes respectively, and a lateral accelerometer at (Xl’ Y Zl)'
Any information from the longitudinal response is used directly in equations
(34) to (36), depending on the instrumentation installed. The computed

instrument readings, (PI) , are given by:

g° = 57.3{v A x3(r + re) - z3(p + pe)}/V + EB (40)
p/s = 57.3{p + pe} + Ep 41
r /s = 57.3{r + re} +E_ (42)
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a, = {yvv RARSARS ARG S ESIILRCES RS

- yI[}p + pe)z + (r + re)z] + zl[qe(r + re) - ﬁ]}/g + Eav + aYe . (43)

The partial derivatives required to calculate the necessary changes to the
parameters, that is the fki defined in equations (8) and (14), are evaluated
in the MATHMODEL Subroutine, together with the computed instrument readings

listed above. For example, F(l,1) 1is given by

a8 v or dp
— = 57'3 —— X, —— F e V .
v {Bvo 3 Bvo 3 Bvok/

5.2 Data inEut

The data required for the running of the lateral program is listed in
Table 2, with the units (in this case Imperial) and format used. Information
on the sources of the data, use of labels, etc. common to both programs is

given in sections 3.2 and 3.3.

The print out of a typical set of data input cards is given in Fig.6 for
a computer run to analyse initially for 7 parameters, using the whole of
the observed data, followed by analysis for 13 parameters. The maximum number

of iterations is set at 7 in each case.

It may be of interest to note that the Dutch roll oscillation was
initiated during a diving banked 3i-~g turn. The rudder record was not available,
and so the free oscillation is analysed, in the presence of small aileron inputs,
and small changes in angle of attack. These are shown in Fig.7, as taken from

flight records, and are not part of the computer program's graphical output.

5.3 Output

An example of the output is given in Fig.8 and results are shown in Figs.9
and 10 resulting from the input of Fig.7. As described in section 3.4, the
first blocks of output are a repeat of the data input, the first result of the
analysis being SIGMA and the DEGREES OF FREEDOM, followed by the up-dated values
of the parameters at the end of each iteration cycle. At the third iteration,
the solution has converged, for the first seven parameters, Vs Pgs Tgs ZV, n_,

Ep and Er , and so the observation and calculated instrument readings are

plotted, as shown in Fig.9. At this stage, the frequency is determined



25

reasonably well, but the initial guesses of the remaining derivatives do not
give the correct damping. The analysis continues automatically, to include the
first 13 parameters, that is, up to zg , using the results of the first
analysis as initial values for the first seven parameters. Convergence is
achieved after five iterations, and so the final matching is listed and plotted

(Fig.10).

It will be noted that the number of degrees of freedom remains constant at
157 during the first analysis, decreases to 151 at the beginning of the second
analysis because of the six extra unknown parameters, and then decreases to 147
during the second analysis because one residual in instrument reading is greater
than 40/(XS(I)(MD*ND)%) . The data at this time is rejected, and the residuals
are not listed, so that inspection of the listing shows this to occur at 2.5 s,
The neighbouring residuals in B and ay are both large, but Fig.l!0 shows that
ay is the critical instrument. Even so, the match obtained is good, and the
values of the derivatives are acceptable, with fairly small likely errors
(denoted by the DELTA's). The possible exception is Yy 2 where DELTA is 257 of
Yy o and this large uncertainty is probably related to the noise apparent on the

B record (Fig.l10).

6 BRIEF SUMMARY OF CURRENT APPLICATIONS OF THE PROGRAMS

The longitudinal and lateral versions are being successfully used to
identify stability and control derivatives of the Hunter aircraft, which is
being flown for the design and testing of manoeuvre demand systemslo. The trim
conditions are steady horizontal flight at a number of speeds and heights to
cover the operational angles of attack and Mach numbers. The control inputs
used to excite the longitudinal response were two-sided elevator pulses or
arbitrary sequences of small elevator movements about the trim position. For
the lateral response, both rudder and aileron two-sided pulses were applied, and
also arbitrary sequences of both controls simultaneously. The results will be

published when the work is completed.

The lateral program is also being applied in the investigation of the
wing-rock phenomenon (i.e. uncommanded lateral oscillations occurring at high
angle of attack) on the Gnat aircraft. Responses have been obtained of Dutch
roll oscillations throughout the angle of attack range up to the onset of wing
rock, by application of double-sided rudder pulses during diving banked turns,
over a range of Mach numbers. It is hoped to establish the variation of the

aerodynamic derivatives with angle of attack, and to see if the linear
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mathematical model of the aerodynamic forces and moments is valid for the wing
rock oscillations. Some interim results are given in Ref.ll, which also
describes the parallel work on analysis of flight responses being done at
Cranfield Institute of Technology and British Aircraft Corporation (Warton

Division).

In the course of the work described above it has only been possible to
experiment with the programs to a limited extent, so that properties such as
radii of convergence have not been established. The procedure usually adopted
has been to concentrate first on one or two typical responses from a series of
test flights, doing a number of computer runs until a satisfactory fitted
response is obtained with acceptable values of the parameters. As stated
previously, it is advantageous to determine the derivatives primarily influenc~-
ing the frequency first, when their first guesses can be fairly crude and the
damping derivatives only need to be of the correct order of magnitude to retain
convergence. The choice of control derivatives to be determined is governed by
control usage. The parameter set is then extended progressively taking in
derivatives which are thought to have a significant affect on the responses, to
see if results are acceptable, the criteria being (i) DELTA values (likely
errors) appreciably smaller than parameter values (ii) elements of sensitivity
matrix not too small relatively (iii) each parameter is converging throughout
successive iterations. (Two unsatisfactory characteristics may become apparent
due to ill-definition, either monotonic changes in the parameter values often
with increasing increments or switching between two distinct values.) Having
established a set and order of parameters which gives satisfactory values, then
the other responses are analysed using the same set and order, to test for
consistency of results over the angle of attack and/or Mach number and/or height
ranges. In such a series of computer runs the weighting matrix is usually kept
unchanged, unless the amplitude ratios of the responses change markedly. A few
tests have been made with different weightings, with the expected effects that
the likely errors in the parameters directly affected by an increased weighting
become smaller, and other likely errors increase. The effects on the values of

the parameters themselves are inconclusive.

7 CONCLUSIONS AND POSSIBLE EXTENSIONS

From experience gained in using the programs, it appears that the response
of 'standard' longitudinal short-period and lateral Dutch roll oscillations can

be analysed readily, if the flight records are in digital form. More of the
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records can be used than are amenable to treatment by vector analysis methods as
any small cross-coupling effects can be incorporated, and the control inputs are
included in the mathematical model (provided that the control surface deflec-
tions are recorded). Much of the experience gained in analysing flight records
by hand has, however, been applied in the development and use of the RAE
programs, without too much emphasis being placed on the statistical information
produced. It is hoped that the computer programs developed at Cranfield
Institute of Technology5 under MOD(PE) contract, which use more sophisticated
techniques, will become available in FORTRAN, and so it is not envisaged that
effort will be given to updating the statistical computations of the RAE

programs in the near future.

Some extensions to the mathematical model of the motion are planned, one
to include aerodynamic nonlinearities to use for the wing rock responses, and

possibly another to include significant flexible modes.



29

ABEendix A
DETERMINATION OF STEADY FLIGHT CONDITIONS AND INSTRUMENT OFF-SET ERRORS

Both computer programs identify the aerodynamic derivatives from a
mathematical model of the motion in terms of perturbations about a trim state,
which must be defined in the input data. Most flight tests are made in steady
level flight, to determine the aerodynamic derivatives at one~g conditions, but
it may well be that there is a need to know the derivatives at higher angles of
attack. To achieve steady conditions of over one-g the flight tests have then
to be made during banked turns, possibly diving turns to maintain speed.

Methods of calculating the trim state are presented in this Appendix.

It should be noted that a 'pull-up' is not a steady trimmed state, as the

angle of attack changes continuously to maintain constant normal acceleration.

It is usual in the flight tests to have a section of records taken whilst
in the trim state just before the pilot initiates the control input to give
the required transient response. These records give the steady instrument

readings referred to below.

Al Steady, level, symmetric flight

The trim state for steady level symmetric flight is trivial as

a = = cos o = -1.0 =

z e

e
a = sin o
X

e

RS
Ve T Po T 4 = I, % 0
_ 0 - . ..

@e 0 . a, by definition ., J

If the steady instrument readings do not agree with the above, then their

readings are the instrument off-set errors, e.g.

Eq = ¢q (instrument reading)

when an incidence vane is included in the instrumentation then it has to be

assumed that it has no zero error, so that
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w, = Vsinoa  , (A-2)

where V and a, are the steady instrument readings. With no incidence vane,
the further assumption has to be made that the lift due to elevator deflection

is small, and that tunnel measurements exist for CN , or C_ and CD s then

L

CN(ae) = mg/%pVZS gives the value of a, s (A-3)

where CN is normal force coefficient. (Equation (A-3) gives more acceptable

results for a, than either of the first two equations of (A-1).)

The instrument offset errors on the deflections of control surfaces may be
assumed to be zero, since the equations of motion in the analysis only use
perturbations in control angles. Thus the steady instrument readings are

interpreted as the trim values Ee, Ngs Ce .

A.2  Steady diving turn

At first sight, it would seem sufficient to use the steady readings of the
instruments before the excitation of the transient motion as actual datum values,
but these steady readings include both zero errors and the trim state, which have
separate contributions in the mathematical model. Experience to date indicates
that rate gyros do often have significant off-set errors, which may vary with
the normal acceleration being pulled, so that Pes dgs T, cannot be taken
directly from the steady instrument readings. Instead, a mathematical model of
the trim state has to be used, which is compatible with that for the transient

motion, and which can be solved in terms of some given trim values. The

equations of motion for a steady co-ordinated turn, (Ye = 0) , are:

aXeg - g sin GL = qW, " TV, (A-4)

g sin @e cos Cg = T U, TPV, (A-5)
azeg *+ g cos @ cos G% = PV, T .Y, (A-6)
P, = - Qe sin GL (A-7)

q, = 0 sin o, cos Cg (A-8)

r, = Qe cos @e cos Gg . (A-9)
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In the following solution it is assumed that:-

vV = 0 , maintained by use of thrust and dive angle
(A-10)
v, = 0, 1i.e. zero sideforce is approximated by zero sideslip
%E is obtainable from flight records, and V_, a and w_=V_sin o are
t e’ "z e e e

e
known from instrument readings which have been corrected for known off-set

errors, neglecting the small contributions due to instrument displacements from
the CG. The solution of equations (A-4) to (A-9) is obtained by introducing
the attitude angles relative to flight path, suffix 'a', where for

v =V sinB =0, then7
e e e

sin C; = sin Cg cos o + cos GL cos @a sin o, (A-11)
@ = @ - 1 ™Y 1 -—
cos O cos @e cos O cos ®a cos o ~ sin Cg sin a (A-12)
cos Cz sin = cos Gg sin o . (A-13)
Then
sin ® = EE-V by definiti
. Tt Vo » v definition, (A-14)

giving Cz , negative for a dive.
Equations (A-5) to (A-13) are combined to give

- cos ® cos a
a e

® = 5 < -
cos %, (a, = sina_sin ©) ’ (A-15)
e e a

where the sign of @a is determined from the directions of the turn. The

resultant angular velocity is obtained from equations (A-5), (A-7), (A-9)

a, = -‘i—tan o, (A-16)

and the attitude angles @L and @e follow from equations (A-11) to (A-13) so
that finally equations (A-7), (A-8), (A-9) are used to give Pe> do0 Tg -
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It is possible to obtain the trim stat
and a, for their positions relative to the

the corrections are usually small.

Appendix A

e including the corrections to a

Ze
CG, by an iterative process, but

The required relationships are:

2 2 7
a |x ,y ,z = a_ (0,0,0) +prx +qry - (q +r )z
ze<.az’ a,’ az> z, '’ eea, ee’a, e e/ a,
and > (a-17)
W, (xys¥y02) = w (0,0,0) - qx +py, -
o
If there is no incidence vane, then the tunnel data has to be used,
usually from CN - v - o plots, where
C.,(ac ) = - mga %pVZS . (A-18)
N'e z,

As for the steady level flight condition, the steady values of control

angles as recorded may be used to give £e, Ngs Ce directly.

A.3 Application in computer programs

The values for the steady conditions defined in sections A.l and A,2 are
used for the data input in the arrays YIN and DTM, as listed in Tables 1 and 2
for the longitudinal and lateral programs respectively. The initial guesses

for the instrument off-set errors, Ep , etc., are obtained from the actual

steady instrument readings and the calculated trim values. Care must be taken
to use the units specified in Tables 1| and 2, as both deg/s and rad/s, and

both linear velocities and angles of incidence occur in the programs.
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AEEendix B
APPROXIMATIONS FOR FIRST GUESSES OF AERODYNAMIC DERIVATIVES

The methods of estimation given below are suggested for use at the
beginning of a series of flight tests, when the first flight records are being
analysed. Interpolation or extrapolation of previous results usually give
adequate values of derivatives for the analysis of a majority of the flight

tests.

B.1 Longitudinal derivatives

Theoretical estimates for most of the derivatives can be obtained from the
Aerodynamics Data Sheets of the Engineering Sciences Data Unit]2 or the USAF
Stability and Control Handbook (Datcom)lB. To the degree of accuracy required,
it is usually sufficient to include only wing and tailplane contributions, with

downwash.

Wind-tunnel results are often available to give good first guesses for the

derivatives due to angle of attack, (in notation of Ref.7)

dc
5 o~ - L _
Z, e , (3-1)
- dc,
Mo~ &0 (B-2)
w %, do

Alternatively, examination of the response records may be made, to obtain
al\

rough estimates of the frequency, , amplitude ratio, I?f- and damping,

W
SP
expressed as time to half-amplitude (T,)SP , of the short period oscillation.
3

Then the following approximations give the most important derivatives:-

I
fpsSV 2
v ~ mg az
Zw T 2 | o (B-4)
fosv
i log 2
Ay o~ o e (B-5)
O T—_ .
1y W ;pSV (T%)SP
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The control derivatives may be obtained from the measured initial accelera-

tion in rate of pitch, éO , due to a near-step in elevator, An , where

v oo . 2

Mn Iqu jpsv 2] . An (B-6)
and

v 9’] v

Zn ~ z-r; MT] . (B-7)

B.2 Lateral derivatives

The theoretical estimation of lateral stability derivatives from Refs,12
and 13 should include contributions from the various surfaces, as suggested in
the table below. The derivatives np and ﬁr (notation of Ref.8) usually
have to be the best estimate available, including all surfaces and interference

effects, as they are not often obtainable from the analysis of the flight

records.
Derivative/surface | Wing | Tail | Fin | Body Other
- - / J -

Yy

2, Y - Y - Wing/body
n - - Y Y

v

2 v/ / ? -

n - - v/ v

r

Wind-tunnel results are sometimes available for the sideslip derivatives.
Alternatively, the measured Dutch-roll characteristics give approximate values

corresponding to the relations above for the short-period oscillation:

z 2
n = w (B-8)
v pSst DR
o a
b, o~ -2 |y @)
pSV
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n log 2
2 ~ 2 e mg |p
Temst iy, ¥ - Smmy— - —3 |8 - (B-10)
zv Ix P
= ~ -1 [E (B-11)
v z
I P
RE g IE for step AE 1in aileron (B~12)
pSV's
I 1’:0
n =~ - 22 T for step Az 1in rudder. (B-13)
° pSV<s °F
If the roll subsidence is apparent, then
Ix loge 2
L= (B-14)

P pSVs2 (T%)roll

These relationships assume that the cross—derivatives Qr’ np, Qc, nE are
negligible and that the angle of attack is not large, but should usually give

reasonable first guesses to start the iteration procedure.
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Appendix C

FORTRAN COMPILATION BY RXEFAT MK .4C DATE 20/09/74 TIME 06/18/20

0001
0002
0003
0004
0005
0006
0007
ovoa
0009
010
0011
0012
V013
0014
0015

LIST(LP)

LIBRARY (SUBGRUUPSRF?) pL
LIBRARY (SUBGROUPSRGP) PL
LIBRARY(SUBGRUUPS=RS) pL
LIBRARY (ED,SUBGROUPFSCE.SUBROUTINES)

PROGRAMCASIE)

COMPACT DATA

OUTPUT 2,102sLPY

INPUT 103s(RO

USE 1,101=ED1/FORMATTED/1¢28
INPUT 3=1R0

QUTPUT 4=/NONE

OUTPUT 5aTY0

TRACE 0

END

37
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0016
0017
0018
0019
0020
0021
0022
0023
0024
oovas
0026
voer
0028
0029
003¢
0031
o3z
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
V064
0065
0066
0067
0068
00069
0070
0074
0072
0073
0074
0075
0076
0077
0078
007%

Hnoun

Appendix C(cont'd)

MASTER LONGITUDINAL PLOT

INTEGER P+PF,PM,PC,5D,@

DIMENSION PICI0),Y(100),FY(10,25),DYC100),HQC100).,8P(242).,CWD(25),
1PS1C625),EC25) ,TIMECIV0),0BS(D ,100),XSC10),XM(22)¢XX(22) + XECL2) X
2€22),0P(22),2¢3,22),2D(3,22),0RDER(22),XP(L2),AC(12),DTM(10),

3 YINCS5),ITD(100),PARAMC20), XCC20),COBS(100,6,2)

DIFENSION FAFC2U0, ,DPI(4.25) PL

CONMON/COMP/PE. . Y+BY WA, SP:ABsCoD,FiGiH,U,V,U,C1,C2:,03,C4,C5,C6,FY
1+RHOyRHOV/PHI+SG,CG,SPHI CPHI TP, TG, TR/
2NORME/PST s OUDE/DATA/ITM, IT,MDsLC+SD,QsHMAX/ACF,REJP,PF,PMsN/NF,
3NT/PC,AC/PB,DTM/YIN/TO, XA+ COBS,0BS+XSsNGAP/

b MCDEL/XE+X XX+ XMsJP,ORDER/BXs/BY'BZ,EX/EYIEZ,ND/,XP¢ES(22)

COMMON/AVICNIC/XMAV(20) ,RUNAME /MDO

COrMON/GRAPH/FITC4,100),TDC100),TITLEC10) +FIRSTIME,JPLOT,IPLOT, PL

1 TAXIS.TMOVE PL
EQUIVALENCE(COBS(1,1,7),TINECT))
DATA PARAM/BHTHETAC ,BHWO +8HQO +8HUO sBHXMW

1,84XQ rBHXU 1BHX ETA +BHZW 18HZQ 18HZV

2 +8HZ ETA 1BHMW sBHMQ . +8HMU +8HM ETA +BHEQ

3 +BHEAZ +BHEV (BHEALPHA /
DATA PTI/5KHSIM 3/
JPLOT=U PL
CALL GFIN

PRINT PROGRAM MABE AND HEADINGS
CALL DATE(TGDAY)
1 WRITE(2,2) TODAY
¢ FORMATC('T LONGITUDINAL ANALYSIS FOR FULL=SCALE A/C'/
1 G.W.FOSTER,AERO,DEPT. R141C."',6UX,"RUN ON.."',A8/ )

READ DATA AND PROGRAMFE CONTROL PARAMETERS
3 CALL DATAREAD
SET PRINT COHYROL AND TEST FOUR SIMULATION MODE
4 PCmQ
5 DO 50 Ix1,20
200 XCCJPC(IIImXMAV(IdwXCJP(I))
350 CALL CUPYB(CRDER(JP(1)),PARAM(I))
WRITEC2,90) (CORDER(JIHIT) ¢Jd181,5),(XCJ*J1),V181,5),
1 (XCCI+J1) d121,5) (CWDCJ+JT1) 1 dT1m1,5)¢J®0,15,5)
TEST FOR INITIAL PRINTOUT
IFCIT.EQ,.0)G0 TO 6
TEST FOR FINAL PRINTOUT
IF(PC.NE,1)GO Tu 7
TEST FUR FINAL NUMBER OF PARAMETERS
IF(P.,EQ.PF)GC TL &
CHECK VALUE OF ITEKATION COUNTER
IFCIT.GT.ITMYIGO TO 6
PupPF
NuNF
MD®Z#MD
pCmQ
I1T=1
60 10 7
WRITE MAIN HEADINGS
6 IFCIPLOT.NE.1)WRITE(2,92)
IFCIT.NE.OJGO TOU 7
CALL RUNOQUT (4)
WRITECL,97)PT1,1:D
97 FORNAT(IX AS//1Xe14)
SET UP INITIAL CONDITIONS
7 CALL INIT
CLEAR JLATRIX STGKES AND SET COUNTERS
$D=y
Ss9
Jupwp

Ve s,

101

N © wyoue

20
160
170

200
210
220
230

280
290
300
310
320
330
340
350
360
365
370
380
390
400
410

430
440
450
460

480

ron
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Appendix C(cont’d)

C

C
c

8
4

830
MA
10

201
CA

TE
11

N=g

pO & Im1,J

PSIC(IImQ, 0

PO 9 Is1,K

cCWp(12=0.0

SIGHA=U, U

NAPRO

DO B30 I=1,4

PO B30 J=1,2%

DPI(1,4)=20,0

IN LOMPUTING CYCLE SETTING UP NORMAL EQUATIONS
PO ¢ Qm2sMD
IFC(MOD(QsT0)EW. 1) AND, CIT . EQ,0.0R, (PC.EQ.1.AND.IPLOT.NE.1)))
1 WRITEC2+501%)

FORI AT(1H )

LCULATE MODEL PREDICTIONS AND PARTIAL DERIVATIVES
CALL MATH PODEL
ST ERRORS AND C(ALCULATE RMS

Jul

ERs0,0

DO 1¢ ImTeND

ECL)n(OBS(CI,J)=PICI))"XS(])

2EU®ABS(EC(I))

IF(ZED.GT,REV)IGO TC 2&

ERBER+ECII*E(])

SILIARSTIGHA+ER

SDESDeND

NAPENAP#+1

C TEST IF PRINTING OF RESIDUALS IS REQUIRED

¢
¢

[ BN ]

C

C

AD
SUM

FOR
AN

40

1012

41
1013
F1

CHK
106

1011

TFCIT.EQ.O.CR.(PC,EQ,1.AND.IPLOT.NE.1)IWRITE(2,93)CECI),1®1,ND)
D TO EACH ELEMENT OF NORMAL EQUATIONS

OVER INSTRUFMENTS (°DO 22' LOOP SUMS OVER TIMES)
DO 21 Le1,ND

EACH ROW....

DO 20 I=1,p
PFOR EACH COLUMN TO LEFT OF DIAGONAL..sy.

DO 19 Jm1,1

KDs(I=7)*pey

KDTm(Jy=1)wPa]

PSICKD) ,PSI(KDT)ZPSI(KDI+FY (L sTI*FYCLodIWXS(L)nwd
CONTINUE

CWDCI)RFY (L, I)#XSCLI*ECL) + CWD(ID)
PPL(L/I)EDPICL I)SFY (L)1) w2

CONTINUE

CONTINUE

CONTINUE
IF((PC.NE.T,AND.IV.NE.O),QR.NAP,.EQ,0)GOTO 106

DO 40 L=1,ND

DO 4U Isl,P
PPL(L,/1)=ABSCXCII#SQRT(DPICL,I)/NAP))
WRITE(Z,1012) NAP(FD,ST

FORNATC(1HO/THU,13,% OUT OF ', I3," POINTS ACCEPTED',10X,'DEGREES OF
1 FREEDUM '+13/°'U RMS SENSITIVITY MATRIX*/1HO 13X THQ, 9K, 2HAZ,8X,

11HY, 7TX,5HALPHA /)
DO 4% I=1,P
WRITE(Z2,1013) ORDERCI)(DPICL/I) Le1,ND)
FORKILAT(IH A8, 4(2X,F8.3))
NISH IF FINAL PRINT OUT
IF(PC.FQ,12G0 Tu 28
ELK FOR SUFFICIENT DATA ACCEPTED

IF(P.LT.SDIGN Tu 80O

WRITE(Z2,1011)SD

FORBATC'O MOT ENOUGH DATA LEFT Sb=',15)
TFCIPLOT.EQ,03G0 TC 28

IPLOT=UY

CALL HGPSYMBL(0.0,0,0,7,0,TITLE,270,0.20)

Fa SR T AN R VY PR P Y NOMAUMAT FUHANAD NATA T EFY 3TN A INDN

39

arv
500
510
520
530
535

540
350

560
570
580
590
600
610
620
630
64

650
660
670

750

RMSSENSE

RHMSSENSE

PL
PL
PL

~e

950
960
970

23
24
25

X3



40

ViNy
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0164
016%
0179
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
01485
0186
0187
0138
0189
01949
0191
0192
0193
0194
0195
¢196
0197
0198
a19¢
02Vl
0201
0202
0203
0204
0205
0eoeé

END OF SEGMENT.

Appendix C(cont'd)

VRRE NUFOIFBLAV VI~ 101 eVIEVIIRVE ENVUUN VAIA LETIPCIVVIGY/
CALL HGPLOT(0.0,0,0,3/0)
CALL HGPLOT(-1.0,0.0,0,4)
CALL HGPLOT(O0.0,0,0,3,0)
GO 10 28
80 CONTINUE
¢ RESET DATA REJECTION LEVEL
REJ=SQRT(16%SIGHA/SD)
C SULVE NORMAL EGUATIONS
CALL SOLNORM(P,SI1GMA,SD)
C INCREASE ITERATION COUNTER
1Te1T+4
C IMPROVE PARAMETER VALULES
DO 25 Iwm1,P
25 XCI) =X (I)+ECT)
DO 30 1m1,20
Kadp(l?
30 XX(I)ax(K)
C PRINT SIGMA AND NO OF DEG, FREEDOM
WRITE(Z,94)S1GFA,SD
C CHECK FOR MAX MO OF ITERATIONS
IFCITM.GT,IT)GO YO 26
pPCa1
60 7O 35
C CHECK PARAMFTER CHANGES
26 DO 27 1m1,¢0
IFCJPCI) ,GT,PIGO TO 27
ERmACF*XEC(])
TF(ABS(EC(JIP(II)) 6T, ER) GO TO 5
27 CONTINUE
WRITE(2,1010)
1010 FOKNAT('0 CHANGES FOR FOLLOWING PARAMETERS ALL SMALLY)
PCr1
60 T0 5
C IS THEKE ANY PLCTTING 'WANTED....
28 IF(IPLDT.EQ,U0)GU TC 98
DO 1401 INSE1,ND
DO 1¢00 II®4,pD
FAF(I1)=0BS(INS,11)
1200 FAF(II+MD)®FIT(INS,II)
CALL HGPLOT(0.0,22.0,0,4)
CALL AXISCALEC(FAF,2%MD=1,XMIN/DX,INS)
CALL PLOTCTIDC1)FAF(1),TD(2) +FAFCHD*1) +MD,0.25,0.25)
IFCLODCINS,2) . EW,0)CALL HGPLOT(~TMOVE ,=44,0,0,6)
1¢01 CALL HGPLOT(0.0,0.0,3,0)
IF(HOD(ND ,¢) ,EQ.1)CALL HGPLOT(=TMOVE,=22,0,0,4)
CALL HGPLOT(0.0,0,0,3,0)
98 IF(LC.LT.2)GCTO1
99 IF(JPLOT,EG,Q)STOP
CALL HGPLOT(0.,0,0,0,0+2)
CALL HGPTAPE(L,12H 10:040)
STLP

90 FORHATC(IHO 4 (/TH +10X/5CAB.3X)/TH VART, +5(F8.,3,3X),16H;NON=DIMENS
TIORAL/AH (X, 5CIRCIFELDTH) L 4X),OH AVIONIC/?H DELTA ,5(F8,3+¢3X)/)

2)

92 FUKNATC(OHU T(SECS) ,SXK,/3HETA,10X,1HQ,11Xs2HAZ, 7X/YHAIR SPEED s &X/

1 5HALPHA/SX,15(1H=) ,TEHERRORS IN MATCHING »15C1H=)/
2 MK s76X THG 1 1A/LHAZ: TXe9HAIR SPEED/4X¢SHALPHA)
93 FORMAT(IH+ 70X, 4(3X,F9.5))
94 FORMAT(YHUSIGMA = ,F6.4,22H DEGREES OF FREEDOM = ,13//)
END

LENGTH 1054, NAFE LONGITUDINALPLOY

v
PL
PL
PL

PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL

v
a7
28
29

990
1000
10190
1020
1030
1040
1050
1060
1070

1080
1100
1110
1120
1130
11460
1150

1190
1200
30
40
50
60
70
80
90
100
10
120
130
140
150
160
1790
180
190

1280
1490

TR 75090 FS
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Appendix C(cont'd)

0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
02gv
0221
0222
0223
0224
02¢5
0226
02e7?
G2y
022°¢
0230
0231
0232
0233
0234
0235
0236
0237
0234
023y
0240
0241
0242
0243
0244
0245
0246
0247
0248
024°
0250
0251
0252
0253
0254
0255
0256
0257
0258
025¢%
0260
0461
0262
0263
0264
0265
0266
067
0268
020%
02zu

<

RE
1
80

RE
81
é
REA
3
84
85
RE
86

87
RE

88
RE

4
ay

90
RE

5
93

94

RE

96
REA

105

2¢
21
EV

SUBROUTINE DATAREAD
INTEGER P,PF,PH,PC,SD,C
DIFENSION PICIU),YC100) FYC10.25)¢DYC100),HQC100),SP(242),CWD(25),

1PSIC625) +EC25) , TIMEC100),0BS(5 ,100),XSC10)1XM(22) 1 XX(22) 1 XECLR) ¢ X

202¢)dP(22),203,22),20(3,22) ;0RDER(22) ¢XP(22)sACC12)DTM(T0),

3 YINCS),ETD(C100) +COBS(100.,6,2)
CUPMONICONPIPI:YvDV:HQ:SP:A:B'C:D'F1G1H0U1V1U1C1ICZICS'CﬂocsocérFV

1lRHOIRHOVIPHIrSQICG:SPHX:CPHIlTP'TQ'TR/

ZNORME/PST UWDrE/DATA/ITH 3T, MDeLC/SD/Q/HMAX,ACF,REJ/P,PF,PM/NINF,

INT/PCIAC,RB,/DTHIYIN,TO XA, COBS,0BS, XS/ NGAP/

4 MODEL/XEsXeXXsXMoJP,ORDER/BX+BYBZ,EXsEY)EZ/ND/XP1JES(22)
COM.ON/AVIONIC/XMAV(20) ;RUNAME,MDO
CORMON/GRAPH/ZFITC4,100),TDC100),TITLECT0) +FIRSTIME.JPLOT,IPLOT,

1 TAXIS,TMOVE
EQUIVALENCE(CUBS(1,1.1)/,TIME(Y))

AD ENTRY LABEL (FROM COLUMN 1)

READ(1,80)L
FORITATCIN)
IF(L.EQ,U)GC TO 1

AD DATA TITLE (FROM €OL.2 OF NEXT CARD)
READ(1,81)T1TLE
FORIAT(10Al)

WRITE(Z2,81)TITLE

GU TO (152+3,4¢5:047:8:s9)0L
D INSTRUNENT POSITICONS....

READ(1,86) (AC(I),181,9)

FORMAT(3F10,3)

WRITE(2,85)(AC(1),121,9)

FAORMATC21HUINSTRUMENT POSITIONS / SH X1:8X2HY1 18X, 2H27.8X,

1 ZhX2s8Xs2HY2 8K 2HZ2 18X gHX3 BX)2HY3,8X2H2Z3/1H ,YLF7,.3,3X))

AD FODEL CONSTANTS
READ(1,86)(SPK1).I=1,4)

FORHAT(4F140,3)
WRITE(Z2,87)(SPC1),1=1:4)
FORNATC(SHO  IY M1XsTHMiOXTHS,5Xs4HCBAR/ F12.1:2F10.1,F7.4)

AD PARAMETER ACCURACIFS
READ(1,58) (XE(I),121,20)

FORINAT(BF10,3)

AD AND PRLINT NUMBER OF INSTRUMENTS
READ(1,89)ND
FORAT(12)

WRITE(Z2,90)ND

FORMATC2SHUNUMBER CF INSTRUMENTS = ,I1)
AD INITIAL CONDITIONS ETC.

READC1+S3)T0,YIN,DIM

FIRSTIME=IFIXC(TO)

FORMATCOFTIU,4/8F10,4/2F10,4)

WRITE(Z,94)T0YIN,DTV

FORNATCIHO 74X s 2rTO 18X 2HVT 17X, SHRHO9XTHG/TH « 3F10.3¢ F10,1,

1 F10.7,F10.2//701H THETA.TRIM W,TRIM Q,TRIM U.TRIM PHI.TRIM

2RIM  ETA.TRIM P.TRIV R.TRIM AZ.TRIM ALFA.TRIM /1H +10F10.6
3)
AD MUDEL PARAMETERS
READ(1,96) (XX(1),1m1,¢0)
FORMATCEFTIU. &)
D ORDER ARRAY.....
READ(1,105) (UF(I),181,20)
FORIAT(201UV)
DO 21 Ix1,16
JES(I)mJP(I)
DO 22 I1E=17,20
TFCUPCIC) LT JP(I))JESCI)mJES(I) =1
CONTINUE
ALUATE MUETIPLIERS XM

PL
PL

PL
PL
PL

PL

41

1500
1501

4 ~Oow

1560
1570
1580
1590
1600
200
210
220
1640

1661
1662
1663

1670

171¢

1742
1720
1721
1722
1723
1726
1740
1741

230

1760
1752

1760



Appendix C(cont'd)

42

vei NRVOISETAINLRINYANCEI®OFAD)IC WV

0272 XHC5) s XMC7) , XM(Y) o XM(19)=HRVS/SP(2)

0273 XMCO6) s XMCIU)SHRVS*SP(4)/SP(2)

0274 XM(B) +Xh(12)SHRVS*YIN(2)/SP(2)

0275 XHC13) 4 XMCIS)mHRVS*SP(A)/SP(1)

0276 XM(T16)mHRVSwSP(4)w*2/SP(1)

0277 XM(16)BHRVS#SPCAI*YIN(2)/SP(1)

0278 DO 41 Im1s4

0279 XM(10+1)=1,0

0280 4% XMi1)=1,0

0281 D& 42 Im1,¢0

0282 42 XHAV(I)mXM(])

0283 XHAV(13) eXF (13)wYIN(2)

0284 XMAV(15)sXF (15)wYIN(2)

0285 C READ PROGRAM CONTROL PARAMETERS 1770
0246 6 READC(1/S7IREJ,ACF HMAX P¢PF,ITsITM./LC

0267 97 FOURMATC(3IF10,4/510)

0288 WRITE(2,98)YREJ/ACF, HPAX P +PF,IT,1TH 1773
0289 9B FORMAT(BHO E MAXs/6X,8HACCURACY 3X,7HDELTA T/3F10.4//28H INITIAL N 1774
0290 10 GF PARAMETERS & ,12,2X1T1HFINAL NO = ,12//17H INITIAL ITRN, » , 1775
0291 2I2/9X+16HITRN. HAXIMUM = ,12) 1776
0292 C CALCULATE N AND NF...,

0293 NRSwp+b

0294 NFRInpFe6

0295 DO 52 1L=17,20

0296 TFCJPCIE) JLE,PINEN=3

0297 52 1FCIPCIE) . LE.PF)NFRNF=3

0298 € READ SCALING FACTORS 1780
0299 7 READC(1+99)(XSC1),In1,ND) 1781
0300 99 FURMAT(7F16,2) 1782
0301 WRITE(Z2,100)(XSCI),Im1,ND) 1830
03u2 100 FORPAT(ITIHUSCALING OF/5X,THQ,BX,2HAZ 9N, YNV 7X, SHALPHA/&4F10.2//)

0303 C IS THERE ANY PLCTTING NEEDED.... PL 240
0304 READ(1,401)L,IPLOT PL 250
0305 401 FORMAT(11,11) PL 255
0306 IFCIPLOT,EQ,0)G0 T0 2 PL 260
0307 IFCJPLOT.NE,0)GOTO 400 PL 270
0308 C BEFORE FIRST PLOT OPEN TAPE... PL 280
0309 CALL HGPTAPE(U,T2HFLT DATA FI17,0.,0,7) PL 290
0310 CALL HGPTAPE(1,12H ¢0,0,0) PL 300
0311 CALL HGPLOT(U.0,0,0,16,1) PL 310
0312 CALL HGPLOT( 0,0,2.,0,0,4) PL 320
0313 CALL HGPLOT(0,0,0,.0,3,0) PL 330
0314 JPLUT = PL 340
U315 C BEFORE LACH SET OF DATA PLCTTED START NEW PICTURE.., PL 350
0316 400 CALL HGPTAPE(1,12H 10,0,0) PL 360
G337 CALL HGPLOT(-4.0,0.0,0,4) PL 370
4318 CALL HGPLOT(0.0,0,0,3:0) PL 380
031y 60 TO ¢ 1792
032v [

0321 8 READ(1,20U0)nGAP,YF ,IL

03¢¢ NGAP=MINO(NGAP ,6)

0323 200 FURMAT(IZ,F8.4,11)

0324 TLeIL+1

0325 G0  TO (304,301,302),1L

0326 C NEW DATA LATER ON PRESENT TAPE,srvss

0327 302 MDU=MDO~MD

0328 GO TO B88&Y

0329 C NEW PAPER TAPE TO BE LOADED

0330 301 CALL RLEASE(3)

0331 WRITE(S,310)

0332 310 FORPBAT(' PLEASE UNLOAD PAPER TAPE.,LOAD NEXT ONE' )

0333 PAUSE

0334 300 READ(3,202)RUNAME +¥FDO

0335 202 FORMATCIX I AS//1%,14)

0336 888Y WRITE(Z,207)RUNAME/MDO
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Appendix C{cont'd)

v
0338
V339
U360
0341
0342
0343
0344
0345
0348
0347
0348
0349
0350
0351
0352
0353
0354
6355
u3se
(357
0358
035¢

0360
03061
0362
0363
0364
0365
0366
0367
03068
0360
0370

END UF SEGMENT,

[ 2

<08
C REA
su88

210
212

¢14
406
13
203
213
4«02

C EN
4

10

1

LENGT

FURNLRIANEYNY 1AaFL AVENTAFLGEN IRIPINAIILNUAINVINAL NVRDER UTr PAIA rV

2INTS s 14)
WRITE(CZ,208)NGAP

FORMAT(12HOCNLY EVERY +14,11H POINT USED)
D DATA

READ(3,203)TIME(1),0B5¢1,%),085¢2,1), COBS(1,4.,2)
IFCTIME(T).GE.TUIGOTO 210

MDUEMDO=-1

G0 TO 8388

mMD=1
IFC(MD*NGAP+1),GT ,MDC,OR, TIMECMD) ,GE, TF,OR.MD,EQ,.100) GOTO 215
T1F(NGAP,EQ,1)60 TO 213

DO 214 NN®Z,NGAP

READ(3,206) CUBS(MD,NN/1),COBS(MD/NN¢2)
FORMATC/F7.5,18%¢F9.5)

MDeID+1

READ(3,203) TIME(MD),O0BSC 1,MD),0BS(2,MD),COBS(MD,1,2)
FORKATC/F7.3:3F9.5)

GO0 TO 212

CONTINUL

DO 402 1=31,MD

TD(I)m(TIMECI)=FIRSTIMEI w2, 0

TAXIS®2 OwIFIXCTIME(MD)=FIRSTIMNE+0,99)
THMUVE=ANAXT(32.0, TAXIS*5,0)
TRY POINT FCR REPEAT WITH SAME DATA

Do 10 Im1,20

Ksyp(I)

X(K)=XX(1)

CUD(K)mXE(T)

DO 11 le20,25

CWb(Idmo,0

1FC(P.NE,PF)FDuHD/2

RETURN

ENC

H 894, NAME DATAREAD

PL
PL
PL
PL

43

1800

400
()]
420
430
1820

1833
1836
1840

1850
1860
1870



A Appendix C(cont'd)
0371 SUBROUTINE F4DERY

0372 INTEGER P+,PF.,PM,PC,5D,Q 1509
0373 DINENSION PIC10),YC100),FY€10,25),DY(100),HQC100),5P(242),CWD(25), 4
0374 1PS1(625),EC25),TIME(100),0BS(5 ,100),XS(10),XM(22),XX(22),XE(L2)X

0375 2022) 1 IPL22),2¢3,22),2D(3,22),0RDERC22) ) XP(22),ACL12),DTM(10),

0376 3 YIN(S),ITD(1U0) ,CCBS(100.6,2)

0377 COMMON/COMP/P1,YsDY,HQ,SP/A)BsC,D/F,GiHoUsV NsC1¢C2/C3:CLsC5,C6,FY 5
0378 41, RRO,RHOV ) PHY,S6.CG,SPHT,CPHTTP,TQ, TR/ [}
0379 2NORHE/PSI«OWD/E/DATA/ETNM 21T, MD¢LC/SD,Q, HMAX,ACF,REJ,P.PF,PMsN/NF, 7
0380 BN1,PCoACIPB, DTN, YIN,TU,XA,COBS,OBS+XS,NGAP/

0384 & MUDEL/XE s Xy XXsXMeJP/QRDERBX/BY B2, EX,EY/EZND,XP+JES(22) 9
03482 EQUIVALENCE(COBS(1,1,1),TIME(1))

0383 CPHIRCOS(DT} (5))

0384 STHE=SIN(DTI (1))

0385 CTHERCOSCDTI (1))

0386 IF(NGAP,.FQR.1)G0 TO 602

0387 DO 600 NN®2,NGAP

0388 IF(Y(1),6T.COBS(Q=1,NN,1)) GO TO 600

0389 G0 TO 601

0390 600 CONTINUE

0391 C WHEN IN FINAL REGION OF TIME INTERVAL OR IF NGAP®1,,..,

039¢ 602 De(Y(1)~COBS(Q-1,NGAP,1))/(COBS(Q,1,1)=COBS(Q=1,NGAP,1))

0393 Y(6)3(COBS(C,1,¢)~COBS(Q=1/NGAP,2))*D #COBS(Q=1,NGAP,2)=DTM( 6)

0394 60 TO0 603

0395 C WHEN NUT IN FINAL REGICNessssne

0396 601 DR(Y(1)-COBS(U-1,NN=1,1))/(COBS(Q=1,NN,1)=COBS(Q=1/NN=1,1))

0397 Y(6)m(COBS(G=1,NN;2)=CCBS(Q=1,NN=1,2))#D +COBS(Q=1/NN=1,2)=DTM( &)

0398 603 CONTINUE

039¢ DY(2)= Y(4)#CPH]

0400 DY(3)3 DTM(II*Y(H) #DTPCAI*Y (L) +Y(2)NSTHEXCPHI#G *XP(§)I*Y(3)

0401 1 +XPCI0I*Y (L) +XP(11)wY (D) +XP(12)+Y(0)

0402 DY(A)E XPCIZIwY(3) 4#XPC14I*Y(4) +XP(15)#Y (D) +XP(16)+Y(6)

0603 DY(5)2 =DTF(3)#Y(3) =DIM(2)*Y (L) +Y(2)+CTHEWG +XP(D)wY(3)

06404 1 #XPLEIWY (L) «XP(7)*Y(5) +XP(B)wY(6)

0405 nY(6)20.0

0406 C GET 2'S FROL Y'S,snuenne

0407 PO 91 I®1,16

0408 TFQIPCI).GT,PIGU TO 94

0409 DO @3 1v=1,3

0410 93 ZCIV.1)BY(3+IVHIwJES(I))

0411 GOTO 91

0412 94 2(1,1)s2¢2¢1)42(3,1)=0,0

0613 949 COUOAMTINUE

0414 PO 1 I=1,106

0415 TFCIPCI) ,GT,.PIGUTO 2

0416 2DC1 1) m DTI(S)IwZC3,1) +DTM(LIWZ(2, 1) #XP(9)*Z(1,1) +XP(11)#2(3.,1)

0417 1 +XP(10)w2(2,1)

0418 IFCI.GE.9.AND.ILLE.1202D(1+1)m2D(1,1)+Y(I=6)#+XM(1)

041Y ZD(2,1)m XPC13)%2€1.,1) +XPU14)I%2(2,1) #XPC15)%2(3,1)

04l TFCI.GE.13.AND. 1. LE.16)2DC2,1)mZD(2,1)+Y(I=10)wXM(])

0421 Z0(3,1)m =DTM(3)%2(1,1) =DTH(2)#2(2,1) +XP(5)eZ(1,1) +xXP(6)w2(2,1)

0622 4 *XP(7)*2(3, 1)

0423 IF(1,GE,S.AND. 1. LE.B8)ZD(3+1)8ZD(3,1)+Y(I=2)wXM(])

0424 G070 1

Q425 2 2D¢1,1).20€2,1),20¢3,1)m0,0

0426 1 COMTINUE

0427 C

048 Du 61 1I=1,1¢

0429 DO 65 IVE1s3

0430 83 DY(34IV+3wJES(I))=2D(IV,I)

0431 89 CONTINUE

0432 RETURN

0433 END

END OF SEGMENT,

LENGTH 717, NAFE F4DERY

TR 75090 FS
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Apppendix C(cont'd)

0434
0435
0436
0437
0438
0439
0440
0441
0642
0443
0444
0645
0446
0447
0448
0449
0450
0451
0452
0453
0454
0455
0456
0457
06458
0459
0460
0461
04662
0463
0464
0465
6466
0467
0468
V46r
0470
0471
0472
0473
0474
0475
0476
0477
0478
0470
0480
0481
0682
0483
0484
04895
0486
0687
0688
048
0490
0691
0492
0493
0494
0495
0496
0497

¢

)

1
CA

2
IN
3

b
24
23

22

21

76

14
13

¢

11
7
77

172
1
20

121

SUBROUTINE MATHHODEL

INTEGER P+PF,PM,PC,SDQ

DIMENSION PIC10),YC100),FY(10,25),DYC100),HQC100),8PC242),CWD(25),
1PSIC625),E(25) TIMECI0U) ,0BSC10,100),X8(¢10) /XM (22) s XX(22) XE(L2),X
2€22)1dP(22)12¢3,22),2D0(3,22),0RDERC22) +XP(L2) ACK12)/DTMC10) ¢
3 YINCD),ITDCTLO) +COBSC100,6,2)

COMHON/COMP/PY,Y:DY HGsSPsABr1CDeFoeGrH U,V /WIC1sC2IC3/C4IC5¢CEIFY
T/RHO/RHOV PHI +SG:CGoSPHIZCPHI TP+TQ,TR/
2NORME/PST CkDJE/DATAZITM XY, MD, LC/SD,Q, HMAXACF,REJ/P,PF,PM,N/NF,
3N1/PC/AC/PB,DTM/YIR,TU,XAICOBS/OBS+XSrNGAP/
4 NUPEL/XEeX XX KMo jP ORDER/BX+BY B2, EX/EY/,EZ/ND,XP2JES(22)
COMHON/GRAPH/FITCA,100),TOC100) s TITLEC10) +FIRSTIME/JPLOT,IPLOT, PL
1 TAXIS,TMOVE PL
EQUIVALENCE(CUBS{(1,1,1),TIME(1))

IFCQ.EQ,2)HsTIME(MD)=Y(T)

ING=0

LCULATE STEP LENGTH

ABTIMEC(GQ) =Y (1)

IFCABSCA=H) ,LT.0,0001)INGm1

B1mA

TFCHMAX.GT.A)GO TO 2

BI®mHMAX

TF(ABS(H=HI AX),LT.0.0009)INGRY

R=B1
TEGRATE 1 STEP

CALL FARUNG(NT,ING,H,Y.DY,HQ)

IFC(ING.EQ.,1)G0 TO &

ING=1

60 T0 3

60 T0(E1,2¢,23,24)/ND

PICAYaDTMCIC0)* (Y(3)=Y(4)RAC(T)II/DTM(4) +XX(20)

PIC3)RYINCE) +CCYC(3)+ACCAI*Y(L)Iw(DTM(2)=DTM(3)wACCA)+DTM(7IWAC(S)
1 JEDTM () *Y(5))/YINC2) #XX(19)
PIC2ISDTMUY)+(XP(OI#Y(J)+XP (10 %Y (4) #XP(11)*Y(5) *XP(12)*Y(6)

1 FAC(I)IwDY (4) =ACC2)wY(A)#DTM(B) +2.U%AC(S)*DIM(3)%Y(4))
2 /YINCS) +XX(18)

PICI)aY(L)4DTMF(B)+XXU1T)

TF(A.GT, HHAX) GU TC 20

bo 71 1=1,%¢

JERJP(I)

DO 76 ND1=1,4

FYCHDY,JE)=0,0

IFCJF.GT,P) GU TO 71

JERI#JES (1)

GOTOC11,12413,74),ND

FYCA,JPCTI) I (Y(L+IED=Y(S+JE)WAC(7))/DTM(4H)

FYCS)dPCI D) s CAY(LrIEI+AC(A) %Y (SHJE)IW(DTM(Z)=DTM(3)WAC (L) *DTM(T) w
1 ACC5))+ DTH(L)*Y(6+JE))/YIN(2)
FYCZoJPCID I = (XPCOIRY (A4 JED +XPCI0IWY(O4JE) +XP(11)*Y(64JE)

HACCI)I DY (5+JE)=AC(2I«DTM(B)#Y (5+JEI 4L UwAC(3)*DTM(3)

2 *Y(O5+JE) /G

TFCI.GE.9.ANDL T LEL12)FY (R JPCIIIZEY (2 JPCIII+Y(I=6)wXM(]1)/G
FYUaJPCI)) s YUS4JUE)

CONTINUE

DU 172 I=17,(16+ND)

DU 172 INSE1,ND

FYCINS,JP(I))=0.0

IFCINS.EQ. (1-16)2FYCINS,JP(]))®mT,0

REGUIRED PKRINT KESULT

IFCITLEQ,0)GO Tu 121

IF(PC.NE.TIGO 70 30

IFCIPLOT,.EC.1)GU TO 30

WRITF(Z,50) Y(1).Y(6),( PICI) ,1=1,ND)

45

2500
2501

N = C ~ O w

2340
2550
2560
2570
2580

2590

2600
2610
2612
2614
2620
2630
2632
2634
2636

2800

2820
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Uavo
0499
0500
0501
0502
0503
0504
0505
0506
0507

END CF SEGMENT,

0508
0509
0510
0511
0512
0513
0514
0515
0516
0517
0518
051%
0520
05¢1
0522
0523
0524
0525
0526
0527
0528
0529
0530
0531
0532
0533
0534
0535
0536

END OF SEGMENT,

DV PURKMAIAIN s P8 31D83AsPY 50

451
30

31
31

LENGT

10

1

LENGT

IFCIT.NE.0)GO TO 30
WRITECA,451) YC(1)/PL1C1),PI(2):Y(6)
FORMAT(IX/F7.3+3F%,5)

Appendix C(cont'd)

IFCA.GE.HMAX)GO TO 1 2940

IFCIT.EQ.0.CR.IPLOT,.EQ,.0)GOC TO 31

DO 51 IKNS=1,ND PL 450

FITCINS,Q=1)=PICINS) PL 460

RETURN 2950

END 2960
H 708, NAME MATHMODEL

SUBROUTINE INIY 6000

INTEGER P/PF.PN+PC/SD /G 6001

DIFENSION PIC10),YCI100),FY(10,25),DYC100),HQC100),8P(242),CWD(2Z5), 2
1PSI1C625) rEC25) , TIMECI00),0BS(5 ,100) ,XSC10),XM(24) ¢ XX(22),XE(L2) /X
2€2¢)1dP(22),2(3,22)42DC3,22),0RDERC22) ¢+ XP(22)+AC(12),DTH(10),

3 YINC(S5),1TD(C100) sCUBS(100,6,2)

COFMON/COMP/PY Y sDY,HQ,SPyAsB+CsD/FsGeHsU/ViW/C1+C2,C3,C4sC5:C6/FY 5
1:RHO/,RHOV/PH1+SG,CG,SPHI.CPHI/TP,TQ, TR/ )
2NURME/PSI,CUWD/E/DATA/ITM JT,MD,LC,SD, Qs HMAX,ACF,REJ/P,PF,PM/N/NF, 4
IN1/PC,AC,PE,DTH,YIN,TUO,XA,COBS,0BS,XS/NGAP/

4 MUDEL/XEsXiXXsXM¢JP,ORDER,BX+BY,BZ,EX/EY,EZ/ND/XP,JES(22) 9

EQUIVALENCE(COBS(1.,1:1),TIME(1))

IF(P.NE.PFINImN 6060

IF(P.EQ.PF)NIBN} 6070

po 5 1m=1,2¢

XPCI)=X)(I) Xl (]) 6096

Y¢1)sTO 6110

DO 101I=1,4

YCI+1)mXX(I)

DO 4 Im6,70 617¢

Y(1)=0.0

DO 11 1m2,4

1FCJPCI) GT,PIGU TO 11

Y(3#JES(I)+1+2)m1,0

CONTINUE

UsYIN(2)

GuYIN(S)

RETURN 6300

END 6310

H 128, NAME INIT

TR 75090 FS
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Appendix C(cont'd)

0537
0538
053%
0540
0541
0542
0543
0544
0545
0546
0547
0548
054%

END OF SEGMENT,

0559
0551
0552
0553
0554
0555
0556
0557

END OF SEGMENT.,

1

LENGTH

LENGTH

SUBROUTINE AXISCALE(S/N,XMIN/DX,LL)
COFMON/GRAPH/FIT(A,100) ,TDCI0U), TITLEC10) FIRSTIME,JPLOT,IPLOT, PL
TAX1S,THOVE PL
DIFENSION §(200),2(&)

DATA Z/4H Q .4H AZ ,4H SPD,4HALFA/

CALL HGPAXISV(U.0/0,0/4HTIME, =4, TAXIS,0.0/FIRSTIME/T1.0/2,0/=&)

CALL HGPSCALE(S/Ns15,0,XMIN/DXs1)

CALL HGPAXISV(0.0,0,0s2CLL) 14s15.0/ UsO0sXMINI2*DXs2.0+3)

CALL HGPSYMBL(16,0,13.0,0,35,TITLE,0.0,20)

CALL HGPRECT(~1,3,-4,0,21,0, THOVE=2,4,0,0,3)

CALL HGPLOT(0.0,0,0,3,0)

RETURN

END

115, NAFE AMNISCALE

SUBROUTINE PLOT(X Y/ XPNTS+YPNTS,N/UD,UG)

DI} ENSTION X(100),YC(100),XPNTSC100) ,YPNTSCIVD)
CALL HGPLINEC(X,Y/N:s1)

CALL HGPLOT(Q.0,0,0,3,0)

CALL DASHED(XPNTS,YPNTS,N=1,UD,UG)

CALL HGPLOT(L.0,0,0,3,0)

RETURN

END

75, NAFE PLOT

47

N} =



48

0558
0559
0560
0561
0562
0563
0564
0565
0566
0567
0568
056%°
0570
0571
0572
0573
0574
0575
0576
0577
0578
0579
0580
0561
0582
0583
0584
0585

END CF SEGMENT,

b

LENGTH

Appendix C(cont'd)

SUBROUTINE DASHED(X,Y,N,DLZ2,DL3)
DIMENSION X(K),Y(N),DL(3)
DL(2)=DL2
pL(3)=DL3
CALL HGPLOT(X(1),Y(1),3,0)
REFEDL(2)
1Cm2
XpEp (1)
ypsy (1)
DO 1 I=2,N
PLESQRT ((X(I)=XP)w#24(Y(I)=YP)#n2)
TFCREF=PL)4,4,3
IF NOT ENUUGH DASH OR SPACE LEFT (.00 e
XPEXP+(X(1)=XP)*REV/PL
YRRYP#(Y(I)=YP)WREM/PL
CALL HGPLOY(XP.,YP,IC,0)
1Cn5~1C
REM=DLCIC)
G0TO 2
1F ENOUGH DASH OR SPACE LEFT cocuss
IFCIC.EQ.2.AND.PL,NE,O.0)CALL HGPLOT(X(I),Y(1):2,0)
REFEREM~PL
XPEX (1)
YPeY (1)

CALL HGPLOT(0.,0,0,0,3,0)

RETURN
END

178, NAME DASHED

TR 75090 FS
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Appendix Clcont'd)

0487
0488
0489
04%0
0491
0492
0493
04%4
0495
0496
0497
0498
0499
0500
0501
0502
0503
0504
0503
0506
0507
0508
0509
0510
0514
0512
0513
0514
0515
0516
0517
0518
0519
0520
0524
0522
0523
0524
0529
0526
0527
0528
0526
0530
{531
0532
€533
0534
0533
0536

053
053

053¢
0540
0541
0542
0563
0544
0548
0546
0547

ar: @

€3 €3 €

SUBROUTINE  SOLNORM(N;831GMA,ND)

INTEGER PsQsR/S¢TiRD, DD
COMMON/COMP/COV(650),AC23) 1R C26),CC25),DCRE)/X(28) Y (26),2¢26)/
INORME/PSI(625),CuD(25),0¢25)

SUBROUTINE BQLNORM

AD®O '
Tulni

LuNe1

00 2 twmi,N

() aCWp(l)

Kped

bo ? 1m4,N

xtl)ml

IDENa(Ipt)ed

DO 3 1DmY,N

AClp)mPSECID)

JaRJpet

PO 4 ymi,N

YORABSCACY))

1P CAD,GE,YDYGOYO &

ADRYD

Rnf

Smy

CONTINUE

PUT UNIT MATRIX AND AWD INTH COV

PO &6 Jmi,N
JDBKD#JuY
TFCI,NE,J)GC T0 9
CoOvV¢ID) w4

60T0 6

CoOV¢JD)In0
CONTINUE

KO®KD*N
COV(KDImCWD(])
KDRKD#4

CONSTRUCT TRIANGULAR MAYRIX USING ROW § COLUMN INYERCHANGE,
TO LABEL 29,

Pahmi
IF(P,. LY. 106070 30
MsN

PO 29 G=1,p
AD=(

JOshwe (Ru1)¢C
DO & IDm4Y,¥V
Kpwi+1Ds1
ACKDIRPSIC(IL)
Jpmype
JpElLe(Rmi)#y
bo 9 1Dwv,|
Yeip)wCovidp)
Jnmype
coma(s)
A(S)=A(Q)
A(Q)mCD
P¢Q@)=1,0/CP
Cpmx(s)
X(S)mx(u)

Vetrvmi'h

000
000

000

000
ooo
000
000
000
000
000
000
000
000
000
000

600
000
000
000
000
0no
¢oo

000
000
000
000
000
000
foo
000
000
000

0oo0
000

060
000
000
000
000
000
000
000
000

000
000

000
000
000
0oo
000
000
000
000
000

AAR

49

6010
4020
4040
4043
4000

4030
4060
4070
46080
4090
4100
4110
4120
4130
4160
4150
4160
4170
6180
4190
4200
4210
4220
4230
4233

4240
4280
4260
4270
4280
4290
4300
310
4320
4530

4338
4336

“340
4350
4360
4370
4380
4390
4400
4440
4420

4439
6440

4450
4460
6470
4480
4490
4500
4510
4520
4530

LU D



50

(VISR 4 ¢
0548
0550
0554
(552
0553
554
0558
0556
0557
0558
€559
0569
0564
05¢2
0563
0564
0569
0566
05¢7
0568
0569
0570
0571
0572
6573
0574
0575
0s7é
0577
0578
0572
0580
0581
0582
0583
0584
0585
0586
0587
0588
058%
0550
0591
0592
0503
0594
0595
05946
0597
0598
05%9
0600
0601
0602
0603
0604
0605
0606
0607
0608
0609
0610
0611
0¢12
0613

LEXN}

10

14

12
13

14

17

-2
Do

20

21

I\\UI-U“
1FC{R,EQ,QICLCTU 16
LI -PABE Y
po 10 lpmi1,L
B¢Ip)ysCov(vn)
JomJpe+t

JOMhw (Qul) G
po 11 1pwi,b
KDPQ+IDwl
C(Kp)mPSICSD)
JomyD+1
comc(S)?
ceS)ymCluw)
C(e)wCD

bo 12 Jm@,N

Ced)uC(e)mA(J)eCDeD(0)

YnmaBS5(cCy))
1F(AD.GE.YP)GOTO
ADRYD

RDER

Spmy

CONTINVUE

00 13 Jm1,L

B(JI)uB(y)nmY(J)wCDOD(Q)

JOELv(Rn1)#g
b 16 1Dm,M
[GLIT I
PEI(JPYIRC(KD)
JpRyD+1
JPELW(RrT) ey
DG 15 1Dma,L
Cov(ybImB(ID)
JOmJD#Y

po 1% Jm=1,0Q
TFCJ,EQ,Q)GCTO 19
JheaNw(Yr1) g
pPo A7 IDW M
KD®Q+IDw?
C(KDY=PSIC(JT)
JhRiD*1
CorL(S)

C¢SH)=C ()
C¢Ry=CD

JDm] w(Jmt)eg
bo 18 1Dpma,H
Kbe (¢ 1Dm1
PEIC(IDYmCCKD)
JpmyD*i
COMTINUE

KeQw#1

po 26  Imk,N
TFCILEU, R)(CYO 26
Jorlw(led)eg
Do 20 1Inmq,P
KDEQelDn1
C(KL)®PSI(JI)
JoRyD+1

JORLw (Im1)#9
PO 21 1Dm,L
BeID)=CuV(JD)
Jhejpa1
ComC(S)
CedIymC(u)

rsDneln

Appendix C(cont'd)

vyvv
000
000
000
000
000
000
000
000
000
0oo
000
000
000

000
000
000
000
0oo0
000
000
000
ooo0
000
000
000
000
000
Qo0
000
000
600
000
000
000
000
000
000
000
000
000
000
000

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

AAA

LEL A
4550
4860
4570
580
4590
4400
4610
620
4630
6640
4650
“660
4670

4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4R00
4810
4820
4830
4R40
4RS50
4860
4870
4880
4890
4000
4910
4020
4930
4940
4950
4960

4970
4080
4990
5000
5040
5020
3030
5040
5050
5060
s070
5080
5000
5100
5110
3120
5130
5140
5180
5160

Raoh
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Appendix C(cont'd) 51

IR ARy vuwv et v

0618 0o 22 JmGQ,N 000 %180
0616 CCJImClu)nCDuAldwD (0] 000 5190
0617 Yp®ABS(c(y)) 000 3200
0618 TECAD,GE,YP)GOTO 22 000 5210
0619 ADRYD 000 %220
0620 RO®I 000 3230
0621 Spey 000 5240
0622 22 CONTINUE 000 5250
0623 00 23 Jat,L 000 5260
0624 23 BUJ)mB(y)mlpuwY(JDWD(Q) poo 3270
0625 JDENY (Im) g 600 8280
0626 DO 24 IDw4q,M 000 35290
0627 KDBQ+IDel 000 $300
0628 PSI(JDY)=C(KD) 000 5310
0629 24 JoryD 000 5320
0630 JOPL¥(Int)ey 000 5330
0634 po 25 1omq,L 000 5340
0632 CaveaP)nB (D) 000 5350
0633 25 Jomyhey 000 5360
0634 26 CONTINUVE 000 4370
0635 Josiiw(Qnt)eg 000 5380
0636 Do 27 1p®q,M 000 5390
0637 KpRQ+IDwl 000 8400
0638 PSI(JDYRA(KD) 000 5410
0639y 27 JpmJD+ 000 9420
0640 JORLw(Qur1) w1 000 5430
0641 DU 28 1pma,L 000 5440
06k CoveIDd)rY(ID) bno 5480
0643 28 JowiDe1 000 5460
06hé LT | 000 5470
0645 RuRD 000 5480
0646 2% S=SD 000 5490
0647 ¢

0648 ¢ SUBSTITUTE, PUTTING SQLuUTION INTO B(I) & PROBABLE RRRORS 000 5408
0623 ¢ FRCH. DIAGONAL OF COV INTO Cub(l), 000 5496
06 ¢

0651 30 IpmNeh 000 5500
0652 CehympSICID) 000 5540
065% DeNYymA,0/C (N 000 5520
0654 DO 42 Qmi,L 000 5530
06558 bo 31 Imd,N 000 8540
0656 31 C(l)m0,0 000 5550
0657 el 000 5560
0658 52 Kahm[e1 000 3570
06o% JUBLw(ln)ag 000 5580
0606 B(R)mCOV (D) 000 5590
0641 JDEN*(le1)w] 0no 5400
0662 PO 33 IDme,K 000 5410
0603 CLES:LS Y 000 35620
Q664 ACKD)®RPEI(JD) . 000 5430
0665 33 JpmJyD+1 000 8640
0606 ADBQ 000 5450
0667 bo 34 J=1,N 000 5660
0608 34 ADBADmALJYINC(JI*D(]) 000 3670
066% CCI)=BCOIwEC1)@AD 000 5490
0670 Inlm1 000 5490
0674 IFCI,GE 1)6CTC 32 000 5700
0672 bn 36 Im1,N 000 5740
0673 36 Y(1ymx()) 000 5720
0674 AD"1.,3

0675 D 41 Imq,N 000 3740
0676 Jyml 000 S7%0
0677 17 lF(O,S.GT.ﬁBS(AD-Y(J)))GO Ta 38 000 5760
0678 Jmi#i 000 5770
0679 60T0 37 000 5780
LEE T, 20 AT Nwl N Aan Rwan
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vowvye
0681
0682
0683
0684
0688
0e86
0687
0688
0689
0690
0691
0692
0693
0694
0693
0696
0697
0698
0699
0700
0701

END OF BEGMENT, LENGTH

-

hé

nLe )=V NV

cedI)uC(l)

C(I)mA(Y)

ADmAD#
1F(G,EQ,LYGOTO 39
1F(Q,NE.1)GOTO &0
cwp(CIImc(I)

GoTo 40

E¢l)mC(1)

AIymY ()

Y=Y ()

Y{l)sA(1)

CONTINUE

DO 43 I1mi,N
SIGLARSIGMARE(TI)wZ2(1)
NP®NDwN

DO 44 Twi,p

AD®ABS (SIGIAwCWD (L) /ND)
CUD(I)=SQRY(AD)
S1GMARSQRT (ABS(SIGMA/ND)Y)
RETURN

End

1778, NAFE SOLNORWV

Appendix C(concl'd)

wuv eizrv

000 3800
000 35810
000 5820
000 3830
000 5840
000 3880
000 3860
000 5870
000 5830
000 5890
000 3900
000 3940
000 35020
000 5930
000 5040
000 5030
000 5960
000 3970
000 5980
000 5990
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"~

TR 75090 FS

Appendix C(cont'd)

0586
0587
058%
0589
0590
0591
0592
0593
0594
059%
0596
0597
0598
0599
0600
0601

END CF SEGMENT,

0602
0603
0604
0605
0606
0607
0608
060%
0610
0611
0612
0613
0614
0615
061¢
0617
0618

END OF SEGMENT,

1
4

3
&

LENGTH

1

- x

v N

LENGTH

SUBROUTINE GFIN
DIFENSION STC10)
EXTERNAL GFERR
CALL FTRAP(GFERR)
FORMAT (10A%)
READ(C103,1,END®3)ST
WRITEC101.1)8T

GO TO 2

CALL RLEASE(103)
WRITEC101,4)
FORMAT C4hHuwww)
CALL RUNOUT (101)
ENDFILE 101

REWIND 101
RETURN
END
41: NAFE GFIN

ERKOR TRAP

SUBROUTINE GFERRCIER)

DIMENSION ST(10)

COFNON/GRAPH/FIT(4,100),TDCI00) , TITLECI10) +FIRSTIME,JPLOT,IPLOT, PL
TAX1S,TMOVE PL
IF(JPLOT,.EQ,U)GU TC 8

CALL HGPLOT(0,0,0,0,0.2)

CALL HGPTAPE(Z,12H 10¢0,0)

READC101+1+END®Z)ST

FORIAT(10AL)

WRITE(102:3)S8T

FORIBATCINO///*OFIRST CARD NOT READ..,..'//1H ,90A8/171)

GO TO »

WRITE(102,4)

FOKI'ATC(1HO///*OALL CARDS,INCLUDING wwwe,HAVE BEEN READ')

RETURN

END

56, NAFME GFERR

53
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0835
0836 FINISH

END OF COMPILATION = NO ERRORS

§/C SUBFILE, 1¢5 BUCKETS USED

CONSQLIDATED BY XpPCK 12¢ DATE 20/09/74

ICLFORTRAN (2) RENAMED ICLA=DEFAULT(2)
PROGRAM A53E

CUMPACT DATA (15AM)

COMPACT PROGRAM (DBM)

CORE Eo472

Appendix C(cont'd)

TIME 06/20/1¢
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Appendix D

FORTRAN COMPILATIUN BY #XFAT MK 4C DATE ¢20/0U9/74 TIME

0001
000
(VR
0004
0ou3
0006
0007
0008
0ooY
0010
0011
0012

LIST(LP)
LIERARY(SUBGRUUPSRF?7)
LIERARY(SUBGRUUPSRGP)
LIERARY (SUBGROUPS=RS)
LIBRARY (ED,SUBGROUPFSCE.SUBRUUTINES)
PRUCGRAMCASID)

COMPACT DATA

oUTPUT 2,7U2=LPU

JNPUT 103=CRU

USE 1,1018ED1/FURMATTED/1<8
TRACE U

ENE

07/20/34

55
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0013
0014
0015
0016
0017
0018
0019
00e0
0021
002¢
0043
0024
0025
0026
00¢e7
0028
002y
0030
0031
0032
gu33
0034
0035
0036
0037
0038
003y
6040
0041
0042
0043
V044
0045
G0u6
0047
0048
004y
0050
0051
0052
0053
0054
0055
0056
0057
Q058
QusY
0069
0061
000!
guos
0004
0065
0008
0067
toe8
00069
0070
0071
007e
0073
0074

nA7e

Appendix D(cont'd)

MASTER A25D PLOT 2

INTEGER P,PF,PIt,PC,5D+C

DIFENSION PICI0),Y{100),FYL10,25),0YC100),KQC100),SP(242),CWD(25),
1PSI(6259) +E(25) s TIME(100),0B5¢10,100),X8C10),XM(22) +XX(22) 1 XECL2) X
2C22) 4dP(22),2¢3,22),2003,22)0RDER(22),XP(22)ACC12),DTN(Y),YIN(S)
3:PARAM(R22)

COFVON/ZCONP/ZPY Y eDY HQ,SPA,BICoDsF,GrH UV iNICriCLiC30C8sC52C6,.FY
1 AHO,RHOY,PHI,S6G,CGsSPHI,CPHI TP, TQ,TR/
2 URME/IPSY s CUD e E/DATA/ IS, XT MO LC,SD,Q, HMAX,ACF,REJ,P,PF.,PM:,N/,NF.,
3NV PCIAC/ PR, DT YIN, TU XA, TIME,OBS, XS/
LGMODEL/XE s Xe XX+ Xl e WP +ORDER,BX+BY B2 )EX/EYSEZ/ND:XP
COMMON/GRAPH/FIT(4,100),TDC100) ,TITLECY10) ,FIRSTIME,JPLOT,IPLOT,
1 TAXIS.TMOVE

DIFENSION FAF(200),DPI(4,25)

HEADINGS FOR PRINT QUT OF PARANETERS,E.G. VO 'LP +1ETC,

DATA PARAM(1)/176H VU PO RU Yv Yp YR
T Yxi Y1 Lv Lp LR LXt LT NV
enp NR NXT NZT EBETA EP ER EAY /

CALL GFIN

JPLOT=O

PRINT PROGRA! NAME AND HEADINGS
CALL DATE (TODAY)

9 WRITE(Z,2)TODAY

2 FORMATC(75H1 PROGRAF D1 JULY 1973 DUTCH ROLL ANALYSIS FOR
1FULL SCALE AIRCRAFT//35H A.J.ROSS AERO, R141BLDG. PROG A250.,60UX,
2'RUN ON ', A8//)

READ DATA AND PRUGRAMME CCNTROL PARAMETERS
3 CALL DATAREAD
SET PRINT CONTROL AND TEST FOR SIMULATION NODE
4 pCmQ
IF(HD.EQG,1)PC*"
PRINT PARAMETER AND ACCURACY VALUES IN TWO ROWS
DO 50 I=1.42
Kedp(])
CALL COPYU(YU,0RDERCK) +1PARAMCI) (1)
50 CONTINUE
5 WRITE(Z,90) (ORDERCI),I=1,8),(XC1)+1=1,8),(CWD(I)/1I®1,8),
TCORDERCE) vIm9r15) 4 (XCI) 4 189,15) ,(CWD(T),189,15) , (ORDER(CI) ,In16,22)
oAl Im10,24),(CWDCI),In16,22)
TEST FUR INITIAL PRINTOUT
IFCIT.EQ.UIGE TU &
TEST FOR FINAL PRINTOUT
TFsPL.NELTIGO TO 7
TEST FUR FINAL NUPBER OF PARAMFTERS
JF(PLEQ.PFIGO TG 6
CHECK VYALUE OF TTERATION COUNTER
TRCIT.GT,1TH30CO 10 6
papf
NehF
MOUR2 D
pCel
171
‘GO TG 7
WRITE [LAIN HEADINGS
6 IF(IPLOT,.NE.1) URITE(Z,92)
SET UP INITIAL CUNDITIONS
? CALL INITY
CLEAR IATRIX STORES AND SET COUNTERS
SDeQ
$=1
JepPwp

Ve N

PL
PL
PL

PL

o ~NO W

10
177¢

20
160

170

200
210
220
230
240
250

260
261
262
280
290
300
310
320
330
340
350
360
365
370
380
39¢
400
410

430
XLV
450
460

480

ron
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Appendix D(cont’'d) 57

VWV oS

0076
0077
0078
8079
0080
0081

0082
0083
0084
0085
0086
0087
0088
008y
0090
0091
0092
0093
0094
0095
009¢
0097
0098
009y
0100
0101
0102
0103
0104
0105
0106
0107
0108
010¢

0110
0111
011¢
0113
0114
0115
0116
0117
011¢
011e
0120
0121
012¢
01¢3
0124
01¢5
0126
0127
0128
12¢
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139y
0140

nata

830

C MA
10

¢ CaA

C TE
11

12

C TES
C SUM
C FOR

C AN

1

20
en
2¢

40

1012

41
1013
C FI

¢ CH
16

1011

NI, “wrv
PO 8 Im1,J 500
PSI(I)m0,0 510
DO 9 Is1,MINVO(K,25) NB MODIF
Cwb(1)=0,0 530
SIGHA®O,0 535
NAP=U

DO 830 I=1+4

DO 830 J4=1,25

PPICI,d)=0,0

IN COMPUTING CYCLE SETTING UP NORMAL EQUATIUNS 540
DO 22 Qr2.MD 550
LCULATE FODEL PREDICTIONS AND PARTIAL DERIVATIVES 560
CALL MATH MODEL $70
ST ERROGRS AND CALCULATE RMS s8¢
Jeg 59¢
ER=0,0 600
DO 12 1=1.ND 610
EC1)SCOBSCI,I)=PICI))*XSCI) 620
ZED=ABS(R(1)) 630
IFCZED.GT.REJIGO TO 22 64
ERBER+E(I)%E(]) 650
SIGIA=SIGHA+ER 660
SDESD+ND 670
NAP®ENAP+1

T IF PRINTING OF RESIDUALS IS REQUIRED
1F((PC.EQ.1,AND.IPLOT.NE.1).OR.IT.EG,0) WRITE( 2,93)CE(T),I=1,ND)

OVER INSTRUI'ENTS ('DO 22' LOOP SUMS OVER TIMES)

DO 21 Le1,ND

EACH ROW..uW,

DO 20 I=1.p
DFOR FACH CQLUMN TO LEFT OF DIAGONAL..uss.

PO 19 J=1,1

KDE(I=1) %P4y

KDT=(J=1)%pP+]

PSICKD) PSICKDT)®PSTICKDI*FYCL A I)*FY (L JI#XS(L)¥w2

CONTINUE

CUDCI)SFY (L, 1)*XSCLYWECL) + CWD(I)

PPICL,I)=DPICL ID#FY (L, 1) ww2

CONTINUE

CONTINUE 930
CONTINVE 940
TF((PC.,ME.1".AND,IT.NE.0).OR,NAP.EQ,0)GOTO 16

PO 40 L=1,ND

DO 40 I=1,P

DPICL,I)=AESCXCI) *SQRT(DPI(L,I)/NAP))

WRITEC2,1012) NAP«FD,SD

FOKHATCIHO/1H »13,' OUT OF *',13, ' POINTS ACCEPTED®,5X,'DEGREES OF
1 FREFDON '+13 /
2 YORFS SENSITIVITY MATRIX'//1H 112X 4HBETA?XsTHP,9Xs1HR,
1 YK 2HAY/)

PO 41 I=1.,P

WRITE(Z,1013) ORDERCI),(DPI(L,I),Lr1,ND)

FORINATC(IH AB 1 4(2X,F8.5))
NISKH IF FINAL PRINT OUT 950
IF(PC.EQ.T1)G0 TO ¢8 960
ECK FOR SUFFICIENT DATA ACCEPTED 970
IF(P.LT.SD)GO TO 80

WRITE(Z,1011)SD

FORIAT('0 NOT ENOUGH DATA LEFT Sp=t,15)

IFCIPLOT.EG.0)GU TO 28 PL 23
IPLOT=U PL 26
CALL HGPSYMBL(0.0,0.0.1,0,TITLE,270,0,20) PL 25
CALL HGPSYIBL(D.0,~18.5,1.0,20HNOT ENOUGH DATA LEFT,270,0,20) PL 26
CALL HGPLOT(U.0,0.0,3,0) PL 27
CALL HGPLOT(=1.0,0.0,0,4) PL 28
FAVYE UPRIATIA A A N OY NN n an
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Vi
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
07068
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
018¢
0181
0182
0183
0184
0185
0186
0187
0188
0184
0190
0191
0192
0193
0194
0195
019¢
0197
0198

END CF SEGMENT,

89
C RES
C soL
C 1INC
¢ 1Mp
25

Appendix D{cont'd)

vAakh DUFLYIAVebIVsvrdtLY
GO TO 28

CONTINVE

ET DATA REJECTIUN LEVEL
REJRSQRT(16*SIGHA/SD)

VE NORMAL EGUATIONS

CALL SOLNORKF(P,SIGNA,SD)
REASE ITERATION COUNTER
ITeIT+

ROVE PARAMETER VALUES

PO 25 I=1,P
X(I)sXCI)+E(T)

DO 30 Im1,22

Kedp(l)

30 XX(1)=sX(K)

¢ PRI
C CHE

C CHE
é0

27
101¢

CIST
el

1¢00

1201

98
90

90
1
2
9¢
1
2
93
94

LENGTH

NT SIGMA AND NO OF DEG, FREEDCHM

WRITE(2,94)SIGMA,SD

CK FOR MAX NO OF ITERATIONS

TFCITM,GT.IT)IGO TO 26

pC=1

GO TU 5

CK PARAMFTER CHANGES

DO 27 1Im1,22

IF(JP(I),GT,PIGU TO 27

ERRACF#*XE(I)

IFCABSCE(JP(I))).GT,ER) GO TO 5

CONTINUE

WRITE(Z,1010)

FORMAT('0 CHANGES FOR FOLLOWING PARAMETERS ALL SMALL')
pC=1

GO0 TO 5

HERE ANY PLOTTING 'WANTED....

IFCIPLOT.EG,U)GU TC 98

DU 1207 INS=1.ND

DO 1200 IIsq,MD

FAF(II)=0BS(INS,11)

FAFCII+MD)RFITCINS,I1)

CALL HGPLOT(U.0,22.0,0.4)

CALL AXISCALECFAF,2%FD=1,XMIN/DX,INS)

CALL PLOTCTIDC(Y)  FAF(1),TD(2) +FAF(MD+1) /MD,0,25+0,25)
IF(MODCINS,2) .EG.O)CALL HGPLOT(=-TMOVE,=44,0,0/4)

CALL HGPLOT(0.0,0,0,3:0)

IF(HOD(ND/¢) . EQ,1)CALL HGPLOT(~TMOVE,=22.0/0:4)

CALL HGPLOT(U.0,0.0,3.0)

IFCLC.LT.2)G0TO

IFCJPLOT.EG.0)STOP

CALL HGPLOT((,0,0,0,0,2)

CALL HGPTAPE(Z,12H 10,0.,0)

STOP

FORMAT(1H +EX,8A8/7H VARI, ,8F8,3/7H DELTA ,8F8,3//1H ,8X.7A8/
7H VARI., ,7FB8.3/7H DELTA +7F8.3//1H ,BX,TA8/7H VARI. ,7F8.3/
7H DFLTA ,7F8.3//)

FORBMATCIHO 11X 7HTCSECS) r6Xs THN 16X s THQr&X ZHXT 14X 4HZETA//
TH 12X/ 3HPHI s 3K AHBETA,6X e THP 16X+ THR¢5Xs2HJY,5X ¢ SHRBETA
rOXs2HRP+5X s 2HRR/,4X,3HRJY)

FORMATC(1H* 45X, 5F7.3)

FORMAT(OHUSIGMA = ,F6.4,22NW DEGREES uF FREEDOM = ,13//)
END

1047, NAVME AcSDPLOTR

PL
PL
PL
PL
PL
PL

PL
PL
PL
PL
PL
PL
PL
PL
PL
PL

990
1000
1010
1020
1030
1040
1050
1060
1070

1080
1100
1110
1120
1130
1140
1150
1160

1190
1200
30
40
50
60
70
80

100
110
120
130
140
150
160
170
180
190

1260
1261
1262
1270
1280
1490
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Appendix D{cont'd)

¢19¢y
0200
0201
0202
0203
0204
0205
0206
0207
0208
oeuy
0210
0211
0212
0213
0214
0215
0216
e
0218
0ent
022¢
0221
0ee2
u2es
0224
0225
022¢
0227
022¢
0ecev
0230
0231
0232
0232
0234
0235
0236
0237
023¢
023%
0240
U261
024¢
U243
0244
(WS
(266
0247
0ot
0246¢
uest
¢ed
025¢
(253
0254
v2ss
Lese
0257
uese
(L2sYy
ueeéu

s

SUBROUTINE LCATAREAL

INTEGER P+PF)PM,PCsSDsC

DIFENSION PIC10),YC100),FYC10,25),DYC100),HUCT100),SP(242),CWD(25),
1PSIC625) (E(25) s TIMECI00),08SC10,100) ,XSC10), XM(2) s XX(22) +XE(LR) 4 X
2€22),3P(22),2¢3,22),2D(3,22) ,ORDERC22) 4 XP(£2) AC(12),DTM(Y),YIN(S5)
3,17TDC100)

COMHON/COMP/PL Y +DY , HQ/SPrA+BsC/DeFeGoHsUsViWsCTeCLsC3,C4sCOILO.FY
1,RHO,RHOVPHI +SL+CG,SPHI,CPHI.TP,TQ,TR/
2NORIFE/PST+CUWD/E/DATAZETM LT/ MDsLCoSD+Q, HMAX,ACF,REJ/P.PF,PMsN/NF,
IN1+PC,AC/PBDTI' s YIN,TU/ XA TIME,0BS XS/
GLMODEL/XE+XeYXoXI1eJPCRDER(BY+BY,BZ/EX/EY,EZ/ND,XP

COMIION/GRAPH/FITC4,700),YDC100), YITLEC10) ,FIRSTIME,JPLOT,IPLOY,
1 TAXIS,THOVE

C READ ENTRY LABEL (FROM COLUMN 1)
1 READ(1,80)1L
80 FORIATC(IY)
IF(L.EQ.U)GC TO 1
C READ DATA TITLE (FROV COL,2 OF NEXT CARD)
RCAD(1,81)TITLE
81 FOKNAT(10AL)
WRITE(Z,81)TITLE
€ 60 TC (1:2134b49,6,7,8:7) 4L
C READ ACCELEROUFETER PUSITICNS
3 READCYI,84)(ACCT) 4 121,9)
84 FURI'ATC(IFIV. 3
WRITE(Z,85)CAC(1),189.,%)
8% FOUR) AT(55HU X.AY Y.AY 2.AY X.A2 Y.AZ 2.A2 ]
123% X.PL Y.VFB T.PB/OCF?.342X))
C READ I'ODEL CONSTANTS
REAL(1,36)(SP(I),101,8)
86 FOR!I AT(8F1v,3)

WRITEC(Z,B7)(SPC1),1=21,8)

87 FORPATCSHO  IX 19Xe2KIY 10X 2HIZo9X s 3HIXZ /Y XsTHH DX THS  SXe2HLY,
15X+2hL2/3F1¢. 1+ 3F10.1,2F7,2)

BA®(SP(2)=SF(3))/SP(1)

BY®(SP(3)-SF(1))/SF(2)

BZE(SP(1)~-SP(L))/SP(3)

EABSP(4)/SP(Y)

EYRSP(4)/SP(2)

EZeSP{4)/SF(3)

C FPEAD FARAMETEK ALCULRACIES
READ(1,38) (XE(T]),1=1,¢2)
88 FORLAT(LFIV,S3)
C READ AND PRINT NUMUBER OF INSTRUMENTS
& READ(1,39)NC
8Y FORPI'AT(12)
WRITF(2,Y0)IND
QU FORDAT(25HUNLE BER CF INSTRUHENTS = ,11)
S FEALCYIC3)1CGYIh, DT
FIRSTINE=TFIX(TU)
€ READ INITIAL CUNPITIGKNS ETC.
93 FORIATCGFIL A/ 7F10.4/¢F10,4)
WRPITECL 94)TUSYIN,CTHK

Y4 FOR) AT(55HY T0 vt THETA RhU G '
TeH FHIJFYI0.2, 10,7, F1U.3,F10,7,F10,2,F10,3//164N0 JZ.TRIM '
2 TYY.TEIN U, TRIN Q,TRIN V.IKIN P.TRIM R, TRIM XS1.

STRIL ZETALTRIN ' /YEF10.3)
C READ FODEL PAFAPETERS
READ(T,S6) (xX(1),1%1,¢2)
96 FORLATCEFIU,4)
9555 READ(TI,105) (K1), 1%1,22)
YU FORI AT (221U

- te i A= [ N K S

PL
PL

PL
PL
PL

PL

59

1300
1501

o ~NO

1560
1570
1580
1590
1600

200

210

a2
1640
1660
1661
1662
1663
1664
1665
1670
1671
1672
1673
1674
1675
1680
1681
1682
1683
1684
1685
1710
1711
1712
1720
1721
1722
1723
1724

230
1740

1743
1744
1745

1760
1751
1752
1753

“«men
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veo)
0262
0263
0264
0265
0266
0267
0268
o26¢
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
028¢
028¢

0290
0294
0292
0293
0294
0295
0296
0297
0298
0290
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
032%
0330

END OF SEGMENT,

Appendix D(cont'd)

- CVYALVAILE Hubki1ipLiEnd Al
PO 40 I&1,3
40 XM(1)=1,0
RHOVEYINC(3)#YINCT)
XM(4)=RHOVSSP(6)/SP(5)
XH(Y)=RHOVHSP () *SP(8)/SP (1)
XH(14)BRHOV*SP (o) *SP(8) /SP(3)
DO 41 I=b 4,5
XECI+1)aXM(1) wS) (8)
XNCI+2)rXH{I+1)
XPCI+3)eXMCII*YINCT)
41 XMCI+4)=XM(I+3)
¢ READ PROGRAM (GNTRUL PARA}ETERS
6 READCT1+“7IREJSACF/HMAXsP/PF,IT,1TM/LC
97 FURILAT(3F1U,4/510)
WRITEC2,98)REJ+ACF, HPAXP/PF,IT,ITH
98 FORMAT(BHO E PAX,6X,8HACCURACY 3X,7HDELTA T/3F10.4//28H INITIAL N
10 CF PARAMETERS = ,12+2X VIHFINAL NO = ,12//17H INITIAL JTRN, = ,
212:YX116R1TRN. LAXINUM = ,12)
C CALCULATE N AND NF,...
Ne3*p+5
NFrPFa3eS
PO 52 1E=1%,22
IFCIPCIE)  LE.PIN=N=3
52 IFCJPCIE) JLE.PFINFaNF=3
C READ SCALING FACTORS
7 READ(1/,99) (XSCI),I=1,ND)
9Y FORKAT(?F10,2)
WRITECZ2,100) (XSC1),I=1,ND)
100 FORMATCITHOSCALING OF/7X 4HBETA,7X,1HP,OXTHR,9X s 2NIY/
14F10.27/7)
C IS THERE ANY PLCTTING NEEDED....
READ(1,401)L,IPLCT
407 FORKAT(211)
IFCIPLOT,EG,U)GUTO 2
IFCJPLOT.NE.O)GOTO 400
C BEFURE FIRST PLCT OPEN TAPE..,
CALL HGPTAPECU/12HFLT LATA FIT/0:0:7)
CALL HGPTAPE(1,12H 1000:0)
CALL HGPLOT(0.0,0.0,16+1)
CALL HGPLOT( U.0+2.0,0¢4)
CALL HGPLOT(0.0,0.0,3,0)

JPLOT=1
C BEFORE EACH SET 0NF DATA PLCTTED START NEW PICTURE,.,
400 CALL HGPTAPE(1.,12H 10,0,0)

CALL HGPLOT(~4.0,0.0.,0,4)

CALL HGPLOT(0.0,0,0,3,0)
60 TC ¢

C

C READ DATA

8 READCT,102)1D,C1TDCI),(OBSCK,1),K=1,9),1I=1,MD)
102 FORMATCI3/(13,9F8,3))
PO 402 I=%1.,I'D
45 TIFECI)®0.1%1ITD(I)
402 TDC(I)R(TIMECI)=FIRSTIME)*2.0
TAXIS=2 O*IFIXC(TIMECMD)~FIRSTIME+V,99)

THOVERANAX1(32.0,TAXIS#5.0)
C
P12
¢
C ENTRY POINT FOUR REPEAT WITH SANE DATA

©¢ DO 10 Im1,¢2
KedP (1)
XCk)=xx¢I)

10 CWE(K)RXE(])
DO 11 123,25

11 Cwd(1)nG, 0
TFCP.NE.PF)I'DBMD/ 2
RETURN
END

LENGYH 735, NAFE DATAREAD

PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL

PL

PL
PL
PL

110V
1761
1762
1763

1764
1765
1766
1767
1768
1769
1770
1771
17770

1773
17274
1775
1776

1780
1781
1782
1830
1784

240
250
255
260
270
280
290
300
310
320
330
340
350
360
370
380
1792

1800

400

410
420
430

1810

1820
1830
1833
1836
1840

185¢

1860
187¢

TR 75090 FS
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Appendix D{cont'd)

0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0361
0342
0343
0344
0345
0346
0347
0348
034Y
0350
0351
035¢
0353
0354
0355
0356
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
036%
0370
0371
0372
0373
0374
0375
0376
0377
0378
037%
0380
0381
0382
0383
0384
0385
0386
0387
0388
038%
0390
0391
0392

¢

SUBROUTINE F4DERY
INTEGER P+PF,PM,PC,S5D/Q
DIPENSION PIC10)YC100),FY(10,25),DY(100),HQ(100),5P(242),CWD(25),
1PSIC625) EC25) +TIMEC100),0BSC10,100),XS¢10),XM(22) ¢ XX(22) s XE(L2) X
2(22),dPC22) ¢ 243,22),2D(3,22),0RDER(22) /XP(22)oACC12) +DTH(Y),YINC(S)
COPHON/CONP/PY YsDY HQ,SP1A/BsCsDsFs,GrH,UsV WiC1+C21C3,CLsC5,C6,FY
1.RHO+RHOV/PHI/,SG,CG,SPHI,CPRI.TP,TQ,TR/
2NORI;E/PST CWD(E/DATA/ETH 1T, MDsLCoSD+QsHMAX ACF,REJ/P+PFsPMsN/NF,
INTsPCIACIPBYDTH/YIN ' TUIXAPTIME,QBS XS/
AMOCEL/XEsXoeXXeX1MeJdPIORDERBXsBYsBZI/EX/EYIEZ/ND o XP
RESPONSE EQNS,
DE(Y(1)=TINE(U=1))/(TINECQ)~TINE(Q=1))
DY(2)mY(4)*DTI(6)
SPHIRSIN(Y(2))

C FOR VARYING ANGLE OF ATTACK,,,..

C

WEYINCI)*SINCC(LUBS(D,Q)~0BS(9,Q=1))#D+0BS(Y,Q=1))/57,3)
TQmpTH(4)
B8 0BS(8,Q)/57.3 =DTM(8)
Cay,0
PO 20 I1m3,>
Jabel]
20 DYCIIBRXPCI=11)#Y(3)*XPLI=10)#Y (L) +XP(JmO)*Y(5)$XP(J=B)#4BeXP(J=7)
+C
DY(3)=DY(3)=Un(Y(D)+DTH(T?))+Wr(Y(4)+DTM(6))+32,2%DTM(2)+G*SPHI
RULEDY (A)*BX«TQuY(5)+EX#TQWY (4)
YAWRDY (5)+B2wTQeyY (&) ~E2%TQwY (D)
EX281 ., 0~EXVE2
DY(4)B(ROLYEX*YAW) /EXZ
DY(5)B(YAWHE2WROL)/EX2Z
PIFF,EQNS, OF PARTIAL DERIVATIVES OF V.PsAND R,
DO 70 1w1,3
DO 71 Jm1,42
7 2¢1,J9)m0,0
70 CONTINUVE
JTrO
NEmNT =2
PO 90 Kmé,N2,3
JE(K=3)/3+4J7
83 Jir1
8% IF(JP(JJ), EQ,J)GOC TO 8O
JJdeJd+1
GO TO 81
80 IF(JJI,.GT,.18)60L TC 82
DO 84 I=1,3
84 2(1,3J)aY(Ks]1"1)
60 T0 90
82 JTaJyT+1
eI+l
6O TOU 83
90 COMTINUY
BASIC PART. DIFF.
DO 10 J=1,18
IDCYIAYIBXPCAIWZ (I XP(SINZ(200)4XPCOIRZ(S,d)=UnT(S5,d)+W*2(24)J)
ZDC2 ) EXPLOIWZ (T, )4 XPCI0I*2(2, )+ XP (1) *2(3,J)+BX*TQW2(3,J)
THEX*TA*Z (24 )
10 ZDC3 /) eXPCIA)WZ(T /) +XP(15)I%2(2/d)+XP(16)%Z(3,J)*+BZTQw2(2.4J)
1=E2*TQ*2(3,4)
ADD CONTRIBUTIGNS FROM DERIV,
DO 30 I=1,3
Lepwl
Z0CI/L=1)mZD(l L=T1)+XM(L=1)*Y(3)
ZDCI, L)mZDCI, L)+ XMCL)*Y (4)

cren

61

3001

®~NOo Vv

3100
3110
3120
3122

3126

3132
3134
3136
3138
3139
3140
3142
3145
3146
3147
3148
3160

3180
3190

3210
3220
3230

3250
3260
3270

3290
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0393
0394
0395
0396
0397
0398
039%
0400
0401
0402
0403
0404
0405
0406
0407
0408
040¢%
0410
0411
0412
0413
0414
0415
0416
0417
0418
0419
0420
0421
0422
0423
0424
0425
0426
0427

END OF SEGMENT,

2DUL LT IRZD AL LTI XNLLETII*YAS)
ZD(I, L*2)uZ2D(I,L+2)+XM(L+2)*B
30 2D(E, L*3)=2D (L, Le3)+XH(L43)#C

c CORRECT FOR 1IX2

DO 31 Jw1,18

Z2m2D(2,J)

25m20(3.4J)

ID(2,J)m(ZA+EX*23)/EXZ
3% 20(3,J)m(Z34E2%22)/EX2

C SPURI0OUS VALUES FOR D/D(EB) ETC

PO 32 I=1,3
DO 33 Jm19,22
2(1,9)m0,0

33 2D0(1,4)m0,0

32 CONTINUE

¢ REARRANGE FOR DY AND Y

JT50
NZaNY=2
DO ¢0 Km6,k2,3
IJB(K=3)/3+J7

53 JeE1

57 IF(JP(JJ).EQ,J)GO TO 50
JemjJei
G0 T0 51

50 IF(JJ.GT,18)6U TO 52
DO 61 I®1.3
Y(KeI=1)mZ(],4J)

61 DY(K+1I=1)=2D(1.,JdJ)
GO0 TG 60

5¢ JTmJT+1
JrJ+1
GO TO 53

60 CONTINUE
RETURN
END

LENGTH 808, NAME F4DERY

Appendix D(cont'd)

330V
33190
3320
3330
3340
3350
3360
3370
3380
3390
3399
3410
3420
3430
3440

3460
3465
3470
3480

3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3300
3310

TR 75090 FS
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Appendix D{cont’d)

0428
0429
0430
0431
0432
0433
0434
0435
0636
0437
0438
0439
0640
0441
0642
0443
0644
0645
0446
0647
0448
0449
0450
0451
0452
0453
0454
0455
0456
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466
0467
0468
0469
0470
0471
0472
0473
0474
0675
0476
0477
0478
0479
0480
0481
0482
0483
0484
0685
0486
0487
0488
0486

cC

1
C CA

e
C 1IN
3

C CA
4

4
C CaA
o

10
11
12

13

ans

SUBROUTINE FATHRODEL

INTEGER PsPF/PM.PLsSDsCQ

DINENSION PIC10),YC100),FY(10,25),DYC100),HQ(T100),5P(242),CWD(25),
1PSI(625) +EC25) s TIMEC100),085¢10,100),X8C10),XM(22)+4XX(22) 1 XEC22)4X
2€2¢) 1 dP(22) 1 2€3+22),2D(3022),QRDERC22) 4 XP(22)+ACC12) DTM(D) YIN(S)
CONIION/COMP/PI,Y DY ,HQsSPsA+B+sCsDsF/G/H,UsViWsC1+C2sC3,C4+C5,C6:FY
4,RHO/RHOVPHI+SG,CG,SPHI,CPHI TP, TQ,TR/
2NORVEZPSTI OWD,E/DATAITI 1T . MD,LC,SD,Q, HMAX ACF,REV P, PF,PM,N/NF,
INT/PC/ACPBDTNIYIN,TO/ XA/ TIME,OBS » XS/

LMOCEL/XE s XoXXsXhoJP,ORCERBX:BY BZ/EX/EY,EZ,ND/,XP
COMHON/GRAPK/FITCLs100),TDC100),TITLEC10) SFIRSYIME,JPLOT,IPLOT, PL
1 TAXIS.TMOVE PL

IF(Q.EQ.2)HsTIME(MND)~Y (1)

INGRY

LCULATE STEP LENGTH

ASTIMECQ)=Y (1)

IFCABSCA=H) ,LT.U,0001) ING=Y

B1mA

TFCHMAX.GT.A)GO TO 2

BI®HMAX

TF(ABS (H=HMAX) ,LT,0,0001)ING=1

Hep1
TEGRATE 1 STEP

CALL FARUNG(N1,ING/H,YsDYsHQ)

IF(ING.EQ.T1)GU TO 4

INGe1

60 T0O 3

LCULATE 'ODEL VECTOQR (NB. TQ = Q ¢ Q(TRIM), ETC.)
TPeY(4)+DTF (6)

TReY(5)+DTF(?)

CérTPeTO+DY(S)

CSsTPwTP+TR#*TR

CoErTARTR~DY (4)

FInS7.3»Y(2)

PIC1)a57 . 3%0(Y(3)#DTH(SI+AC(7I*Y(5)=AC(O) Y (4))/U+XX(1Y)
PIC(2)=57,3%TP+XX(20)

PI(3)=a57.3*TR+XX(21)

PILL) = (XPCAIRY (3IXPUSINYCLI*XPCEINY(5)4XP(7IwB+XP(8)*C*
1CL*AC(I)=CHRACCZI+CHRAC(3I I /YINCLI* XX(22)4DPTM(2)
IFCA.GT.HMAX)GO T0 20

LCULATE PARTIAL DERIVATIVES OF MODEL VECTOR

DO 11 1a1,ND

DO 10 J=m1,P

FYC14J)m0, 0

CONTINUE

DO 12 Ix1,4

Jr1E+]

FY(1/JdPCJI)I®T.0

k=P

Jn3

1=1

Jaj+s

CARTAwY (J+1)+DY(J#2)

COB2uTP*Y (J+T)+24TRuY (J#2)

CORTQAY (J42)=DY(J*+1)

GINVE],0/YINC4)

FYCI D) aST. 3w (Y (J)2AC(TINY(J42)=AC(O)wY(J*1)) /U
FY(Z2,1)a57,3%Y(J+1)

FY(3/12m57.3%Y(J+2)

FYCA/1DuGINY *(XPCL) Y (JIEXPUS)IRY(Je1)eXP(OINY(JO2)ChwAC(Y) =
1C5¢AC(L)+COXAC(3))

63

2500
2501

RN WV

2540
2550
2560
2570
2580
2590
2600
2610
2612
2614
2620
2630
2632
2634
2636
2640
2643
2644
2649
2650
2651
2671

2675
2677
2679

2690
2710
2712
2714
2716
2718

2730
2732
2734
2736
2744
2745
2746

2751
2753
2755
2757
2758

YW n
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vavy
0491
0492
0493
0494
0495
0496
0497
0498
0499
0500
0501
0502
0503
0504
0505
0506
0507
0508
050%
0510

END OF SEGMENT,

v

c IF

20

21
30

51
31

LENGT

Legwy

Appendix D(cont'd)

1F(1.EQ.JPC19).0R. 1. EQ.JP(20).0R,1.EQ.JP(21).0R.1.EQ,JP(22))6G0

170 101
IFCI.LE.K)GO TO 13
FY(ArdPCA)IEFY (A, JP (L)) +GINV
FYCAedPCO)IRFY (A, JP(S)I+GINY
FYCLrJPCO)IEFY (4P (6))+GINV
FYCA,JP(?))=FY (A JP(7))+GINY
FYC4sJP(B)YmFYCh JP(B)I+GINY
REGUIRED PRINT RESULY
IFCIT.EQ, 0260 TU 21
IF(PC.NE,1)GO TL 30
IFCIPLOT.EG,1) GO TO 30

*XM(4)*Y(3)
*XM (D) *Y (4)
*XM(6)wY(5)
*XH(7) B
*XH(8)»C

WRITEC2,50)YC1) s W,TQ,B,CoF1,(PIC1),121,4)
FORMATC1HO,F8,3,4F7.2/1H ,8X,4F7.2,F7,3)

IFC(A.GE HMAX)GO TO 1

1F(IT.EQ,U.CR.IPLOT.EQ.0)GO TU 31

PG 51 IKS=7,ND
FITCINS,Q=1)=PI(INS)
RETURN

END

H 759, NAFE HATHMODEL

&rov
2748
2749
2762
2770
2772
2774
2776
2778
2800
2810
2820

2830
2840
2940
PL 440
PL 450
PL 460
2950
2960

TR 75090 FsS
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Appendix D(concl'd)

0511
0512
0513
0514
0515
051¢
0517
0518
051¢%
0520
0521
0522
0523
0524
0525
0526
0527
052¢
05¢%
053¢
0531
053¢
0533
0534
0535
0536
0537
053¢
053¢
054¢

END COF SEGMENT,

SUBROUTINE INIT

INTEGER P,PF.«PM,PC,SD,C

DIFENSION PIC10),YC100),FYC10,25),DYC100),HQC100),5PC242),CWD(25),
1PSIC625) yEC25) » TIMEC100),08S(10,100),XSC10) +XM(22) 4 XX(22) 1 XE(L2) X
2CE2) 4dP(22) 42€¢3,22)12DC3,22) yORDERC22) 4 XP(22)1ACCIL) 4DTM(Y) ,YIN(S)

COMION/COMF /P +Y e DY HQ,SP/AB+C/D/FsGrH,VUIV WsCT1+C2sC3,C44C5,C6/FY
1+REORHOV,PHY»SG,C6C,SPHI ,CPHLI,TP,TQ,TR/

2NORIIE/PST CLOLE/DATA/ITH ,IT,MD,LC,SD,Q, HMAX,ACF ,REJ P, PF,PM,N/NF,
INTPC/AC, PB,OTM, YIN,TO, XA, TIME,0BS XS/

GMOCDEL/XE s XeXXe Xl ¢JPiORDER,BX/BYsBZsEXIEYIEZoNDIXP
1 TF(P.NE.PF)NYmN

1F(P.EQ.PF)KNIENF
2 DO 3 1=1,22
3 XP(1)=XX(1)

PO 5 1=4,18
5 XPC1I=sXXCI)eXt (1)

Y(1)=10

Y()=YIR(H)

Y(3)=XX{1)

Y(&h)=aX(2)

Y(5)=XX(3)

DO 4 186,70
@ YC(1)=0.0

Y(6)=1.0

Y{(10)=1.0

Y(ie)=1,0

UsYINC(T)

G=YIN(4I*C(S(YINCR))

RETURN

CND

LEMGTH 1é6s NAME INIT

65

6000
6001

x~NOw

6060
6070
5090
6092
6094
6096
6110
6130
6132
6134
6136
6170
6180
6190
6192
6194
6220
6230
6300
6310
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Table 1
INPUT DATA FOR LONGITUDINAL VERSION

Entry Fortran Format Item Units Couments
label symbol
] L 11 Entry label of next READ instruction
Title 1X,A79 Data
Title
3 AC(9) 3 cards in Instrument m Positions (x,y,z) of normal accelerometer, airspeed
3F10.3 positions indicator and angle of attack vane
SP{(4) 4F10.3 Iy kgm2 Moment of inertia
® k. Mass
s o Reference area 3 Aircraft constants
L m Reference length (usually c)
XE(22) 3 cards in Accuracy level to define convergence for each parameter,
8F10.3 listed in fixed order of parameters
4 ND Number of instruments
5 TO | card in to 8 Initial time
YIN(2) (F10,3,10X, v w/s Trim speed
YIN(4) F10.3,10X, P kg/m3 | Air density
YIN(5) 2F10,3) g m/82 Acceleration due to gravity
2 cards The trim values of:-
DTM(10) Be rad pitch angle
w o/s normal velocity (along z axis)
1 1n 8F10.3 € .
' q, rad/s pitch rate
ue m/s forward velocity (along x axis)
QE rad bank angle
n, rad elevator deflection
P, rad/s roll rate
r, rad/s yaw rate
a, g normal acceleration (~1.0 in steady horizontal, zero a
1 in 2F10.3 e flight)
oy rad angle of attack
XX (20) 3 cards in First Parameters listed in fixed order
8F10.3 guesses
JP(20) 2010 Chosen
order
6 REJ ! card in Initial data rejection level
ACF JF10.3 Factor on parameter accuracies
HMAX Maximum 1ntegration interval
P 1 card in Initial number of parameters to be identified using half
510 of observations
PF Final number of parameters to be identified using all of
observations
1T Init1al value of iteration counter
I™ Maximum number of iterations
LC Last case indicator
7 XS (4) 4F10.3 Weirghtings on instrument readings
L 211 Next entry label (8 or 9)
IPLOT Indicator for plotting requirements
8 NGAP (12, Spacing of observations points to be fitted (K6)
TF F8.4, Final time
IL 11) Paper tape loading indicator
9 Entry label for continuing with same observations
Rialaid Terminator Must be final card in deck
Paper tape 1mput
Fortran Format Item Units Comments
symbol
RUNAME I line in 5 alphanumeric character tape name
MDO A5,14 Number of observed data points on tape
For each time point:-
TIME (1) (F6.3, L 8 time of observation
0BS(1,I) 3F9.5) qa, rad/s pitch rate
0BS(2,I) az, g normal acceleration
COBS(1,1,2) n rad elevator position

NOTE: For this particular aircraft instrumentation only
q and a, observed
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Table 2

INPUT DATA FOR LATERAL VERSION

Entry | Fortran Format Item Units Comments
label symbol
1 L 11 Label number of next READ instruction
TITLE 1X,A79 Data Title startsin column 2, ending at column 80
Title Columns 2~20 are title put on graphs
3 AC(9) 3 cards Instrument | ft Positions (x,y,z) of lateral accelerometer, normal
3F10.3 positions accelerometer and sideslip vane
SP(8) 8F10.3 1,1 Aircraft constants:-
X"y slug ft2 . .
Iz’Ixz Moments and products of inertia
m slug Mass
S fe2 Reference area
2],22 ft Reference lengths
XE (22) 3 cards Accuracy level to define convergence for each parameter,
8F10.3 listed in fixed order of parameters
4 ND 12 Number of instruments
5 T0 6F10.4 tg 8 Initial time
YIN(5) v ft/s Trim speed
GE rad Trim pitch angle, relative to earth axes
p slug/ft3 Air density
g ft/s2 Acceleration due to gravity
09 rad Trim bank angle, relative to earth axes
R
DIM(9) 2 cards aze Normal acceleration
7F10.4 3y, Lateral acceleration
2Fi0.4 LA ft/s Normal velocity
q, rad/s Pitch rate
v ft/s Sideslip velocity Trim va}ues, all relative to
e genmetric body axes
P, rad/s Roll rate
r, rad/s Yaw rate
Ee rad Aileron deflection
Lo rad Rudder deflection
XX(22) 3 cards First Parameters listed in fixed order
8F10.4 guesses
JP(22) 2210 Chosen
order
6 REJ initial data rejection level
ACF 3F10.3 Factor on parameter accuracies
HMAX Maximum integration interval
P Initial number of parameters to be identified
PF Final number of parameters to be identified
IT 510 Initial value of iteration counter
1™ Maximum value of iterations
LC Last case indicator
7 XS (4) 4F10,2 Weighting factors on sideslip vane, roll rate, and
yaw rate gyros and lateral accelerometer
L 211 Next entry label, 8 or 9
IPLOT Indicator for plotting requirements
8 MD 13 Number of data cards to be read
1TD(T) Time Number of time point
O0BS(1,I) [ MD cards | 8 deg Sideslip
OBS(2,1I) | in 9F8.3 ] p deg/s Roll rate
0BS(3,I) r deg/s Yaw rate
OBS (4,1) ay g Lateral acceleration factor
0BS(5,1) -a, g Normal acceleration factor
0BS(6,1) \ ft/s Forward speed
0BS(7,I) h ft Height
0BS(8,1) £ deg Aileron angle
0BS(9,I) a deg Angle of attack
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Table 3
ARRAYS USED IN LONGITUDINAL VERSION

I AC(I) SP(I) YIN(I) ] DTM(IL) XS (1) ¢BS(I,J) C¢BS (J,K,I)
1 b 1 - 5] Wi q t

a y e q
2 Yo, v wg wiz a n

- i

3 zaz S q, WV VAS
4 X c p u wi o

v e a L Y

Vo

> Yy g Qe J is count over times at which
6 z n fitting is required (1 to MD)
7 v € K 1is count over intermediate

*a Pe time points (1 to NGAP)
8 y r

o e
9 z, a,

e
10 o
e

Parameters in fixed order
I | xxX(D) | xe(D) XM(I) z(1,1) | z(2,1) | 2(3,1)
1 8 ] aw/aeo aq/aeo au/ae0
2| v, Yo 1 Bw/awo aq/awo 3u/8w0
3| qq a4 1 dw/3q Bq/aq0 au/'c)q0
4 ?0 u0 1 Bw/a?o .
5 Xw —%w }oVS/m dw/ 3X .
6| X -% VST/ ow/ 3k . .
,a fg | tevseim ) mlat
7 Xy _fu ipvglm aw/a%u etc.
8 X =, $pV°S/m BW/BXn
9| Z, -%, }ovS/m aw/oZ
10 Zq —Zq 1oVST/m aw/aiq
iz -%u }oVS /m aw/aiu
2 “
12 | 2 -2
2 Z, :n 1pv°S/m aw/a?n
:Z " —ow %pVScéjy BW;B?W
= VSt /I ow/ M
15 -'q oq ip - y v vq
- ", -ou ipvgc/jy aw/a?u
M - V°S¢E/1 E)
N En m, jpV7SE y ow/ Mn
E 1 0
q
18 E E 1 0
32 3z
19 E E 1 0 0 0
v v
20 | E 1
o o )
* *
d
Also ZD(3,1) = = 2(3,T)

* The notation is that of Ref.5. The marking ¥ denotes a nondimensional (aeronormalised)
quantity, and ° for a dimensional quantity. Lower case letters denote concise
derivatives, and upper case for non-concise.
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Table 3 (concluded)

An example of array arrangements for a particular chosen order in longitudinal
program, as used for results in Fig.4:-

I

JP(I) | XX(I) I X(1) XC(I) Y(I)
13 60 1 L W, 1 t
1 Vg 2 ?0 4 2 | ea(t)
2 9, 3 ?n - 31 w(t)
12 ?O 4 h —Vmw 41 q(t)
16 5 Z -z 51 u(e)
W W w
17 X 6 M - 6 t
X q n(t)
11 % 7 Eq Eq 7 aw/'aw0
18 X, 8 Faz Ea, 8 | 3q/dw,
Z Z -3
5 g 9 q q 9 Bu/awo
9 10 yA -2 10
%q Z 2 :9w/aqO
1 1 -3
5 ?u 1 X, %, 11 Bq/aqo
10 %n 12 4y U, 12 Bu/aqo
4 M 13 ?0 60 13 3w/8¥n
6 14 M -Vm 14 | 3q/M
.4 Lu . u )0
14 f 15 %u —zu 15 Bu/g?n
3 M 16 X -x 16 | aw/aM
n W W w
7 E 17 - 17 M
q X q Bqlauw
X _0
8 E, | 18 : %, 18 | au/all,
19 E 19 E ; 19 | ow/3Z
v v v R
20 E, 20 E, E, 20 aq/a?w
* * 21 du/az
,W
4 4 22 aw/an
Fixed Chosen ’
order order 23 3q/an
24 au/aﬁq
* )
%(I) agd XQ(I) 'are 1?be}1e§ 25 /5
non—-dimensional' and ‘avionic' .4
respectively in output. 26 Bq/BZq
** See Fig.4. 27 au/aéq
28 aw/ain
29 aq/azn
30 au/ 3z
n
10 parameters
varying#**
also DY(I) = - y(1)
dt




Table 4

ARRAYS USED IN LATERAL VERSION

I AC(I) SP(L) YIN(I) DIM(I) XS(1) OBS(1,J)
Vi
! *ay I v 4ze V;B g
2 yay Iy Cg ay, b p
3 z I P w v
ay z e Vﬁr
4 Xaz Ixz g e ay ay
5 y m ¢ v ~-a
az e e z
6 z,, s Pe v
7 % robe L= r, h
8 Yprobe Ly =8 £ £
2 zprobe %e ¢
Parameters in fixed order
I XX (1) XP (1) XM(I) z(1,1) 2(2,1) 2(3,I)
1 A v, 1 Bv/avo ap/avo Br/Bvo
2 Py Py ] Bv/apo ap/apo ar/Bpo
3 o rg ] Bv/arO Bp/aro Br/Bro
4 Yy -y, VS/m av/ay, . .
5 -y 8
. P Yp VSs/m v/ayp . .
Y, -y, Vgs/m av/dy . .
7 y -y V°S/m dv/dy . .
£ £ 9 £
8 -y 0
; Yy ZC vV°s/m v/ByC .
R] -
v L VSSéIX av/oe, . .
10 L - vss /1 3v/ae . .
P P 2 X p
11 L, -2, VSs“/1 dv/ag . .
° 2 X r
12 3 -
£ Jfg vsz/Ix av/azg . .
13 2 -2
N n ‘e VoSs/I_ BV/MC . .
n, _?v vssélz av/anv .
15 n -n VSs“/1 3v/dh . .
P P 2 z p
16 n_ -n vSs“/1 3v/3n . .
or 2 z r
17 n -n vess/I dv/on . .
€ L& 2 z 13
18 n -n Voss/I 9v/dn 3p/dn 3r/dn
g 4 2 a 4 4 9
19 Eq Eg v2ss/1 0 0 0
z
20 E, E, v2ss/1 0 0 0
Z
21 E_ E_ vsz/Iz 0 0 0
. 2
22 Ea, Eay ' 5s/1Z 0 0 0
* *
d
Also ZD(J,1) = 4t 2(3,D)
* Note on notation, XX(I) and X(I) (see Table 4 (cont.)) store aerodynamic

derivatives non-dimensionalised as in Ref.8, and so that notation is used.
stores concise dimensional derivatives, and so the notation of Ref.7
is convenient.

XP (1)
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Table 4 (concluded)

An example of array arrangement for a particular chosen order in lateral program,
as used for results of Fig.8:-

* See Fig.8.

JP(I) XX(I) I X(I) Y(I)
1 Vo 1 o 1 t 21 Bv/anr
2 P 2 Py 2 $(t) 22 Bp/anr
3 T, 3 T, 3 v(t) 23 ar/anr
12 v, 4 L, 4 p(t) 24 av/azp
17 5 n 5 r(t) 25 ap/oag
”p v p/at,
18 v, 6 Ep 6 av/dv, 26 Br/BQP
19 Ve 7 Er 7 Bp/BVO 27 3v/3yv
20 v, 8 n_ 8 3r/ v, 28 op/3y
4 2 9 L 9 3v/3p,, 29 ar/ 3y,
10 10
9 Qp EB 8p/8p0 30 av/azg
15 L. 11 an 11 ar/apo 31 op/azE
13 L 12 v, 12 av/or 32 dr/on,
21 ) 13 2 13 op/or
- : 0 Added £
5 n 14 n 14 dr/or ed ror
v g€ 0 continuation
16 n, 15 L 15 av/aL, with 13
8 n 16 n 16 ap/a4, parameters
. r - P v varying*
1
ng yp 17 Br/BQv
22 n, 18 v, 18 av/anV
10 1
Eg 9 Ve 19 dp/on
6 Ep 20 Y, 20 ar/anv
7 E 21 2
r C 7 parameters
11 E 22 ing*
ay n, varying
4 4
Fixed Chosen d
order order also DY(I) = dt ¥ (D
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Table 5

FORTRAN SYMBOL USED IN COMPUTATIONS

COMMON BLOCK COMP (must contain 828 variables, as it is overwritten by SOLNORM)

Y (100) variables in F4RUNG Subroutine

DY (100) derivatives of Y(I) with respect to time

HQ(100) computing space in F4RUNG

PI(10) model vector of calculated instrument readings
FY(10,25) partial derivatives matrix

SP(242) spare computing space, 242 balances space in SOLNORM
H step length for integration

U mean trim speed

¢c1,c2,C3,C4,C5,C6  computing space )
A check on step length

B perturbation of aileron angle, £

C perturbation of rudder angle, ¢

G component of acceleration due to gravity, g cos 9e
W observed normal speed lateral
RHO air density, p >g§$§ram
RHOV oU

PHI bank angle, ¢

SPHI sin @

TP total roll rate

TQ total pitch rate

TR total yaw rate

CPHI cos 9 Longitudinal program only ~
D,F,V,SG,CG computing space not used in current programs

COMMON BLOCK GRAPH

FIT(4,100) calculated instrument readings

TD(100) times, scaled for plotting (2cm to 1s)

TITLE(10) contents of DATA TITLE in alphanumeric code

FIRSTIME time at which axis is to start

TAXIS length of time axis (cm)

TMOVE determines length of box enclosing graphs

The symbols introduced in the other COMMON BLOCKS are either defined in

Tables 1 to 4, or are self-explanatory.
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SYMBOLS

AXES: A geometric-body system of axes is used (with x-axis forward and z-axis

down), corresponding to the alignments of the accelerometers and rate gyros,

with origin at the cg of the aircraft.

Units:

provided that the data is consistent.

Dimensional quantities may be expressed in SI or Imperial units,

Angles are expressed in radians, unless

otherwise stated.

a, ay, a,

b
b

bx’ by’ 2
[
c

CL’CD’CN
D
E
Ep’ E_ etc.
e.s ey, e,
fes

%

g

IX, Iy, Iz
I

Xz
Lv’ Lp etc
21’ QZ
Mw’ M etc.
m
m
Nv’ N etc.
n
p
P
q
¥

T

forward, lateral and normal accelerations
wing span

(1y - Iz)/IX . (Iz - Ix)/Iy , (IX - Iy)/IZ
mean chord

[fki]’ an mn X p matrix

coefficients of 1lift, drag, normal force
[Rﬂi] , @ column vector of mn rows
[§xk] , a column vector of p rows
off-set errors in instruments

I /1., 1 /1, 1 /I

Xz X Xz 'y Xz "z

'c)T(x,ti)/axk , the partial derivative of the calculated instrument
readings vector at time t: with respect to the parameter X,

time rate of change of state variable, y. , as a function of
parameters, state and time J

acceleration due to gravity

moments of inertia

product of inertia

rolling moment derivative due to sideslip, roll rate etc.
characteristic lengths of aircraft

pitching moment derivative due to rate ol heave, pitch rate etc.
aircraft mass

number of data points (section 2)

yawing moment derivative due to rate of sideslip, roll rate, etc.
number of instruments (section 2)

roll rate

number of parameters (section 2)

pitch rate

yaw rate

number of state variables (section 2)
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SYMBOLS (continued)

RTr residual errors

S semi-span

S reference area (wing area)

Sk standard deviation of k'th parameter
ts i'th time point in data

to time at which analysis starts

u forward speed (speed along x=-axis)
v sideslip speed (speed along y-axis)
Ve aircraft speed in trim condition

w heaving speed (speed along z-axis)
1) instrument weighting matrix

X1,¥1,2, etc. instrument positions

Xl""’xp parameters

Xu, XW etc. longitudinal force derivative due to forward velocity, heaving etc.
YyseresY, state variables

Yv’Yp etc. side force derivative due to sideslip, roll rate etc.
ZW,Zq etc. normal force derivative due to heaving, pitching etc.
a angle of attack

B angle of sideslip

ka correction to k'th parameter

4 rudder angle

n elevator angle

8 pitch angle

€ aileron angle

m vector of instrument readings at time t.

He

LIPS vector of calculated instrument readings at time t;
o air density

o rms of the residuals of the observations

T complete set of relations required to calculate L
$ bank angle

Pe trim bank angle

¥ C*WC (section 2)

2 trim rate of rotation about vertical axis



SYMBOLS (concluded)

Suffices etc. these have been applied to the arbitrary letter X so as to
indicate their positions

X, trim values

X dimensional quantity

X, value at initial time

Xa relative to flight path axes

X aeronormalised quantity

X derivative with respect to time
*

transpose of matrix

75
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_ And transfer cords
( START ) — 17" images to disc

&
<

Y sy
> WRITE data
DATAREAD __<_7/ aed /

|

5
WRITE parameters
and accuracies

WRITE main
headings

INIT
\ l

— | MATHMODEL > F4RUNG ” FA4DERY
FPC=

WRITE computed
PC=lsa readings

J

A

CONTINUE

WRITE sensitivity
matrix ~

PC#1&|P>5D
SOLNORM

|
RITE sigma &
deg. of freedom

demand

IT>ITM or
|E(D)| < Accuracy demand

PC

A

Fig.| Flow chart of MASTER segment (omitting graph
plotter subroutines)
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HUNTER AG227 DEMONSTRATION RUN

$1680,0 7937.8 32.423 3.17
0,02 1.0 0.005 1.0 0,001 1.0 0.0 1.0
0,08 0.5 . 0.1 0.02 0.5 0,1 1.0 0,003
0,005 0,003 1.0 1.0

2

5.0 190.0 0,634 9.81
0.0 0,0 190.0 =-0,11853
«1.0

=5.893 6.527 -0,237 «0,365 -2,834 0,493

«0,105 0,493
131 212 16 17 11 18 59 15 10 4 6 14 3 7 8 19 20

10.0 1.0 0.25
10 10 1 8 2
1,0 0.1 0.0 0.0
82

b 24,6 0
(22 X ]

Start of paper tape

AR227

&N

N,OND =0, 15020 =1,.23610 ~0.10442 -0,621R7
D050 =0,14715 ~1,22032 -0.10442 -0,620a€
N, 10N =0 ,13996 ~1,21506 -0,10355 -0,61969
NoE50 =N, 13625 ~1,2]17€9 -0,10246 =N, 62187
N,PN0 -0,13P33 ~1,2P559 -0,10224 -0,6196°
N,250 -0,12797 -1,16772 -0, INIR] -N, €141
N300 =0,19557 «1,17R24 =0,10115 =-N,61314
0,350 =0,12121 =1,17035 =0,1011% -0,609%7
DoAND =0,11937 =1, 14662 =0,10050 -D,60EARN
0,450 =N, 11510 =1,16772 -0,10003 -0,6N223
N,500 «0,11227 «],1R350 -0,099%4 -0,60273
N.550 -D.1nenn -1,17924 =0,09941 -0,60550
N,6NN =N,10E61T «],1RRT6 =0,N99%54 -0,60550
N.ESH =0,10529 ~1.18350 ~0.097R% -0,60223
Ne700 =N,1N355 ~1,21765 =0,09745 -0,60441
0,750 -0,10268 -1,P3873 -0,09679.-0,€N660
N,200 -0,10290 ~|,24662 -0,094%3 -N,6NRTR
N850 =0,10050 -1,26766 ~0,09243 -N,£1314
n,onN -N,10333 -1,27292 -0,09025 -0,C100f
0,950 =0,10464 ~1,PR344 -0,008906 -0, 60769
1,000 -0, 10420 -1,22607 =0,08273 -0,60P23
1,050 =N, 1NR13 «1,293%6 -0,08%94 -0,60441

Fig.2 Data input for longitudinal program
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LONGITUDINAL ANALYSIS FUR FULL=SCALE A/C
R141C,

G.W.FUSTER,JAERO.DEPT,
HUNTER AG227

INSTRUMENT POSITIUNS

x4
0.000

51680,0

Y1 )
0,000 [}

M
7937.8

DEMUNRSTRATION RUM

NUMBER OF INCTRUMENTS = ¢

70
5.000

THETA.TRIN
0, 0000

E IAX
10,0000

0.000

W.TRIM
0.u000

ACCURACY
1.0000

INITIAL NO OF PARAMETERS = 10

INITIAL TTRN, = 1
SCALING OF
¢ A2
1.00 0.7
TAPE JDENTIFIER AG227
ONLY EVERY 4 POINT U
wo Qo
VARI. 0.000 v.0
( 0.000) « U0
DELTA 1.000 0.0
MU E£Q
VARIT, -2.834 =0,1
€ =1.110) ¢ =u.1
DELTA 0.1900 0.0
xu uo
VARI . 0.000 .0
( 0.000) ( V.0
DELTA 0.000 1.0
X XQ
VARIL, 0.000 t.0
( 0.000) « V.o
DELTA 0.001 1.0

SIGMA = U,0084 DEGREES OF FREEDOY

Wo 4o
VARL. ~2.004 -0.,¢
¢ =2.0%4) ¢ =0,V

LA Y "o

~ "N

1 X2 e 22 X3 Y3
LU0U V. 000 0.000 0.000 0,900 0.000
s CBAR
32.4 3.7
vT RHO 6
10,000 V.0 0.6540000 9.81
W.TRIW  U,TRIM PHI.TRIM ETA.TRIM  P,TRIN  R.YRIM
U.0000 190,0000  ©,0000 =0.1185  U,0000  0.0000
PELTA T
0. 2500
FINAL MO » 40
ITRN, FAXIKUM = 8
v ALPHA
ORIGUNAL NUMBER CF DATA POINTS 600
SED
¢ ETA MW W
0u ~0.493 -0.365 =5,893  NON=DIMENSIONAL
UU) ¢ =11.574) ( =8.569) ( =1,486) :AVIONIC
05 0.005 0.500 0,050
EAZ 20 Z ETA
05 -0.493 6.527 =0.237  :NON~DIMENSIONAL
U5) € =0.493) (  5.251) ( =11.428) :AVIUNIC
['F] 0,00> 0.500 0.020
THETAU MU r4Y)
0o .00V 0.000 0.000  ;NON=DIMENSIONAL
o) « 0. 000) 0.000) ¢ 0.000) :AVIONIC
wo 0.02v 1.000 0.100
X ETA EV EALPHA
(1Y) 0.000 0.000 ¢.000 tNON=DIMENSJONAL
UU) € 0.00U) C  0.000) ¢ 0,000) :AVIOUNIC
o 1.000 1.000 0.000
s 186
I FTA Mh 14
35 “0.246 ~0.249 =4,263  :NON=DIMENSIUNAL
33) ( =5.778) ( ~=S5.851) ( ~1.082) :AVIONIC

]

Hhonan

Fig.4a Results for longitudinal example

A o

n avs

RUN ON..20/09/74

]
0,000

AZ.TRIN ALFA,TRINM
=1.0000 0.0000



vEL I A VenuY
MQ
VARI, 4,501
( =1.763) (
DELTA 0.176
Xu
VARI. 0.000
( 0.000) ¢
DELTA 0.000
X
VARI. 0.000

( 0.000) «

DELTA 0.000

Veuuy

EQ
-0.10¢
=0.10¢)

0,009

uo
0.00V
0.00u)
0,00V

XQ
0.000v
v.00v)
V.00u

(

(

(

SIGMA = 00,0056 DEGREES OF FREEDOM = 146

wo
VARI. ~5.302
¢ =5.372) «
DELTA 0,423
MG
VARI. -3.26%
¢ ~1.281) «
DELTA 0.251
Xu
VARIL. 0.000
( 0.000) (
DELTA 0.000
XW
VARI. 0.000

( 0.000) «

PELTA 0.000

SIGHMA = 0,0053 DEGREES OF FREEDOK

WO
VARIL. 4,666
( =4.066)
DELTA 0.474
MQ
VARI. ~3.134
¢ =1.228)
DELTA 0.138
Xu
VARI. 0.000
¢ 0.000)
DELTA 0.000
Xw
VARI. 0,000

. nornas

Qo
=0.01>
-0.015)

0.00¢

EQ
=0.108
=0.703)

0.001

uo
0.000v
0.000)
0,00V

XQ
0.000v
v.u0uv)
0,00V

Qo0
=0.00%
=0.00%)

U.0U>

£EQ
-0.103
~U.103)
U.001

uo
U,00v
v.00v)
v.00u

X0
U,000

0ooeveve N

(

(

(

(

(

(

VaUi VeVVJ Ve lJdu
EA2 r4¥ Z ETA
“0.548 ~12.655 =0.,565
~0.548) ( =10.181) ( =-27.250)
0.00Y 3.178 0,159
THETAL MU Zu
0.000 0.000 0.000
0.00u) ( 0.000) ¢ 0.000)
0,000 0.000 0.000
X ETA EV EALPHA
0.000 0.000 0.000
0.000) « 0.000) ¢ 0.000)
0.000 0.000 0.000
b ETA Mh 9
=0.20¢ ~0.140 =-2,393
=4.?750) ¢ =3.295) ( =0,607)
0.008 0.006 0.143
EAZ 2¢ Z ETA
=0.540 -19.019 =0.286
=0.546) ( -15.,301) ( =13.806)
0.006 4.504 0.111
THFTAO ML P4l
0.000 0.000 0.000
v.00V) 0.000) « 0.000?
0.000 0.000 0,000
X ETA EV EALPHA
.00V ¢.000 0.000
0.000) ( 0.000) ¢ 0,000)
0.000 0.000 0.000
= 186
M ETA Mk W
=0.214 ~0.185 3,092
=5.017) ( ~4.349) ¢ =0.785)
0.000 0.003 0.073
EA2 G Z ETA
~0.544 -5.617 =0.224
~0.544) ( ~4.518) ( =10.824)
0.00> 2.853 0.079
THETAOQ nu u
G.00v 0.000 0,000
0.000) « 0.000) ( 0.000)
U, 00u 0.000 0.000
X ETA Ev EALPHA
0.000 0.000 0.000

fnoonnaN

4

n nnAnN

Fig.4 b

. LYY, N Y

tNON=DIMENSIOUNAL
tAVIONIC

tNON=-DIMENSIONAL
:AVIONIC

:NON=DIMENSIUNAL
tAVIUNIC

:NON=DIMENSIONAL
tAVIONIC

:NON=DIMENSIOUNAL
sAVIONIC

sNON=DIMENSJUNAL
:tAVIONIC

:NON=DIMENSIUNAL
tAVIONIC

sNON=DIMENSIONAL
tAVIONIC

:NON=DIMENSIONAL
tAVIONIC

:NON=DIMENSIUNAL
:AVIONIC

sNON=DINENSIONAL

YR UYYR N



\ VeVVVZ2 VasVVV/Z Veyuuy A Vevvyus A VeVuv) HLAXL L XY
DELTA 0,000 V.00 0.000 0.000 0.000

SIGMA = 0,0052 DEGREES OF FREEDOF = 186

N0 Q0 ¥ ETA MW td]
VARI, =5,019 -0,013 -0,20¢ =0.187 -3,087 tNON=DIMENSIONAL
¢ =5,019) ¢ =0,013) ( =4,746) ¢ =4.381) ¢ =0,783) :AVIONIC
DELTA 0.490 0,000 0.005 0.003 0,088
Ma EQ EAZ 2Q Z ETA
VARI. 2,625 =0.103 =0.544 =0.740 =0.094 tNON=DIMENSIONAL
¢ =1,028) ¢ =0.103) ( =~0.544) ( =0.595) ( =4.533) AVIONIC
DELTA 0.149% 0.00% 0.005 2.955% 0.082
XU vo THETAO L1} v
VARI. 0.000 0. 000 0.000 0.000 0,000 tNON=DIMENSIONAL
( 0.000) ¢ 0.000U) ( 0.000) ¢ 0.000) « 0.000) :AVIONIC
DELTA 0.000 0. 000 0.000 04.000 0.000
Xw XxQ X ETA EV EALPHA
VARI. 0,000 0,000 0.000 0.000 0.000 tNON=DIMENSTONAL
( 0.000) « 0.00V) ( 0.000) ( 0.000) « 0.000) :AVIONIC
DELTA 0.000 0,00v 0.000 0.000 0,000

SIGMA » 0,0052 DEGREES OF FREEDOM = 186

CHANGES FOR FOLLUWING PARAMETERS ALL SMALL

Wo Qo v ETA My W
VARI, =5.076 «0.013 0,203 -0.187 3,086 tNON=DIMENSIONAL
¢ =5.076) ¢ ~=0,013) ( ~4.756) ( ~4,382) ¢ =0,783) :AVIONIC
PELTA 0.380 VU,004 . 005 0.003 0,084
ma EQ EAZ 20 2 ETA
VARI. =2.631 -0.103 ~0.544 ~0.976 0,098 tNON=DIMENSIONAL
¢ =1,038) (- =0,103) ( =0.544) ¢ =0.785) ( =4,735) AVIONIC
PELTA 0.133 0.001 0.00> 2.755 0,078
xv uo THETAC MU 14"
VARI. 0.000 0,00 v.000 0.000 0.000 :NON=DIMENSIONAL
¢ 0.000) ¢ 0,000 0.000) ( 0.000) ¢ 0.000) :AVIONIC
DELTA 0.000 0,000 0.000 0.000 0,000
Xw XxQ X ETA EV EALPHA
VARIL, 0,000 0. 000 0.000 0.600 0,000 sNON=DIMENSIONAL
( 0.000) « v.00u) ¢ 0.000) 0.000) ¢ 0.000) :AVIONIC
DELTA 0.000 0,00 0.000 0.000 0,000
T(SECS) ETA Q AZ AIR BPEED ALPHA cesermanenccesnfRRORS 1N MATCHING ~-~cemesconsne
Q AZ AIR SPEED ALPHA
5,200 0.03201 =0,12145 =1.,16493 =0,00455 =-0,00817
5.400 0,02781 =0.12458 =1.16002 =0,00012 =0.00269
5.600 »0.050%5 =0,08773 ~1,15533 =0.00230 =0.00150
5.800 =0,03¢79 =0.03527 =1.35683 0,00410 ~0.00081
6.000 =0,02800 =0.01978 =1.,60499 0.00234 0.00191
6.20V ~0.02625 =0.02228 -1.8303¢ 0,00135 =0,00028
& snn - Nhpint' -0 NTFTA -f DNORY N AANG? N ARTea

Fig.dc



ViUV "YU VEaNY Y V.V JdV T 177V I Va.VUVVUSe VeVVaL}

6.600 =0,02407 -0.05398 “¢,09575 -0,00052 0,00023
6.800 ~0,02582 .0.07263 -2.12369 ~0,00498 -0,00014
7.000 -0.03127 -0.08377 -2,10400 =0,00888 -0,00105
7.200 «0.03323 -0.08861 -2,06773 -0,00775 0.00111
7.400 ~0,03715 -0,08850 -¢,U2946 -0,00916 0.01201
7.600 -0,03868 -0,08383 -2.00603 -0,00577 0.00493
7.800 ~0,03781 ~0,07937 -2,00056 -0,00434 0,01149
8.000 -0.03563 -0,07719 -2.,00586 «0,00129 0,00491
8.200 -0,U3584 -0,07659 -2.,01248 =0,00189 0.01373
8.400 “0,03497 -0,07657 -2.01966 0.00180 0.00366
8.600 ~0,03497 -0,07697 -2,02462 0.00176 0,00574
8.800 ~0,03650  =0,07703 -2,02721 -0.00298 0.00642
9.000 =0,03584 -0,07666 -2.03144 =0,00095 0.00300
9.200 =0.03475 -0.07742 ~2.,03458 -0,00215 0,00042
9.400 -0.05558 -0,07935 ~2.03302 “0,00414 0.00027
9.600 =0.03545  =0,08075 -2, 02682 -0,00649 0,00570
9.800 -0.03301 -0.08234 ~2.01719 -0,00595 0.00184
10.000 ~0.03192 -0,08377 -2,00512 =0,00517 0.00300
10.200 ~0.01404 -0,08306 -1,99807 -0,00328 0.00229
10.400 0.03501 -0,12662 -1.94537 0.00367 0.00018
10.600 0.045%4 ~0,17344 -1.75108 0.00558 -0,00373
10.800 0.04307  =0,20080 -1.47650 0.00809 -0,00305
11.000 ~0,0U580 -0,19271 -1,18899 0.00458 -0,00208
11.400 ~0,041¢9  =0,12834 -1,06360 0,00255 «0,00200
11.400 “0,04635 -0,06377 -1,16248 0.00382 -0,00552
11.600 ~0,U4544  »0,01044 -1,39983 0.00069 -0,00519
11.800 ~0,04783 0,00431 -1,69511 -0,00017 -0,00354
12.000 -0,03584 0.00567 -1,98908 -0.00109 “0,00150
12.200 v0,01186 -0,02438 -2.20170 -0,00352 0.00030
12.400 0.00841 ~0.,07595 -2.26084 «0,00231 -0,00115
12.600 0.00754 =0.12331 -2.15719 0.00036 =0,00152
12.800 0.00¢74  =0,15049 “1.96338 “0,00037 -0,00223
13,000 0,00122 -0,15°88 -1,75090 0.00096 0.00154
13.200 ~0,00162  =0,15489 “1,56480 0.00098 ~0.00211
13,400 =0,0U532  =0,13067 -1.43588 -0,00050 -0,00159
13,600  =0,00511 -0,12112 -1,37709 0.00166 -0,00221
13,800 -0,00532 -0.,10442 -1,37655 0.00527 -0,00173
14,000  =0,00532 »0,0919¢ -1,6171¢ 0.00603 0,00206
14.200 ~0,00374 -0.08534 -1.47041 0.00642 -0,00434
14,400  »0,00249  =0,08463 ~1,54096 0.,00702 «0,00370-
14,600 ~0,00096 =0,08801 -1,58959 0.00648 -0,00726
14.800 »0,0U009  =0,09333 -1,61799 0.00460 «0,00521
15.000 0.0V056 .0.09930 ~1.6258Y 0.00294 «0,004%5
15.200 0.02520 »0.11476 -1.61671 0,00336 -0,00586
15.400 0.U4133 »0.14435 -1,53654 0.00200 «0,00494
15.600 0.04046 -0,16708 -1,38359 -0,00034 -0.00682
15.800 0.03740 ~0.17448 -1.21128 0.00030 -0,00301
16.000 0.03435 -0.16559 -1.06267 -0,00110 -0.00498
16.200 0.C3239 “0.15693 -0,96284 -0,00395 -0,00287
16.400 0.05¢61 “0.16231 -0.91826 -0,00680 -0,00075
16.600 0.035¢17 ©0.12928 -0.91888 -0,01089 0.00115
16,800 0.03¢61 »0.1165¢0 -0,95196 =0,015064 -0,00054
17.000 0.05261 -0,11405 -1,00086 -0,01326 0.00751
17.200 0.03195 ~0,11217 -1,05197 -0,01122 0.01078
17.400 0.056435 -0.11372 -1,09758 -0,00640 0.00771
17.600 0.03610 -0.11861 -1,12638 -0,00238 0.01480
17.800 0.03675 =0.12447 =1,13475 0.00239 v,01038
18.000 0.03697 ~0.1245b -1,12612 0.0053¢ 0,00873
18.200 0.03740 ~0.13331 -1,10653 0.00752 0.00519

Fig.4d



10,4hUV
18.600
18,800

19.000
19.200
19.400
19.600
19.800
20.000
20,200
20.400
20.600
20,800

21.000
2¢1.200
21.400
21.600
21.800
2¢.000
22.200
22,400
22.600
2¢.800

23.000
23,200
23.400
23,600
23.800
246,000
£4,200
264,400
24.600

¢8 CUT OF

U,Vdron
0.03762
0,03849

0.04002
0.,03958
0.03915
0.,05849
0.03762
0.03806
0.,03740
0.03740
0.03653
0.05740

0.038649
0.03806
0.05719
0.0206%4
0.00165
=0,00106¢2
=0.00g49
=0,00489
=0,00532
=0,00>32

~0,00707
~0,00%03
=0,00685
=0,00576
=0,00554
=0.004L9
=0.,00558
»0,00558
=0.00336

"U. 13200
0,13634
»0,13601

»0,13555
=0,13498
00,1334
=0,13130
“0,12918
=0.12751
*0.12677
»0,12628
~0,14618
*0.14661

»0.12809
=0.12958
»0,13034
»0.12765
=0.10675
»0.08291
=0.006024
=0.0620>
=0.06293
=0.07004

=0,07960
»0,08673
*0, 09434
=0.10161
=0,10683
=0.10%66
*G,1103>
»0.10%84
=0,10784

99 PULINTS ACCEPTED

RMS SENSITIVITY MATRIX

Q

0,0060y
0,00159
0,0390¢
0,03654
0,01944
G.01780
0.10308
0, 00000
0,0009>
0,000¢¢

AZ

0.044306
0.09050
0.40960
0.3/¢650
0.35408
0.%¢6¢2
0,00000
0.54413
0.0u241
0.01205

1,813y
=1,05544
=1.,03366

-1,01671
=1,00238
=0,99340
=0,.99000
~-0,.99462
=-1,00401
-1,01455
=1,0257¢
=-1,03543
=-1,06443%

=1.04%915
=-1.04805
~1.0437V
~1.03676
=-1,05778
=1.1543¢
=1.29160
-1,43608
=1.56711%
=1,6667>

=1,7264¢
-1.75399
-1.75909
-1,74159
-1,70862
-1,66968
=1.6322¢%
=1.9994¢
-1.57537

CEGREES OF FREEDOM 196

ALPHA

Fig.de

V.UVoOY
0.00619
0.00347

=0,0009¢
=0,00149
=0,002864
«0,.00473
«0,00336
=0.00220
=0,003581
=0,.00321
=-0.00375
=0,00157

0.00100
0.00249
0.00325
0.00692
0,00407
0,00290
0.00982
0.00820
U,00607
0.00551

0.00461
0.0030¢
=0,00049
=0,00794
-0,00130
0,003006
0.00375
0.00633
0.00582

V,0ucid
0,00140
0.0002?7

-0.00379
0.00240
0.00613
0.00178
0,00636

=0,00638
0,00046
0,00368

=0,00139
0,00291

0,00261
0,00697
0.00311
0.00768
0.00216
«0,00108
=0,0012¢
=0,01209
»0,00819
=0,00690

=0,00699
~0,01186
=0,0092¢4
-0,00021
=0,00167
-0.00293
=0.00746
=0,00259
=0,00947
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GNAT
‘1.750
2.250
15.670
1403,1
1.0
0,005
0.1

4
1¢6
.47
0.0049
'31‘
'0.105

123

11407
0.580 «1.000
~1.00 0.00
0.0 0.0
8012,8 9180.7
0.1 0.02
0.015 0.05
001 0,005
751.0 0.111
0.031 953.6
0,527 «0.183
-05331 0.033
© 0e2 0.15
71
0.10 0-20
-0437 29.08 -12,62
0e46 TeT0 =10469
lels -0.31 ~7.84
1.97 -15057 =5.25
2.04 -21’.34 ’3-62
1097 -34064 0.85
1+29 -37.31 2071
0.76 ‘31.97 4.27
0.46 -25010 4'27
-0.59 =7.56 2.93
-0052 -2098 1589
=1l.19 4,26 =0e34
-1.27 l#u“ﬁ '1083
=097 21.77 =3.91
'0.97 20455 ~5440
=0e44 16.49 ~6.33
0.01 12,83 6459
0039 5079 =548
0.69 -2.22 -4406
0.99 -8470 -2+87
0.99 -11.31 -IUI‘G
0.61 =11,76 0.33
0461 -9.85 1.67
0.31 -7.56 2404
0.01 ~6e42 ln59
-0¢37 -1.03 le22
‘0.74 3.50 048
=0.52 Te70 -0.71
=“0eb4 9.2¢ -2.05
-0es14 9.22 ~3.24
009 8,08 =3.69
0.09 4426 -3.62
0031 2436 =3¢54
0e46 0,83 ~3.09
00“6 '1.46 ~-2¢950
0039 -2.22 -1.61
Ne61 =-3,75 ~0e94
0.61 '3.75 ‘0.56
0.46 ‘3.37 -0027
0.39 -2+98 -0419

Fig.6a

-115.8
0.05
0.l
Ol

0.00114
0.099

‘0.223
=0.,066
~le762

1.00

-0.017
-0ell4
-0.172
-0.195
-0.186
-0.158
-00039
=-0.012
0.094
0.163
0.176
0.165
Vel53
0.129
0.078
0.025
-0.01¢2
«0.049
-0.075
=0.075
=0.0063
~0.040
-0.008
0.018
0.055
0,073
0.08¢
0.080
0.069
0.057
0.032
0.011
~0.010
‘0-022
=-0.026
-0.022
-0.008
0.015
0.018
N.036

205.13
0ol
0.1
0.05

32.2
'1.44

0.137

2.093
20060
2.060
2.180
24311
24409
24572
2.724
24713
24681
2¢626
24939
ceb28
24485
2e452
20419
24332
2.234
24223
24321
24387
2+409
20485
2.485
26496
2.485
24463
24452
24398
2e376
2e321
2¢300
2.267
24267
2267
2.289
24354
2.398
2.398
24365

175,0

0.1

0.005
0,005

-1.192
0.119

0,091
0,031
12 17 18 19 20 4 915 13 21 S 16 8 14 22 10 6 7 11

749,6
749.8
75042
750.8
751.9
751.9
74946
75149
751.3
T49.8
150.2
T49.6
T50.8
7516
753.0
750.7
152.4
750.5
TS51.6
75143
75244
150.7
751.6
753.0
15245
750.8
75149
7153.4
15244
751.1
751.1
751.1
751.3
75045
749.9
749.9
750.5
750.5
75240
150.9

23003,
23020
23004,
23003,
23003,
23003,
23003.
23003,
23003,
23020
23003,
23003,
23053,
23070.
23087,
23087,
23087,
23070,
23070.
23087,
23087,
23087,
23070,
23087.
23137.
23137.
23137,
23120,
23170,
23204,
23204,
23204,
23221,
23204,
23204,
23204,
23204,
23204,
23271,
23322,

Data input for lateral example

11.5
0.1
0.05

-0.039

0,49
0.49
0449
0.49
0,40
0.40
0e40
0.40
0440
0.31
0.13
0.04
0,04
0.04
0.04
0.04
-0.05
0.04
0e04
=0.05
~0,05
‘0'05
=0.05
0.04
0.04
0.04
0.04
0.04
V.04
0.04
Ue04
0.04
0.13
0.04
0.04
004
=0405
=0.23
=-0el4
=0.1é

12.0
0.1
0.03

~0,442

1.97
l.62
l.67
1.72
2607
222
2¢41
2e61
2ol
2e¢31
2436
222
2.22
2.22
2.12
207
1.87
1.87
192
197
2.02
2,02
1.92
2.02
l1.87
l.87
1.77
1.67
1.58
1.67
1.67
l1.82
1.92
1.97
197
2+12
1.97
1.97
1.92
l.82
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1313172
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0,039
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Fig.6b
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-0.,32
=0.05
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Fig.7 Aileron and angle of attack inputs for lateral example



PRUGRAM D1 JULY 1973 DUTCH ROLL ANALYS}B FUR FULL SCALZ AIRCRAFT?
A,J.ROS8 AERD, R141BLDG, PROG A23)D

GHAT 11407 DEHUNSTRATIUN RuUN
X AY Y. AY Z.AY X,AR Y. AZ 2yAZ X.P8 YoPB 1,P8
1,5 0.580 ~1,000 2,23V =~1,0uy v,000 15,670 0,000 0,000
X 134 44 3.7 " ] u L2
1403.1 801z,8 ?180,7 112,48 203.1 173,0 41,50 14,00

NUMBER QF INETRUMENTS = 4
10 VY THETA RHO 4 PHT
1,600 751,0 0.117 0,V011400 32,40 1,192
JZ,TRIN  JY,TRIM W,TRIN Q,TRIM v, TRIN P TRIM R.TRIM XSI1,TRIM ZETA,TAIM
5,470 0,034 53,600 0,099 1,460 0,149 «0,039 0,003 0,000

E qAX ACCURACY DELTA T
10,0000 0,2000 0,.1500

INITIAL NO OF PARAMETERS = 7 FlNAL NO = ¢

INITIAL JTRN, = 9 JTRN. MAXINUM = ¢
FCALING OF
BETA P R JY
v,20 Q.10 0,20 1.00
vo PO RO Ly NV ER ER NR

VARI. »3,400 0,327 ~0,183 =0,105 u,upg =1,762 0,137 w0,hd2
DELTA 1.000 0,100  0.020 0,v05 y,vu> 0,100 0,050 0,030

LP EBETA EAY v WAL NXL LR
VARI, =0, 3314 v, 000 0,031 0,423 w=y,v00 0,000 0.033
DELTA 0,018 0,008 0,005 0,050 wv,v0 0,100 0,050

NP Yp YR YX1 Y41 Lzv NZT

VaRl, 9,000 0,000 0,000 0,000 y,vuy 0,000 0,000
DELTA 0,030 0.100 0,100 0,100  v,T0 0,100 0,100

81GMA » 0.1303 QUEGREES OF PREEDPOM = 457

Vo PO RO Lv Y Ep ER NR

VARL., =B, 169 0,377 ~0.186 =0,U98 0,uya «w8,172 0,127 w0442

DELTA 0,868 0,u39 0,008 0,003 p,uuy 0,229 0,103 0,000
P ERETA EAY \1 UL NX] LR

VARI. n0,331 0,000 0,031 V.4235 =y, v00 0,000 0,033
DELTA 0,000 0,000 Q0,000 U.v00 u,uu0 0,000 0,050

NP YP YR ALY V4T Ler NZT
VARI. 0,000 V,un0 0,000 v.u00 v,y 0,000 0,090
DELTA 0,030 0,100 0,100 0,100 v, 100 0,100 0.100

81GHA = 0,1301 DEGREES 0OF FREEDOM = 157

Fig.8a Results for lateral example

RUN ON  24/09/T74

-



vo PO
VARI, =B8,667 0,374
PELTA 0,876 0,u39

LP EBETA
VARI, =0, 331 0,000
DELTA 9,000 0,000

NP Yp
VARI, 0,000 0,000
DELTA 0,050 0,100

SIGNA = 0,1196 DEGREES

Vo Py
VARL, =10,051 0,344
DELTA 0,832 0,036

Lp EBETA
VARL,  =0,331 9,000
DELTA 0,000 0,000

NP YP
VARI, 0,000 0,000
DELTA 0,050 0,100

8I1GMA & 00,1194 DRGREES

CHANGES FOR FOLLOWING

Vo Py RU Lv NV
VARI., =10.154 0,340 =0,185 =u,l00 U, uyY>
NELTA 0,819 0,037 0,005 v,u03 v, vl
LP ERETA EAY Yv LAl
VARI ., w0, 331 0,000 0,031 0,225 wy,voo
DELTA 0,900 0,000 V. 000 U, U000 v,y
NP YP YR YAI Yer
VARL. 0,000 0,000 0,000 000  y,vvy
PLLTAR 0,050 0,100 0100 (O K1Y U1V
40 T OF 42 POINYS ACCEPTED
RitS  SENSITIVITY MATRIX
RETA P R AY
vu 0.24337 3, 45540 0,447 U,vIuHY
Pu 0.02846 2,10133 Uy11522 V,uvodo
Ry 0.83717  13,16474 1451 V,varEe
Ly 0.41347 11,67023 1439337 VU, V1YY
NY 1.66022 ¢£5,u73489 0,12365 (IR'rEY Y4
Ep 0.00Q00 4,27224 O, u0u00 (U Y
ER 0.00000 0,90090 Uy19468 v, vuu

RO Lv NV

0,184 w0,u9Y V,uve
0,005 u,u03s g, vun
EAY Yv LAl
0.031 0,d¢3 my,upe
¢,000 ¢, U0 U,y
YR YXI VAT
a,000 U,v00 v,y
0.1¢C0 0,100 V,190

OF FREEDUMN = 153
RO Lv NV
0,185 =u,70Q U,uy>
0,005 ¢,v03 v, v
EAY Yv LAl
0,031 U,€23 =u,v00
0,000 9,v00 v,vuu
YR Yxl Y&T
g.000 u,00Q v, v
0,100 1,100 U, v

OF FREEDON = 153

PARAHETERS ALL SMALL

Fig8b

EP
0,428

NXY
0,000
0,000

Lar
0,000
0,100

EP
3 ,4a9
0,411

NXI
0,000
0,000

Ley
0,000
0,100

EP
8,272
0,211

NX]
0.000
o,v00

L2T
0,000
0,100

DEGREES UF FREEDUN 160

BR.
0,187
0,396

LR
0,033
0,050

NZTY
0,000
01100

ER
0,195
0,090

LR
0,033
0.050

NZT
0,000
0.100

NR
n0,h42
0,000

NR
=0, 442
0,000

NR
nh, 442
0,000



PROGRAH Dt
A.J.R088 AERO, R161BLPG, PROG AZ2>D

JULY 1973

GHAT 11407 CNNT,

E 1AX
10.9000

ACCURAGY

n,2000

DUTCH RULL ANALYSLS FOR

DEHUNSTRATIUN RUN

DELTA
0,1%00

INITIAL HO OF PARAMETERS = 13

INITIAL ITRN.

SCALING n¢
BETA
0,20
vo
VARI. =10,1%
DELTA 1,000
LP
VARIL, =0,331
PDELTA 0,015
NP
VARI, 0,000
DELTA 0,0%0
S1GHA 0,1054

VAR,
DELTA

VARI,
DELTA

VAR,
DELTA

S1GMA

VARL.
DELTA

VARL,
DLLTA

VARL,
nitTA

vo
=5,049
0,967

LP
~0,203
0.019

NP
0,000
v, 00

n,0905%

Vi
5,636
0,826

LP
=g, 261
0,012

WP
,000
~oanp

1

p
0,10

Py
Q.340
0,100

EBETA
0,000
0,009

Ye
0,000
0,100

QBGREES

P
0,339
0,044

EBETA
0,147
0,083

Yp
g, 000
0.v00

DEGREES

pPU
0,354
0,034

EBLTA
0,143
v.ure

Y
0,000
TIBIE

T

FiNAL NO » 12

ITRN., HAXIHUM = ¢

R
0.20

RO
=0.183
0,070

EAY
0.031
0,005

YR
0,000
0.100

OF FREEDUM = 151

RO
0,170
0,006

EAY
-),002
0,047

YR
V,000
v,000

OF PREFDOM = 147

RY
=0,172
0,005

EAY
0,006
g.v15

Yi
V.0
n onn

JY
1,00

Ly
»0,100
U,005

Yv
v, €33
0,050

YR1
0,000
9,100

Ly
", 088
1,008

Yv
", 683
V,V648

YAl
V,v00
H,000

Ly
»),087
1,003

v
), £04
v,v36

YX]
1,000
e

NV
N T
v, uus

LAY
"y, vb0
v,

YAT
v, Uy
v,100

NV
v,uve
v,vu

LAl
Y, V38
v,Ve

ver
v,y
v, uvu

NV
v,uvs
v,

LAl
-y,ud4
[

ver
v, vy
nowun

EpP ER
-8,472 0,195
0,100 0,050

NXI LR
0,000 0,033
0,100 0,050

%1 N2t
0,000 0,000
0,100 0,100

EP ER
w?,707 0,153
0,690 0,086

NX1 LR
0,000 0,033
o,u00 0.000

Ler N2T
0,000 0.020
0,090 0,000

[14 ER
8,459 0,165
0,462 0,075

NX] LR
0,u00 n, 033
n,u00 0,000

(X34 N2Y

o,ua20 0,000
N udn a 0nn

Fig.8¢c

FULL SCALE AIRCRAPT

NR
=0, 442
0,030

NR
~0,264
0,028

L1
=0,272
0,023

RUN ON 26709774



8I1GMA = 0,0909 DEGREES OF FREEDOM = 147

VARL.
DELTA

VAR].
DELTA.

VARL,
DELTA.

vo
n5,647
0.828

Lp
=0,262
0,012

NP
0,000
0,000

PO
0,355
0,034

EBETA
0,146
0,072

Ye
0,000
0,000
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