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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. 
the authors. 

Readers requiring clear copies should apply direct to 

* Replaces RAE Technical Report 75090 - ARC 36303. 
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I 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.], and a large number of papers is collected in Ref.2. 

The possibilities of such methods were demonstrated at RAE by Waterfall 394 , 

who developed programs to obtain derivatives from the coupled longitudinal and 

lateral responses of rocket-launched free-flight models. Two Fort-ran 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, 
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(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 s>ufficient for naost 

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 ti , these instrument readings are denoted by the n-dimensional vector 

Tr. . 
1 

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 xl, k = I . . . p , and the r state variables 

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

time ti , 

IT. 1 
= T(x1,x2 . . . x ,t.> , 

c Pi 
(1) 

where the function ?' includes the equations of motion, kinematic relations and 

the expressions for the instrument readings. 

Thus the residual errors are given by 

R = 'i - 'i ' IT, 
1 C 

The optimisation procedure is to determine the values of xk which 

minimise the cost function 

(2) 

(3) 

where w. is an 1 
n x n diagonal matrix of the weights applied to the observed 

response variables, and * denotes transpose. In the current programs 

described here, wi are constants, independent of time, chosen according to the 

relative amplitudes and reliability of the response data. 

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

from first principles, by considering an updated set of parameters, $ , where 

G = Xk+G\ , 

and the 6\‘S are to be determined. 

Then the corresponding vectors are given by 

(4) 

1 IT. 
1 

= r<,t. 
( 1 1 

C 
(5) 

R' = IL-IT; 
7T. 1 1 C 

(6) 
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m 
u' = 

c 
R;y;R; . 

i=l 1 i 

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

P 
IT! = Tr. + f . 6 1 1 c ki 

C C k=l 

(7) 

(8) 

where f 
ar(xl . . . x ,tQ 

ki = a\ 
, and are written as m-dimensional column vectors. 

The correction procedure assumes that (6rc) 2 is negligible, which linearises 
equation (8), but necessitates an iterative solution until the assumption is 
valid. Then equation (6) may be written 

P 

RIL = RT. - 
c fki l “% ’ 

1 1 k=l 

or in matrix form 

D' = D-CE 

where D= RV c 1 , a column vector of mn rows 
i 

c = ‘fki , [ I a mn x p matrix 

E = c 1 &“k ’ a column vector of p rows 

Thus equation (7) becomes 

U' = D'*WD' , where W is an nm x nm diagonal matrix 

= (D* - E*C*)W(D - CE) . 

(9) 

(10) 

(11) 



Since W is a diagonal matrix, it may be shown that 

? [ 1 a& = - 2C*WD * 2C*WCE 

= 0 , (12) 

for U' to be a minimum value of U . 

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

E = Y%*wD , (13) 

that is, the increments 6rc 
required to correct the parameters xk are known 

in terms of the partial derivatives fki and the residuals R 
IT. l 1 

The computed readings r. are usually expressed explicitly in terms of 

the state variables yj (rathi$ than the parameters \) , so that 

fki = 
aT(x] . . . x ,ti> r ari(Y, --* Y,> 

= 
ax, c ay. 

.ayj 

j=1 
J 

a% l 

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

so that 

jrj = gj (Yl .*' 'ryxJ .'* xp'ti) 

. 
=%=agj= 

axk a\ 

(14) 

(15) 

(16) 

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

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

the partial derivatives 
( > 

3 

a% * 
The remaining partial derivatives required 

t. 1 
in equation (14) are obtained algebraically. 

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

starting values of the parameters xk , and the iteration continues until E 
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is negligible and so (6%) 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, u 2 , and the variance 2 
'k of the parameters xk . The 

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

u2 = 0: - (E*C*WD)/(mn - P> (17) 

where aO is the rms of the residuals of the observations using the uncorrected 
parameters. If the parameters are uncorrelated, then the covariance matrix, 

2 -1 cov(E) = u '4' , is a diagonal matrix, and so 

2 Sk = u2Y'l k 

where 'k is the kth diagonal element of '4' -1 

the probable error in xk is then given by 

, (18) 

. At the 95% probability level, 

Axk = 2Sk (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 G (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. 

W 
affect the response in the same way, i.e. the degree of correlation 

is near unity. In order to obtain consistent values independent of first 

guesses 9 "G is set to zero, and the value obtained for m is taken to be 
4 

equivalent to the total damping-in-pitch derivative, m + m. . In the lateral 
4 w 

Dutch roll oscillation, the derivative Rr does not usually have significant 

effects on the response, and so R r has to be kept constant at its estimated 

value, to avoid divergence of the iteration procedure. The possibility of 

determining nr and/or 
nP 

depends on the type of Dutch-roll response, whether 

it is predominantly yaw or roll, and so some judgement is required. 
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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 is therefore calculated, where the elements of F are 

given by 

, R l...n, k=l...p, = (20) 

where suffix R denotes the Rth row (instrument). 

As ri E 'Y is an n-dimensional vector (n being the number of 

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

computed reading of the Rth 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 nv and Rv) 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. 
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3 DESCRIPTION OF PROGRAMS 

3.1 TvDeS of Subroutines 

The programs are written with interchangeable Subroutines, and follow the 
pattern of the original free-flight 394 programs. The flow diagram in Fig.1 

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 (a 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 Subroutine' 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, 
7T. (E PI(I) 1 in Fortran symbols), and their partial derivatives f = FY(I,K) , 

C 
ki - 

in terms of the computed state variables, Yj - = Y(J) , and the parameters, 

\ 5 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(Y(l), . . . Y(5)) , 
from equation (15). The remaining differential equations are those needed to 
evaluate the partial derivatives, Vi/a\ , 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. 



The SOLNORM Subroutine solves the normal equations (13), to give incre- 
mental corrections to the parameters, 4 and is identical to the original program . 

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 R1 = 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 =f(I) , relating the concise dimensional and 
aerodynamic nondimensional derivatives, which are evaluated in the Subroutine 
DATAREAD. The factors EM(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 
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available, by setting ND = 4 and choosing the weighting on fitting the side- 

slip record to some very small value, e.g. XS(l) = 0.00001 , (Choosing the 

weighting to be zero may produce overflow difficulties.) 

YIN(5) and DTM(l0) 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. 

UMAX 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 UMAX 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. (Th is 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(1). 

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, "% 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 1 4a/(total number of observations) , 

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. 
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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 outputto 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 in 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 95% confidence interval 

for that parameter obtained from equation (19). For parameters not being 

analysed DELTA appears as zero. Also after each iteration the estimated cs 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 = 0 , computed readings and their weighted errors are printed; for 

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

IPLOT = 2 both listing and graphs are obtained. In the printed listings, if 



16 

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. If IPLOT = 0 no graphic output of the results of the run* will be 

produced; if IPLOT = 1 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. In 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 36 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 column l):- 

FLTVDATAVFIT,O,O,6,O,l,ALL,**** 

Further details of #XJGA can be found in the 1900 Series Graph Plotter Manual'. 

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:- 

B = q cos Qe (22) 

; = qeu + ueq + 8g sin (3e cos Qe - iww + Zuu + iqq + inn 
{ 1 

(23) 

4 = - 1 iuu + lYnww + il q 
q 

+ rn$ 
> 

fi = -qw+weq+egcoso - e e t 
xuU+Xww+Rq+Rrlll ' 

Q 1 

(24) 

(25) 
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In these equations 8, q, u and w are perturbations from trim values, so, 
for example 

qtotal = qe *4 9 (26) 

and the derivatives are in dimensional concise form 7 , so, for example ii w 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 z ' the normal acceleration of the aircraft in the trim state is balanced by 

e 
Ueqe + g cos 0 cos Q + z e e e ' At each observation point it is also necessary to 
calculate the partial derivatives of u, w and q with respect to each of the 

( 

ay. 
parameters being identified to obtain the $ of equation (14) 

> 
. This is 

k 
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 qO , the initial 
value of q , is:- 

au 
q er 

0 
g sin ee cos Qe - i aw + Zz 

w aso 

. . . . ..(27) 

and as a further example,equation (24) differentiated with respect to GLq is:- 

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 

a o 

( 1 
D aw+-w 

a$ 
-mw =m 
aGw w w aGw aZw 

a aw+-w = m 1 pvsc 
w akiw 

m , (29) 
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where the nondimensionalising factor is stored in the array KM. 

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 8 are small enough to be ignored, so in equation (27) the term 
ae r g sin ee cos Qe is taken as zero, and the partial derivatives of equation 

f-l 

(22) are not calculated. Omitting these terms does not affect the computed 

instrument readings for a given set of parameters because the term containing 
f3 in equations (23) and (25) remain and equation (22) is integrated numerically 
over time to give the required 8 . 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, IT. 

lC 
, and 

their partial derivatives, fki ' so in MATHTilODEL Subroutine the equations 

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

4 = 
talc q + 4, + E 4 ' 

(30) 

1 a = - - 
Z g [ 1 

kww + zuu + iqq + +I 
> 

+x;- 
talc 1 y lqre +2qeqzl 

I 
+aZ +E a ,(31) 

e Z 

v = talc (w + x2q)(we - 9,x2 + PeY2) + uue 
II 

Ve + ve + Ev ' (32) 

and 

W qx3 a = -- 
talc 

-+a +E 
U U e a ' 

e e 
(33) 

where (x~,Y~,z~) 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, q,, as , Ve and cle 
e 

are the trim values, and E E 
4' aZ' 5 

and E a are instrument offset errors. 

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

the f 
ki 

of equation (8)), for example:- 

a4 talc =a4 

a$ ai? 
W 

and 

aa talc = 1 . 

aEcYI 

These involve the use of the partial derivatives of the state variables. It 

will be seen that p, and r e appear in equations (30) to (33); these are non- 

zero when the trim state is a banked turn. 

4.2 Data input 

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 labels 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 l):- 

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 typical set of data cards, and the beginning of the 

corresponding paper tape of observations is given in Fig.2 for a computer run 



which analyses for ten parameters. 

is taken from the flight record and 

graphical output. 
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The elevator input is shown in Fig.3; this 

is not part of the computer program's 

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 y-p 4(-j' 

GEE "z 'i 
> 

( 
$9 gw9 iw, 

9' q' aZ' 4 
and 

n l 

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 Z The 
rl 

is also quite large. 

sensitivities of both instruments to ZQ and Z 
11 

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 RFSPONSE 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, 

(v, P, r, 5, S) about a steady state denoted by suffix 'e' . 

+ = - 
{ 

iv" + Gpp + i,r + jTsS + is5 1 - (r + r,N + (p + p,)V sin c1 

+ ga ye 
* g cos 0 sin @ e (34) 

i, = - 
i 

ivv + ipp + ;lrr + iCC + i55 
1 

+ bxqer + exqep + ex; 

. 
r = - 

1 
ivv + App + irr + i 5 + A55 

5 1 * bZqep - ez4,r + ezi 

(35) 

(36) 

i = p + r cos 0 etanO . 
e (37) 

The steady trim value a 
ye 

is included in equation (34) to allow the 

total (measured) angle of attack to be used in the 'peV sin CX' 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) 

; = - 1 ?vv + i,p + i,r + ?$ + i,r - 
> 

rV + pV sin c1 + g cos oe (sin @ - sin Qe) 

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 11 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 c1 . 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 cb is obtained 

directly from p) , and the parameters are the initial values vo9 pay rO , 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 prograrmning, 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. Rr) . The 

derivatives due to acceleration in sideslip do not usually have a distinguishable 

effect on lateral responses, as B is almost 180' out of phase with r , and so 

the derivatives combine, e.g. the value of nr derived from the analysis 

program is then considered to be the algebraic sum of nr - n; . 

Examples of the differential equations for the partial derivatives are 

given by 
. 

a; 
ii 

av +; - aP ar - = - 
V-K- 

+; - 
3 

‘3r+ ap . 

avO P avO 
-V avO av,V slna (38) 

0 r av 0 

and 

a; - = - 
aYV 

; 
av 

VTjT- 
+; - aP 

+; 
V P ay, 

+?I- vs 

aYV 

Vsina+p---m-v . (39) 

A11 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, y3, 23) relative to the CG, roll and yaw rate gyros aligned with 

the x and z axes respectively, and a lateral accelerometer at (x , yl, zl). I 
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: 

B0 = 57.3 v + ve + x3(r + re) - z3(p + p,) 
1 >i 

V + ES 

pa/s = 57.3{~ + pe> + EP 

(40) 

(41) 

(42) r’/s = 57.3{r + re} + Er 
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aY = 
i,v + :pp + i,r + $$ + jTsl; + x][qe(P + Pe) + ;] 

- Yl + (r + re> 2 1 + zl[qe(r + re) - g+E +a a 
Ye l 

(43) 
Y 

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

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

2-Z 57.3 
C 

$++ x3%- 2 iQL 
avO 0 0 3 avo 

Y 
v . 

5.2 Data input 

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 31-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, vo, po, ro, R n v' v' 
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 

a 
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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 t5 , 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 4a/(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 a 
Y 

are both large, but Fig.10 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 y, , where DELTA is 25% of 

Yv ' and this large uncertainty is probably related to the noise apparent on the 

B record (Fig.10). 

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 
10 being flown for the design and testing of manoeuvre demand systems . 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 



26 090 

mathematical model of the aerodynamic forces and moments is valid for the wing 

rock oscillations. Some interim results are given in Ref.11, 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 

. 

t 

t 

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 Technology' 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. 
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Appendix 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. 

A.1 Steady, level, symmetric flight 

The trim state for steady level symmetric flight is trivial as 

a = -cosa c - 1.0 z e e 

a z.2 sin c1 
X e e 

(A-1) 
v =p =q =r ~0 

e e e e 

Qe = 0 8 =a 
e e ' by definition . 

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 e = V sin oe , (A-2) 

where V and ue 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 , 01: CL and 'D ' then 

CN be) = mg/hpV2S gives the value of cle , (A-3) 

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

results for c1 e than either of the first two equations of (A-l).) 

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 C,, n e' 'e l 

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 p,, q,, re 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: 

ax g - g sin oe = q,w, - reve 
e 

g sin @ e~~~@ = ru e e e - 'ewe 

aZ g + g cos 0 cos 0 e e = P,V, - qeue 
e 

P, = - fie sin Oe 

‘e = Qe sin Qe cos Oe 

r = Re cos ae cos oe . 
e 

(A-4) 

(A-5) 

(A-6 > 

(A-7) 

(A-8 > 

(A-9) 
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In the following solution it is assumed that:- 

: = 0, maintained by use of thrust and dive angle 

I 

(A-10) 

V = 0 , i.e. zero sideforce is approximated by zero sideslip e 

dh 
dt is obtainable from flight records, and Ve, aZ and w e = Ve sin ae are 

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 e = Ve sin Be = 0 , then7 

sin@ = e sin oa cos o e + cos @a cos @ sin c1 a e 

cos 0 cos @ = coso. - e e 
cos oa cos a a e sin Oa sin c1 e 

cosOesin@ = cos Oa sin Cp . e a 

Then 

giving Oa , negative 

Equations (A-5) 

sin69 = a $+J, , by definition, 

for a dive. 

to (A-13) are combined to give 

cos@ = 
- cos oa cos a 

e 
a (a , 

ze - sin c1 sin 0 e a) 

where the sign of oa is determined from the directions of the turn. The 
resultant angular velocity is obtained from equations (A-5), (A-7), (A-9) 

Qe = + tan aa , 
e 

(A-11) 

(A-12) 

(A-13) 

(A-14) 

(A-15) 

and the attitude angles ee and @ follow from equations (A-11) to (A-13) so 
that finally equations (A-7), (A-8): (A-9) are used to give p,, q,, re . 
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It is possible to obtain the trim state including the corrections to a, e 
and c1 e for their positions relative to the CG, by an iterative process, but 

the corrections are usually small. The required relationships are: 

a,(~~,~~,~4,~) = azeKV,o) + Perexa, + 4,reYa, - (qf + +f)za, 1 

and (A-17) 

We(Xa’YaGa) = we(O,O,O) - qexa + P,Y, ’ 

If there is no incidence vane, then the tunnel data has to be used, 

usually from CN-V-a plots, where 

CN(ae) = - mgaz IPV’S . 
e I 

(~-18) 

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

angles as recorded may be used to give E,, n,, 5, directly. 

A.3 Application in computer programs 

The values for the steady conditions defined in sections A.1 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, E , etc. are obtained from the actual 
P 

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 radls, and 

both linear velocities and angles of incidence occur in the programs. 
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Appendix 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.l Longitudinal derivatives 

Theoretical estimates for most of the derivatives can be obtained from the 
Aerodynamics Data Sheets of the Engineering Sciences Data Unit 12 or the USAF 

13 Stability and Control Handbook (Datcom) . 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) 

"M x 
; dC, m 

W a,da - 

Alternatively, examination of the response records may be made, to obtain 
rough estimates of the frequency, wsP ' amplitude ratio, 
expressed as time to half-amplitude (Tl)sp , of the short 
Then the following approximations give the most important 

tiw = - -5-2 
ipSV2& %P 

1 

mg az ;wL-- 
I I Apsv2 ci 

ii 
4,; x- 2m loge 2 

lY w 
m(T) ' 1 SP 

aA 
Z I I -7 and damping, 

period oscillation. 
derivativesz- 

(B-3) 

(B-4 1 

(B-5) 
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The control derivatives may be obtained from the measured initial accelera- 

tion in rate of pitch, i. 9 due to a near-step in elevator, An , where 
. 

and 

(~-6) - 

(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 n and R 
P 

r (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 

YV 

R 
V 

n 
V 

R 
P 

n r 
L 

Wing Tail 

J - 

J J 

Fin Body 

J 

J 

J 

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 x-w 
$I" s 

2 n 
V 2 

DR 

a 
yv~2%-+ 

PSV 

03-8) 

t 

(B-9) * 
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n r 2 

Iz l ms + yv 

ia 2m loge 2 -mg l?. 
-psvE& (J r  l I  I  

% IX - a -- 1?. 
n 

V z 1 I I r 

IX PO 

% = --- 2 AC ' for step AC in aileron 
psv s 

I ' 
z rO 

2 
e --- 

2 A< ' for step A< in rudder. 
psv s 

If the roll subsidence is apparent, then 

i 

. 
R w IX 

log, 2 

P -pSVsa- 

(B-11) 

a-12) 

(B-13) 

(B-14) 

These relationships assume that the cross-derivatives Rr, n , !2 , n 
P 5 5 

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 

i 

FORTRAN COHPILATION BY ll#CAT HK 4C DATE ZDtUYI?b TIHE 06/'10/20 

0001 LIST(LPI 
ouoi? LXBRARY(SUBGRUUPSRF7) 
0005 LISRARY(SUSGROUPSRGP) 
0004 LIERARY(SUSGRUUPS-RS) 
0005 LIBRARY (ED,SUBGROUPFSCE.SUBROUTINBS) 
0006 PROGRAM(A53E) 
0007 COWPACT DATA 
OOOR OUTPUT ZIIU%~LPO 
0009 INPUT 103*CRU 
0010 USE IrlO~~EDl/FORHATTED/l~B 
0011 INPUT 3mlRU 
0012 OUTPUT 4m/NONE 
co13 OUTPUT 5aTYO 
0014 TRACE U 
0015 END 

s:: A 
Pl : 
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0016 
0017 
0018 
0019 
0020 
GO21 
0022 
0023 
0024 
0025 
0026 
0027 
0026 
OOZY 
0030 
0031 
0032 
0033 
0034 
GO35 
0036 
0037 
0038 
003Y 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
GO49 
0050 
ou51 
0052 
0053 
UG!44 
0055 
0056 
0057 
005e 
OOSY 
0060 
0061 
0062 
0063 
0064 
GO65 
0066 
0067 
0068 
0045‘ 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
DO77 
0078 
007Y 
,,nvn 

1 TAXIS,THOVE. 
EQLIVALENCt(COBS(1,1,'I~,TIME~l~) 
DATA PARAH/BHTHETAO ,8Hb10 t8HQO 18HUO #8llXU 

1 tatix'a t8hXU n8HX ETA a8HZU ratlza #8liZU 
2 &HZ ETA #BHNU r8HMQ r8NHU r8YM ETA r8HEQ 
3 rtiHEA2 rBHEV r(JHEALPHA / 

DATA PTI/5HSIM 3/ 
JPLOT=U 
CALL GFIN 

L PRINT PROGRAM LAME AND HEADINGS 
CALL DATEtTODAY) 

1 WRITE(2r2) TODAY 
2 FORMATt'l LONGITUDINAL ANALYSIS FOR FULL-SCALE A/C'/ 

1' G.U.FOSTERIAEHO,DEPT. Rl41C.'e6UX,'RUN ON..'rAB/ 1 
C 
C READ DATA AND PROGRAMI'E CONTROL PARAMETERS 

3 CALL DATAREAD 
C SET PRINT CONTROL AND TEST FUR SIMULATION MODE 

.4 PC80 
5 DO 5U INI, 

200 XCtJPtI)l=Xt'AV(I)*X(JP(I)) 
50 CALL CUPY8(ORDER(JP(I))rPARAH(I)) 

WRlTE~2,9O~~~~URDER~J+Jl~,Jl~l~5~~~X~J+J1~,Jl=l,5~, 
~XC~J+Jl~,J1~1~S~r~CUD~J+Jl~~Jl~l~S~~J.~~l5~S~ 

C TE;T FOR INITIAL PRINTOUT 
fF(IT.EQ.D~GO TO 6 

C TEST FUR FINAL PRINTOUT 
IFtPC.NE.l)GO TU 7 

C TEST FUR FINAL NUMBER OF PARAMETERS 
IF(P.EU.PC)GO fu 6 

C CHECK VALUE OF ITEHATION COUNTER 
IF(IT.GT.ITY)GO TO 6 
PWPF 
NahrF 
MDmL*MD 
PCBO 
IT.1 
GO TO 7 

C WRITE MAIN HEADINGS 
6 IF(IPLOT.NE.1)WNITE(Z~92) 

IF(IT.NC.G)GO TU 7 
CALL RUNOUT(4) 
WRLTE(4r97)PTlrf~D 

97 fURIlAT(lX~A5//1X~I4) 
C SET UP INITIAL CONDITIONS 

7 CALL IN11 
C CLEAR IIATRIX STORES AND SET COUNTERS 

SDsG 
!i=l 
J=PtP 
Y-ran 

Pi 

Pl 

101 
2 

10 

: 
7 

9 

1 
2 

20 

160 

170 

200 
210 
220 
230 

280 
290 
300 
fl0 
320 
330 
340 
350 
360 
365 
370 
380 
390 
400 
410 

430 
440 
450 
460 

489 
I on 



G 
. 

-4 
. 
z 
m 
. 
0 
V 
* 
0 
II 
. 

z m 
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“4-u 

0147 
014tl 
0149 
0150 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
015Y 
0160 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0165 
U17U 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
0178 
0175, 
OIUU 
0181 
0182 
0183 
0184 
OlU5 
0186 
0187 
01 d8 
OlU9 
UIPU 
OIYI 
0192 
0193 
0194 
0195 
0194 
0197 
OlY& 
019c 
UlUU 
0201 
0202 
0203 
Of!04 
0205 
0206 

~,-,LL nwr.alrub$U.v#‘IO.Jl I~VIL’J~NUI CN”““” “#‘,A LLrl~Glu.ulLYI 

CALL HGPLOT(O.OtO.Ot3~0) 
CALL HGPLOT(-1.0,0.0,Un4) 
CALL HGPLOT(O.O,O.Ut3rD) 
GO TO 28 

80 COFITINUE 
C RESET DATA REJECTION LEVEL 

REJ~SQRT(I~*SIGIIA/SD) 
C SULVE NORMAL EGUATIONS 

CALL SOLNORP(P,SIGMA,SD) 
C INCREASE ITERATION COUNTER 

lTr1T+l 
C IMPROVE PARAMETER VAWES 

DO 25 InlrP 
25 x(I)=X(I)+E(I) 

DO 3O InI, 
K“.tP(I) 

3U XXtI)=X(K) 
C PRINT SIGMA AND NO OF DEG. FREEDOM 

URITE(Z,94)SIGbA,SD 
C CHECK FOR PAX h0 OF ITERATIONS 

IF~ITM.GT.IT)GO TO 26 
PC81 
60 TO 5 

C CHECK PARAFiFTER CHANGES 
26 DO 27 Ial,LO 

IF(JP(I).GT.P)GO TO 27 
EH@ACF*XE(I) 
IFcABS(E(Jr(l,,).GT.ER) GO TO 5 

27 COhTINUE 
WHlTE(2,lOlO) 

1010 FOHlrAT('0 CHANGES FOR FOLLOWING PARAMETERS ALL SHALL') 
PCF1 
GO TO 5 

C IS THERE ANY PLCTTIEiG'kANTED.... 
28 IF(IPLDT.EP.O)GU TG 9tl 

DO 1201 1NS;lrND 
DO 1200 1Irlrl"D 
FAF(II)POBS~I~~S,II) 

1200 FAF(II+MD)~FIT(INS,II) 
CALL HbPLOT(O.U,22.0,Ur4) 
CALL AXISCALE(FAF,Z*HD-IrXMIN~DXnINS) 
CALL PLOT(TD(l)rFAF(l),TD(2) ,FAF(HD+l),HD~0.2~tU.t)) 
IF(t,QD(INSr2).Ecl.U)CALL HGPLOT(-THOVE~-44,U,Ot4) 

1201 CALL HGPLOT(U.U~O,O,J~O~ 
IF~IlOD(ND,L).~Q.1)CALL HGPLOT(-THOVE,-22.0,0,6) 
CALL HGPLOT(U.OrO.O,SrU) 

9H IF(LC.LT.Z)GOTO1 
9Y IF(JPL'JT.EG.O)STOP 

CALL HGPLOT~U.O~O,O,O~Z) 
CALL HGPTAPEtrirlZH roluto) 
SNP 

90 FOPtlAT(lHOe4(/lH ,lUX~5(AU,3X)/7H VARI. r5(F8.3r3X),l6HrNON-DIMENS 
1IOHALIlH rSX,~(lH(rFP.3,1H),iX),9H :AVIONIC/?H DELTA tS(FI,J,3X>/l 
2) 

92 FOBIiAT(9HU T(SECS) r5X,3HETA,1OX,1HP,1lX~ZHAZ~ 7XnYtIAIR SPEEDlLXt 
1 5HALPH~r5L~15(1H-)rlUHERRORS IN MATCHING tlS(lH-)/ 
2 1H ~76X~lhQrllkrLHAZ~ 7X,9HAIR SPEEDt4X,SHALPHA) 

93 FOHI~AT(lH+r7UX,4(3XrFY.5)) 
94 FORMAT(YHUSIGMA 8 nF6.4,2ZH DEGREES OF FREEDOM = #13//j 

END 

;I; 
PL 
Pl 

PL 
PL 
PL 
PL 
PL 
PL 
PL 

;: 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 

;“I i 
28 
29 

990 
1ooa 
1010 
1020 
low 
1040 
1050 
1060 
1070 

1080 
1100 
1110 
1120 
1130 
114G 
1150 d 

F 

119u 
l2QU 

:I: 
50 

fi 

9": 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 

s 

1280 
1490 

I 

END OF SEGMENT, LENGTH 1054r NAPE LONGITUDINALPLOT 
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0207 
. 0208 

0209 
0210 
0211 
0212 
0213 
0214 
0235 
0216 
0217 
0218 
OZIY 
0220 
0221 
0222 
0223 
0224 
02L5 
UL26 
0227 
(izzu 
0227 
0230 

w 0231 
0232 
0233 
0234 
0235 

II 0236 
0237 
0238 
0239 
0240 
0241 
0242 
0243 
0244 
0242 
0246 
0247 
0248 
024" 
0250 
0,251 
0252 
0253 
0254 
0255 
0256 
0257 
0258 
0259 
0260 
0261 
0262 
0263 
0264 a 
0265 
0266 
0267 
0268 

. 0264 
0270 

SUBROUTINE DATAPEAD 
INTEGER P,PF,PK,PC,SD,D 
DI)ENSION pI(1~)rY~10U~rFY~10,25~,DY~lOO~,HUotSP~2~2~,CUD~25~, 

1PS1(625),E(25)tTIME(l~O),~BS(5 ,100),XS(10),XM(2L)rXXOrXEOrX 
2~2S),Jp(22),2~3,22~,?D~SrZZ)rORDER~22~,XP~~Z~,AC~l2~,DTM~~O~, 
3 YlN~5),ITD(lUU) rCOBS(lOU,6,2~ 

CU~~IUN/COMP/PI,Y,DY,MQ,SP,A,B,C,D,F,G,H,U,V,U,CI,C~,C~,C~,CS,C~,FV 
lrRtIO,RHOV,PHI,SC,CG,SPHI,CPHI,TP,TQ,TR/ 
2NUR~~E/PSI,ChD,E/DATA/IT~~,IT,MD,LC,SD,Q,HMAX,ACF,REJ,P,PF,PM,N,NF, 
3Nl,pC,AC,PB,DTIl,YIN,TG,XA,COBS,OBS,XS,NGAP/ 
4 ~~ODEIIXE,X,XX,XMIJP,ORDER~~XIBYIBX,EX~EY~E~INDIXP,JES(~~~ 

COF~F.ON/AVICKIC/XMAV(ZO)rRUNAME,MDO 
COl+~ON/GRAPH/FIT~4,lOG~,TD~lOG),TITlEClO~ ,FlRSTIHE,JPlOT,IPLOT, PL 

1 TAXIS,TMOVE 
EQUIVALENCt(CUBS(lrlrl)tTIME(1)) 

C READ kNTRY LABEL (FROP COLUMN 1) 
1 READ(lri3O)l 

80 FORlcAT(I1) 
IFtL.EP.U)GC TO 1 

C READ DATA TITLE (FROM COL.2 OF NEXT CARD) 
READCl,81~lITLE 

81 FORIIAT(IOAU) 
WRlTE(Z,B'l)TITLE 

2 GO TO (1,L,3,4,5,6,7,B,9~,1 
C READ INSTRUMENT POSITIONS.... 

3 READ(l,B4)(AC(I),I~l,9) 
84 FOHHAT(SFlU.3) 

kRITE(L,85)(ACCI),Irl,9) 
85 FQPMAT(21HVI~STKUMENT POSITIONS f 5H X1,8X,2HYl,8X,2H21,8X, 

q 2hXZ,BX,ZHY2,8X,ZH22~8X,~HX3,8X,ZHYJIIXI2HZ3/lH ,OCF7,3,3X)X 
C READ FODEL CONSTANTS 

READ(l,B6)~SP(I),I=lr4) 
86 FORHATCLFlG.3) 

WRITE~2,87~~SPO~rI~l~4~ 
87 FURIlAT(5H'l IY,11X,1HM,9X,lHS,5X,4HCBAR/ F'I2.lt2FlU.lrF7.L) 

C READ PARAMLTER ACCURACIFS 
READ~lrGB)(XE(I),I~l,~G) 

88 FORItAT(IIFlU.3) 
c READ AND PItINT N~'IlUER OF INSTRUMCNTS 

4 READ(lt8Y)hD 
BY FORMAT(I2) 

URITE(Z,YG)hD 
YU FOHIIAT(~SHU~U~BLR OF INSTRUMENTS = ,111 

C READ INITIAL CLNDITIONS ETC. 
5 PEAD(lr93)70,YIN,DTM 

FIHSTIME=IFIX~TU) 
93 FURkAT~6F10.4/8F10.4/LF10.4~ 

WRITE(ZrY4)TUrYIN,DT~ 
94 FURIIAT~1H0~4X,2~TU,l8X,ZHVT,l7X,3HRHOt9X,lHG/lH , JFlO.3, FlO,l, 

PC 

PL 
PL 
PL 

PL 

1 F10.7rF10.2//101H THETA.TRIH W.TRIM P.TRIM U.TRIH PHI.TRIH 
2RlE ETA.TRIY P.TRIF R.TRIH AZ.TRIM ALFA.TRIW /lH ,lOFlO.4 
3) 

C READ FUDEL PARAFLTLRS 
READ(l,96)~XX(I),l=l,~G) 

Yb FURhAT(&FlU.41 
C READ ORDER ARRAY . . . . . 

REPD~lrlU5~~J~~I~,I~lr20~ 
105 FOPIiAT(ZUIlJ) 

DO 21 Ial, 
JES(I)rJP(I) 
DO 22 1E=li',Zl~ 

22 IF(JP(IC).LT.JP(I))JES~I~~JJES~-~ 
21 CUNTINUF 

1500 
IS01 

2 

5 
6 
7 

9 

1 
2 

1560 
157G 
1580 
1590 
1600 

200 
210 
220 

1640 

1661 
1662 
1663 

1670 

1710 

1712 
1720 
1721 
'1722 
'1723 
1724 
1740 
1741 

230 

1760 

1752 

C EVALUATE MUITIPLlERS XH '1760 
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ULI 1 

0272 
U273 
0274 
0275 
0276 
0277 
0278 
027Y 
0280 
02&l 
0282 
0283 
0284 
U2b5 
0286 
0287 
0288 
02&e 
0290 
0291 
02Y2 
0293 
0294 
0295 
0296 
0297 
0298 
OZYY 
0300 
0301 
03lJz 
0303 
0304 
0305 
0306 
030T 
0308 
0309 
031u 
0311 
0312 
U313 
0314 
ci315 
0316 
(jj: t' 
0318 
0319 
032u 
0321 
03LL 
0323 
0324 
U32.5 
0326 
0327 
0326 
0329 
0330 
0331 
0332 
0333 
U434 
0335 
0336 

~NV3=llN~~J*lINILJ~5~~~~~~~~ 

XM(5)rXM(7),XM(Y~rXM(ll)=HRVS/SP(2) 
XM(6),XM(lU)~HRVS*SP(4)/SP(t) 
XM(8)rXtl(l2)=hRVSryIN(Z)/SP(Z) 
X~~l3~,X~~~l5~~HHVS*SP~4~/SP~1~ 
XM(14)aHRVSrSP(L)**Z/SP(T) 
XN~16)=HRVSISP(4)rYIN(Z)/SP(l) 
DO 41 IpI, 
XM(lo+I)=l.O 

41 XP~1)rl.O 
Dal 42 IalrZO 

42 XIlAV(I)~XM(I) 
XMAv~13)~XY~l3~~YIN~2~ 
xMAv(15)~XF(l5)*YINCZ) 

C READ PROGRAM GONTROL PARAMETERS 
6 READ(I,Y~)REJIACFIHMAX,~~P~~I~~ITH~LC 

97 FORlrAT(SFlU.4/510~ 
WRlTE(2rYB)l?EJ,ACF,HYArrPIPFllt,lTH 

Yti FORhAT(OH0 E MAX~~X,~HACCURACY~~XI~HDELTA T/JFlU,4/IEIH INlTlAL N 
10 CF PARAMETERS 8 rI2t2XtllHFINAL NO a ,IZ//l?H INITIAL ITRN. D , 
212,9X,16HITRN. j.iAXIMUM l ,I2) 

C CALCULATE N AND NF.... 
Naa*P+b 
NFr3*PF+6 
DO 5L IC=l7,2U 
IF(JP(IE).LL.P)h=N-3 

52 IF(JP(IE).LE.FF)NF~NF-3 
C READ SCALING FACTORS 

7 REPD(lrY9~(XS(I),I~l,NC) 
99 FURMAT(7FlU.Z) 

1770 

1773 
1774 
1775 
1776 

l 

?7W 
1701 
1762 

1830 P  WRlTE~2rlUU)~XS~I~~I~l,ND~ 
IOU FOHI~AT~1lHUSCALING OFl5X,1HO,&X,2HA2,9X,lHV~7X,S~ALP~A/4~lO.2//~ 

C IS THEPt ANY PLCTTING NEEDED.... 240 
READC~I~U~)L,IPLOT 250 

401 FOPMAT(ll,I1) PL 255 
IF(IPLOT.EQ.O)GCJ PO 2 
IF(JPLOT.NE.U)GbTO 400 

C BEFORE FIRST PLOT OPEN TAPE... 
CnLL HGPTAPE(U,lZHFLT DATA FIf#0,0,7) 
CALL HGPTAPE(l,l2H rO,O,O) 
CALL HGPLOTCU.U,0,0,16,1) 
CALL HGPLUTC U.0,2.0,0,4) 
CALL HGPL07(0.0~0.0,3r0) 
JPLI)T=l 

I? 
260 
270 

PL 280 
PL 290 

;: 
300 
310 

PL 320 
PL 330 
PL 340 

C BEFORE tACH SET OF DATA PLCTTED START NEW PICTURE.., 
400 CALL HGPTAPE(1,12H rOtO,O) 

CALL HGPlOT(-4.0,0.0,0,4) 
CALL HGPL07(0.0~0.0,5~0) 
GO TO 2 

C 
ti READClr20U)hGAPrTF *IL 

NGAF=MINOCNCAP,6) 
ZOO FOR~IAT(I~,F~.~,~I) 

IL~IL*l 
TO (3UU 301,3U2),IL 

C NEWGiATA LATEP'ON PRESENT TAPE,,rrr 
302 HDb=NDO-MD 

GO TC! 888Y 
C NEW PAPER TAPE TO YE LOADED 

301 CALL RLFASE(3) 
WRITE(5,31U) 

310 FOHIIATC PLEASE UNLOAD PAPER TAPEtLOAD NEXT ONE' ) 
PAkSE 

300 READ(~~ZU~~R~JNA~E,YDO 
202 FORIIAT(~X,A~//~X,I~) 

8889 WRITE(L,CUP)RUNnFEtMDU 

350 
S60 

PL 370 
PL 380 

1792 
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c 

UJd)I 
03311 
0339 
u34u 
0341 
0342 
0343 
0344 
fJ345 
0346 
0347 
0348 
034Y 
0350 
0351 
0352 
0353 
0354 
G355 
U35b 
(1357 
035&l 
035: 
0360 
0361 
0362 
0363 
0364 
0365 
0366 
0367 
0368 
0360 
u37v 

‘“I CUl\l’Ml \ II4I” lnrr buc1111rlcn lWJ#JA#JLnUltbUUl8hL dWl?OCR Ur 3AIfi t’U 

2lNlS ,141 
YRITE(2,2QI)NGAP 

LO8 FURfiAT(lZHUCNLY EVERY rl4,llH POINT USED) 
C READ DATA 

(L&W READ~3r203~T1WE(l~tOES~lrl~,OBS~2~1~~ COBSfl,lrZ) 
lF~TIflE(1~.GE.TU)GOTO 210 

HDII&DO-1 
GO TO boati 

LIU MDBI 
LIZ lF~(HD*NGAP+l~.GT.~DO.OR.TIME~Hb~.CE.TF.OR.MD.EQ.lUU~ COT0 21:, 

IFINGAP.EQ.l)GO TO 213 
00 214 NND~,NGAP 

L14 READ(3r206) CUBS~~DINN~I~~COBS~NDINNI~) 
iCOb FORNAT(/F7.5rltlXrF9.5) 
L13 MDgllD+l 

READ(3r203) Tlt~E(HD),OBSt IrHD),OBS(Z~MD),CUBS(~D~l~2) 
203 FOPk'tAT(/F7.3,3FY.>) 

GO TO 212 
215 COkTlNUE 

DU 402 I=lrf+b 
402 TD(I)D(TIM~(I)-FIRSTlME~~~,O 

TAXlS~2.O*lFlX(TlME(CD)IFIRSTlblE+O,99) 
TML'VE~AflAX1(32,O,TAXIS+5.0) 

C ENTRY POINT FCR REPEAT kllti SAME DATA 
Y DO IO Iml,ZO 

KEJP(l) 
X(K)~XX(Il 

10 CUD(K)mXE(I) 
DO 11 lm20,25 

11 CUD(1)~O.O 
IFtP.NE.PF)YD~MD/Z 
HEllIRE( 
ENC 

18OU 

R 
COO 
410 

;: 
420 
430 

182U 

1833 
1836 
1840 

1850 
1860 
1870 

END OF SEGMENT, LENGTH 894~ NAPE DATAREAD 
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0371 SUBROUTINE F4DEHY 
0372 INTEGER P,PF,PM,PC,SDlQ 9501 
0373 DI)rENSION pI(lU),Y~100)rfY~10~25)rDY~lOO)~HQ~lOO)~SP~Z42)~C~D~ZS)~ 2 
0374 1psI(625),E(25)rTIHEo,OBS(5 ,100)rXS(10),XH~2L),XX(22)~XE~~2)rX 
0373 2(2~),Jp(22),2(3,22),2D(3~~~),DRDER(22),XP(~2)~AC(~~),DT~(~O)~ 
0376 3 YIN(5)rITD(1UO) ,CCBS(lOOt6,2) 
0377 CO~~ON/COMP/Pl,Y,DY,HQ,SP~A,Br@rD,FIC,H,U~V,U~Cl~C~~C3~C4~C5~C6~fY 5 
0378 ?,RHD,RHOV,PHI,SC,CG,SPHI,CPHIITP,TP,TRI 6 
0379 ~NUH~IE/~SI~C~D~E/DATA/ITE'~IT~MD~LC~SD,Q,HHAX,ACF,REJ,P~PF~P#~N~NF~ 7 
0380 3NlrpC,AC,PtI,DTF!rYIN,TO,XA~CUBS~OBS~XS~NGAp/ 
0381 4 MODEL/XE,~~XX~XM,JPI~RDER,BX~BYIBZ~EX,EYIEZ~ND~XP~JES(ZZ) 9 
0382 EQUIVALENCE(COBS(lrlrl),TINE(1)) 
0383 CPWIaCOS(DlF(5)) 
0384 STHE=SIN(DTt'(l)) 
0385 CTHE~CUS(DTl'(1)) 
0386 IF(NGAp.FQ.1)GO TO 6OL 
0387 DO 600 NNMZlNGAP 
0388 If(Y(l).GT.CObS~Q-lrNNI1)) GO TO 600 
0369 GO TO 601 
03YO 600 CONTINUE 
0391 C NHEN Ih FINAL REGlOH OF TIF'E INTERVAL OR IF NGAP=l..... 
03YL 602 D~(Y(1~-CObS(~-l,NGAP~1~~/(COBS(Q~l,l~~COBS(Q~l,NGAP~l~~ 
03Y3 Y(~~~(COOS(C,lrL~~COBS(allrNtAPIZ~~~D +COBS(Q-l,NGAP,Z)-DTF!( 6) 
0394 GO TO 603 
03Y5 C WHEN NUT IN FINAL RtGION.**..r* 
03Y6 601 Da(Y~1~-COBS~~-1,NN-l,l~~/~CO6S~Q-lrNN,I~-COBS~Q~l~NN-l,l~~ 
0397 Y~6)r~COBS~C-l,NN,2~-CCB5~Q-l~NN-l~2~)*D +CObS(Q-l,NN-'lrZ)-DTHf 6) 
03Y8 603 COhTINUE 
03YO DY(2)= Y(4)*CPHI 
0400 DY(3)e DTM(3)*Y(5) +DTt'(4)*Y(4) l Y(Z)*SfHE*CPHI*G +XP(9b*Y(3) 
0401 1 +XP(lo)*Y(L) +XP(ll)*Y(5) l xP(12)*Y(6) 
0402 DY(4)= XP(13)*Y(S) +XP(14)*Y(4) +XP(l5)*Y(5) +XP(16)*Y(6) 
0403 DY(5)= -DTt'(3)*Y(3) -DfM(L)*y(l) +Y(Z)*CTHt*G +XP(5)*Y(3) 
0404 1 *XP(6)*Y(4) l XP(7)*Y(5) +XP(8)*Y(6) 
0405 ~Y(6)~U.O 
0406 C GET Z'S FROli Y'S,...... 
0407 DO Yl Ial, 
0408 IF(JP(I).GT.P)GlJ TO 94 
0409 DO 03 Iv=113 
0410 93 ZOV,I~~Y~3*IV~3*JES~I~~ 
0411 GOT0 91 
0412 Y4 Z(l,I)rZ(2rI)rZ(3rI)rO.O 
0413 91 COhTINUE 
0414 DO 1 I=lr16 
0415 IF(JP(I).G?.P)GOTO 2 
0414 ZD(lrI)m DTf*(s)*Z(3rI) *DTf'(4)*Z(L,I) +XP(9)*Z(lrI) l XP(ll~*Z~J~I) 
0417 1 +xP(10)*2(2,1) 
0418 IF~I.GE.Y.AND.I.LE.~~~ZD(~,I~~ZD(~,I~~Y(I-O~~XM(I~ 
0414 ZD(211)m XP(13)*Z(lrI) +XP(l4)*Z(2rI) +XP(15)*Z(J,I) 
0420 IF(I.GE.13.AND.1.LE.l6~ZD(2,I~~ZD(2,I)+Y(I-lO~~XM(I~ 
0421 zDt3rI)~ -DTM(3)*2(1,1) -DTM(L)*z(2,1) +XP(5)*2(1,1) +XP(6)*z(Z,I) 
0422 1 +XF(?)*Z(SrI) 
04L3 ~F~I.GE.5.AND.I.LE.8~ZD(3,I)~ZD(3,f)+Y(I-2~*XH(I~ 
0424 GOTu 1 
0425 2 ZD~?~X)~ZD(2,~)~ZD(3~1)~0,~ 
0426 1 CGFTINUE 
0427 C 
04dB DU 61 Iml ,I6 
04LY DO BJ IV=1,3 
043L' 83 DY(3+IV+3*JES(I))=ZD(IV,I) 
0431 81 COhTINUE 
0432 RElURN 
0433 ENO 

. 

END OF SEGMENT, LENGTH 7'17r NAPE F4DERY 
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i 

0434 
0435 

i 0436 
0437 
0438 
0439 
0440 
0441 
0442 
0443 
0444 
0445 
0446 
0447 
04411 
0449 
0450 
0451 
0452 
0453 
0454 
0455 
0456 
0457 
04511 
0459 T. 
0460 
0461 
0462 
0463 

+ 0464 
0465 
0466 
0467 
0468 
(r46O 
0470 
0471 
0472 
0473 
0474 
0475 
0476 
0477 
0478 
0470 
04MU 
0461 
04M2 
0483 
0484 
0485 
04M6 
0487 
0488 
04M4 
0490 
04Yl 

. 04Y2 
0493 
0494 
0495 
04Y6 

l 0497 

SUBROUTINE NATHMODEL 2500 
INTEGER P,PF,PM,PC~SDI~ 2SVl 
DIMENSION PI~l~),Y~10O),FY~10r25)~DY~lOO),HQ~lOO),SP~2~2),CUD~25), 2 

lpSI(625)rE~25)rTIME~l~U)~~BS~lO,l~~)~XS~lO)~XM~2~)~XX~2Z)~XE~~2),X 
2(2Z),JP(22),X(3,22)rZD(3rZZ)roRDER(Zt)r%P~~2)~AC~l2)~DTM~lO)~ 
5 YIN(5)rITD(lUO) rCOESC100,6,2) 

CU~~~IONICOMP/P~~Y,DY,HQ,SPIAIB~~~DIFIC,HIU~V~U~CI~C~~C~~C~~C~~C~~FY 
IrR~O,RHOV,PHftSGrCC,SPHIICPHIITplT9rfR/ 6' 
2NOR~iE/PSIrC~D,E/OATA/IT~~IT,MD,LC,SDIQ,HMAX~ACF,REJ~P,PF,PM~N~NF, 7 
~N~,~C,AC,PB,DTMIYIN,TO~XA~COBS,OBS~XSINGAP/ 
4 IIODEL/XE,.X,XX,XHtJPIOPDERIBX,BY,BZIEX,EY~EZ~ND~XP8JES(22) V 

COF~ION/GRAPW~~IT~~~~OO),TD(~~~)~TITLEC~O) ~FIRSTlNE~JPLOttIPLOtc PI, 
1 TAXISnTMOVE PI. : 

EQLJIVALENCE(CUBS~~~~~~)~TIME(~)) 
IF(Q.EQ.Z)HsTIME(hD)-Y(l) 2540 

1 INGeO 255U 
C CALCULATE STEP LENGTH 2560 

AaTIHE(C)-Y(1) 2570 
IFCABSCA-H).LT.0.000l)ING~l 2580 
BlrA 2590 
IF(HMAX.GT.A)GO TO 2 26OU 
B'lrHMAX 26lV 
IF(ABSCH-H~AX).LT,O.OOOl)ING~l 2612 

2 HUBI 2614 
C INTEGRATE 1 STEP 2620 

3 CALL F~RUNG(NI,ING,H,YIDY,H~) 2630 
IF(ING.EQ.l)GU TO 4 2632 
IN(r=l 2634 
GO TO 3 2636 

,4 60 TO(21rZL,23,24)rND 
24 PI(4)4DTM(lO)t (V(3)-Y(4)*AC(f))/DTM(4) *xX(20) 
23 PI(3)mYINCZ) t((YO)tAC(4)*Y(4))*(DTH(Z)-DTM(3)tAC~4)tDTH(7)tAC(5) 

)tOTNC4)*YCS))/YINCZ) tXXC19) 
22'PI(Z)~DTMC~)t~XPC9)*V~3)tXPory(4) tXP(ll)*Y(S) tXPC12)*YC6) 

: 
tAC(l)tDY(O) -AC(L)tYCL)*DTH(U) +2.O*AC(J)*DTHCS)*Y(4)) 

/YIN(S) +xX(18) 
21 PI(l)~Y(4)tDTt'(3)tXX(17) 

C 
IF(A.GT.HMAX) CO TC 20 
DO 71 I='lr16 
JEWJPCI) 
DO 76 NDl=l,4 

76 FY(ND1,JE)"O.O 
1FtJF.GT.P) GU TO 71 
JEe3*JES(I) 
GOTO(ll,lZrl3rl4),ND 

14 FY(4rJP(I))c (V(4+JE)-V(S+JE)*ACC7))/DTMC4) 
13 FY(S,JP(I))~(IY(4+JE)tAC(4)+Y(S+JE))*(DTM(2)-DTM(3)tAC(4)tDTN(7)~ 

1 AC(~))+ DTM(4)*VC6+JE))/YIN(2) 
It?! FY(z,JP(I))=(Xp(9)*Y(4tJE) +Xp(lO)tY(>tJE) tXP(ll)*Y(6tJE) 

1 tAC~l~*DY(5+J~~-AC(Z)*DTM~8)tV(5*Jf)+C,OtAC~3)tDT~~3) 
2 *Y(StJE) J/G 

IF~I.GE.~.A~D.I.Lt.l2~FY(L,JP~I))"FY(LtJP~I~~tV(I~6~t~~(I~/G 
11 FY(l,JP(I))= V(StJE) 
71 CONTINUE 
77 D(r 172 I=ll,(l6tND) 

DO 172 INSrl,hD 
FY(INS,JP(I))~O.U 

172 IF(INS.EQ,(I-l6))IY(~NS,JP(I))~l,~ 
C IF REQUIRED PRINT hESliLT 

20 IF(IT.EO.U)GO Tu 121 
IF(PC.NE.l)GO TO 30 2820 
IF(IPLOT.EG.I)GU TO 30 

121 WHlTF(2,50) V('l).Y(6)r( PI(I) ,I=l,ND) 

28OU 
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u*'10 3u runhAf ('IN rro,at>(3ArrY,j/t 
0499 IFCIT.NE.U)GO TO 30 
0500 URITE(4r451) Y~l~rPI~l~rPI~Z~rY~6~ 
0501 451 FORMAT(IX/F7.3t3FY.5) 
0502 30 IFCA.GE.HMAX)GO TO-1 
0503 IF~Il.EU.U.CR.IPLOT.EP.O)CO TO 31 
0504 DO 51 ItiSmlrhD 
0505 51 FI7(INS,Q-1)~PI(INS) 
0506 31 RETURN 
0507 END 

CHD CF SEGMENT, LENGTH 708, NAME MATHMODEL 

0508 
0509 
0510 
0511 
0512 
0513 
0514 
0515 
0516 
0517 
05111 
0519 
0520 
0521 
0522 
0523 
0524 
0525 
0526 
0527 
0521 
0529 
0530 
0531 
0532 
0533 
0534 
0535 
0536 

SUBROUTINE INIT 
INTEGER PtPF,PM,PCrSDtC 
DIl'ENSION PI~10~rY~10U~,FY~10r25~,DY~lOO~~H~~lOO~~SP~~4Z~~CUD~Z5~~ 

1PSI(625)rE(2S),TIMEClUO)rOBS(S ,1OO~,xS~1O~rXM~2L~rXX~22)rXE~LZ)rX 
2~2L~rJP~22~,2~3,22~,2D~3,LZ)r0RDER~22)rXP~~2~~AC~12~~DTM~10~~ 
3 YINO),ITD(lUO~ rCUBS(lU0,6tZ) 

CU~MON/COHP/PI,Y,DY,HQtSPIAIBICID,F,G,H,U~V~N~Cl~C2~C3~C4~CS~C6~FY 
IrRHO~RHOV~PHI~SG,CGISPHItCPHI~TPITH/ 
ZNURl~E/PSI,CkD,E/DATA/ITM,IT,MD,LC,SD,U,HMAX,ACF,REJ~P~PF~PM~N~NF~ 
3Nl,PC~AC,P6,DTl1,YIN,TU,XAICOBSIOBS,OBS,XS,NGAP/ 
4 MUDELIXE,X,XX,XM,JPIORDER,BX,BY,BZ,EX,EY,EZ~ND~XP~JES(~~) 

EQ~IVALENCC~CUBS~l,l,l~rflHE~l~~ 
1 IF(P.NE.PF)NlmN 

IF(P.EQ.PF)bl~Nf 
2 DO 5 I=l,ZU 
5 xP(I)'xX(I)*XMCI) 

Ycl)=To 
DO 10X=1,4 

10 Y(I+l)=XXCI) 
DO 4 I-6,70 

4 Y(1)pU.O 
DO 11 Ir2,4 
IF(JPtI).GT.P)GU TO 11 
YC3*JES(I)*I+2)~1.0 

11 CONTINUE 
UaYIN(2) 
GmYIN(5) 
RETURN 
END 

2940 

PL 450 
PL 460 

2950 
2960 

6000 
6001 

2 

5 
6 
7 

9 

6060 
607U 

6096 
6110 

6170 

6500 
6310 

i 

END OF SEGMENTt LENGTH 128, NAME INIT 

l 
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0537 
0538 
0535 
0540 
0541 
0542 
0543 
0544 
0545 
0546 
0547 
0548 
OS& 

SUDROUTINE AXISCALE(S,N~XMINnDX,LL) 
CO~hON/GRAPHIFIT~4rlOVlrTD~lOU~,TITLE~lO~ ,FIRSTIHt,JPLOT~IPLOtr PL 

1 tA~IS,THOVE PL : 
DIFENSION S(ZUU)r2(4) 
DATA 2/4H Q r4H AZ r4H SPDt4NALFA/ 
CALL HGPAX1SV~U.O~0.0~4HTIN~~~4,TAXIS,O.O~fIRSTI~t~l.U~2.~~~4~ 
CALL HGPSCALE(SINII~.O~XNIN~DX~~) 
CALL HGpAXISV~O.O,O.O~2~LL~~4~l~,~~~'U,O,XfllN~2*DX~2.D~3~ 
CALL HGPSYt'~BL~16.U,1S.O,O,35,TITLE,O.U,ZO) 
CALL HGPRECT(~1,3~~4,0,21,0, TMOVE-2.4r0.013) 
CALL HGPLOT(U.O~O.On3,U) 
RETURh 
END 

END CF SEGMENT, LENGTH 115, NAt'E AXISCALE 

0550 SURROUTINE PLUT(X~Y,XPNTSIYPNTS~N~UD~UG) 
0551 DIIENSION X~lUU~rY~10U~,XPNTS~lOG~~YPNTS~~U~~ 
0552 CALL HGPLINE(X~Y,hrl~ 
0553 CALL HGPL07(0.0,0.0,3~01 
0554 CALL DASHED(XPNTS,YPNTS,N-l,UDtUG) 
0555 CALL HGPLOT(lJ.U,O,O,3r09 
0556 RElURN 
0557 E N D 

END OF SEGMENTl LENGTH 75. NAFE PLOT 
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0556 
0559 
0560 
0561 
0562 
0563 
0564 
0565 
0566 
0567 
0568 
0569 
0570 C 
0571 
0572 
0573 
0574 
0575 
0576 
0577 C 
0578 
0579 
058U 
05bl 
0582 C 
0583 
0584 
0585 

SUBROUTINE DASHEDCX,YINIDLZ,DL~) 
DIFENSION X(N),Y(NI,DL(S) 
DL(2)cDLZ 
DL(3)'DL3 
CALL HGPLOf(X~l)rY(l)r3~0) 
REF=DL(Z) 
ICm2 
XPBX(l) 
YPVY(l) 
DO 1 INZIN 

2 pL~SqRT((X(I)-XP)e22+(Y(I)-VP)**Z) 
IF(REH-PL)4,4t3 

IF NOT ENOUGH DASH OR SPACE LEFT ,,..,. 
4 xpcXp+(%(I)-XP)rREr/pL 

YPrYp+(Y(I)-YP)*REM/PL 
CALL HGPLOT(XP~YPIICIO) 
ICm5-IC 
REF=DL(IC) 
GOT0 2 

IF ENOUGH DASH OR SPACE LEFT l .*... 
3 IF(IC.E0.2.AND.PL.NE.O.O)CALL HGPLOT(X(II,Y(II~ZI~) 

REVNREM-PL 
XPVX(I) 

1 YPrY(I) 

CALL HGPLOT(0,0,0.0t3r0) 
RE7bRN 
END 

END CF SEGMENT, LENGTH 178, NAEE DASHED 
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Y,*w 

0569 
0550 
0551 
GSS2 
0553 

0502 
OS63 
056L 
056s 
0566 

x 
0569 
0570 
0571 
0572 
13573 

3 
0576 
0577 
0578 
057P 
ii80 
6581 
0582 
0583 
058k 
0585 
0506 
05H7 
0588 
0589 
0590 
0591 
0592 
6593 
059k 
0595 
OSY6 
0597 
0598 
0599 
0600 
0661 
0602 
0605 
0604 
0605 
0606 
Of07 
0608 
0609 
OblO 
0611 
0612 
0613 

t%\“,-*‘* 

IF(R,EQ.Q)LCT~ 16 
Jb~L*(trl)*l 
DO 10 IDml,L 
B(ID)~CLJV(JP) 

10 JDRJC+l 
JDmhe(Qnl)*C 
DO 11 XD.lrb 
KD*Q+IDrl 
C(KD)rP6I(JC) 

11 JDmJD+l 

C(c)gCD 
C 

DO 12 JmQ,k 
C(J)=C(J)~A(J)*CD*D(O) 
Yn*hBS(c(J)) 
IF(~D,GE,Y~)GOTO 12 
AbnYD 
RDPR 
SD*J 

12 CnNTItdUt 
DO 13 JmI,L 

13 B(J)rB(J)nY(J)rCD1D(Q) 
J[>rl.*(Rnl)*C 
01, IO IDPItt' 
KLbb*Ibrl 
PGI(JD)cC(KD) 

lb JDPJD*l 
Ji~PL*(Rrl)*'l 

15 IDilrL 
$V(JD)~G(ID) 

15 JD.JD+l 
16 Do If' Jm1.Q 

IF(J,EQ.Q)G~TfJ 19 
J~@N*(JPI)+Q 
DO 17 ID~l,t' 
KD'u+IDrl 
C(KD)rPsI(Jr) 

17 JLI*;D*l 
CDPL(S) 
C(S)RC(C) 
C(fl)mCD 

JDrl*(Jrl)*c 
Do 18 IDplrtt 
KDW(~+ID~~ 
PSI(JD)mC(FF) 

18 JDPJD*l 
IQ COFT IHUf ura*i 

DO 76 Imk,F; 
IF(I.EQ.R)ff+TO 26 
J~PN*(I.I)+G 
DO 20 IDPl,t' 
KDrQ+ID-1 
C(KU)'PSI(JT) 

20 JDmJD+l 
JDPL*(IwI)*I 
DO 21 IDrlrL 
R(ID)~C(IV(JD) 

21 Jb.JP*l 
CD*C(S) 

x88 2’68 000 4610 

$8 t% 
000 16LO 

ii: f;::: 
000 46?0 

000 4680 
000 1690 
000 4700 
000 4710 
000 4720 

000 4750 
000 4760 

8x: t;X8 

%i t% 
000 4RfO 
000 4R20 
000 4R30 
000 LR40 
000 4RSO 
000 060 
000 6870 
000 Li380 
000 4890 
000 woo 
000 4910 
000 4020 

8800 t::: 
000 6950 
000 0960 

000 5060 

2x :Ki 
000 h90 
000 5qoo 
000 5910 
000 5120 
000 5130 
000 SlkO 

$8 ;::x 
nnn an-n nra, 
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. 
vu I. 

0614 
0616 
0617 

r 0618 
0619 
0620 
0621 
0622 
0623 
0620 
062s 
0626 

%i 
0629 
0630 
0631 

it:: 
0631, 
0635 

*0636 
0637 
0638 

% 
. 06k1 

0642 
0663 
06Si 

I 0645 
0646 
0447 

:::9" 

KC 
0652 
065s 
0654 
0655 
0656 
0657 
065% 
ObSQ 
066G 
0661 
0662 
0603 
066k 
0605 
0606 
0667 
OfOE 
0665 
0670 
0671 
0672 
0673 . 
0671 
0675 
0676 
0677 

* 0678 
0679 .-In* 

* , - , - “ *  

D(I 22 J.C,P 
C(J)~C~J)~CD*A(J)*DI~I 
YD~ASS(C(J)) 
I$tAD,OE,YD)GOTO 22 
APBYO 
RIJrt 
SDIJ 

22 CONTIhUL 
DO 23 Jmlrl 

23 BIJ)RM(J)~CD*Y(J)*D(~) 
JDP~*(!w~)*c 
Da 26 ID~lrF 
KD~~+fbrl 
PSI (JD)aC(YD) 

26 Jb~Jb*l 
JDPL*(IwI)*I 
Do 25 Iwlrl 
COV(JD)PS(ID) 

25 JDmJD+I 
26 CcJPTIltUE 

Jbrti* (OrI )*a 
DO 27 IDrl,M 
KDPQ+lDrl 
PSI iJb)pA(KD) 

27 Jn@JD+,I 
Jll~L*(arl)+l 
D(I 28 IDrlrL 
CUV(JD)PY(ID) 

28 JDmJD*l 
Mlrt'ml 
PmPD 

29 SmSD 

E 
E 

SUDSTITLITE, PIJTTINO SaLuTl0N INTO S(I) 6 PROSASLS SRRORS 
FPCI~ DIAGONAL OF COV !NTO CUD(!), 

SO IDmN*N 
CIEOPPSI (ID) 
DfN)nl,O/c(~) 
DO 12 QRl,L 
DO 31 Irl ,N 

31 C(J)IO,O 
IPN 

32 K=Fr1+1 
JO'Lc(lrl)*fi 
BtU)mCUV(JP) 
JD~N*(IPI)*I 
Do 33 IDwl,K 
K@CID+Irl 
A(~D)"PSI(JD) 

33 JDrJD+l 
A@rO 
Do 36 Jml,N 

34 ADrADmA(J)*c(J)*D(I) 
;;;);B(~IJ+C(~)+AD 

IFC;.GE.l)GCTC 32 
Dn 36 Iml,N 

36 Y(Il.X(ll 
AD"1.3 
Do 41 181 ,N 
JP1 

57 IF(O,~,GT,PRS(AU-V(J)))QO Tn 58 
JmJ+l 
Go10 37 

19 .4,.-I-, I\ 

V U ”  4.I” 

000 5180 
000 5190 

2: :::x 
000 5220 
000 5250 
000 9240 
000 52so 
000 5260 
000 5270 

ii:: :::i 
000 coo 

8:: :::; 
000 5330 
000 9360 
000 9sso 
aao SGO 
000 0370 
000 5sao 
000 ss90 
000 5400 
ona 5a10 
OOD 9lb20 
000 9LSO 
006 5440 
ano 5LSO 
000 5460 
000 5670 
006 S&R0 
000 5&90 

000 5495 
000 5196 

000 5500 
000 5510 
000 5520 
000 5550 
ooa 5560 
000 5550 
000 5560 
000 5570 
000 5580 
000 6590 
on0 S600 
000 5610 
000 5620 
000 5630 
000 5440 

2: :i:t 
000 5670 

% :zt 
000 5700 
000 5710 
000 5720 

000 3740 

it: :;z 
000 5770 
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A” n,.,-*,ur 
CtJ)=C(I) 
C(I)PA(I) 
ADUAD*I 
IF(o,EQ.L)GOTO 39 
IF(P,NE.I)GCTQ CO 
CuD(I)'C(I) 
GoTr) 40 

39 E(I)mC(I) 
40 A(!)rYtJ) 

Y(J)BY(I) 
&I vtI)~A(!) 
42 CONTINUE 

DO 43 IPl,Fc 
43 SIGI~A~SIGHA~E(I)*Z(I~ 

NFrtrD-N 
DO 44 IPI rb 
AD*ABS(SIGFP*CWD(I)/YD) 

h1, CuD(I)~SQRI(AD) 
SIG~IAPS~RT(ABS(SIGPA/ND)) 
RETURN 
EWD 

END OF fil!GMt?NT, LENGTH 1778r NAPE SOLNORY 
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0586 SUBROUTINE GFfN 
0587 DUCNSION ST(1G) 
0581 EXTLRNAL GFERR 
058Y CALL FTRAPtGFERR) 
05YU 1 FOHhAT(lOA8) 
0591 2 READ(lOStl rENDm3)ST 
0592 WRITE(lOltl)ST 
05Y3 GO TO 2 
05Y4 3 CALL RLEASE(lU3) 
0595 WRJTE(lOlr4) 
05Y6 4 FORHAT(OH****) 
05Y7 CALL HUNQUT (101) 
0598 ENDFILE 101 
0599 REkIND 101 
0600 RETURN 
0601 END 

END CF SEGMENT, LENGTH 41, NAPE CFIN 

0602 
0603 
0604 
0605 
0606 
0607 
0608 
0609 
0610 
0611 
0612 
0613 
0614 
0615 
061f 
0617 
0618 

ERHOR TRAP 
SUBROUTINE GFERR(IER) 
DIEENSION ST(10) 
CU~~lON/6RAPH/F1T~4rlOU~~TD~lOU~~Tl?LE~lO~ ,FIRSTIRCIJPLOT,IPLOTI PL 

1 TAXlS,TMOVE PL : 
IF(JPLUT.EO.D)GU TO 8 
CALL HGPL0l(G.0,0.0~0~2) 
CALL HGPTAPE(Zrl2H 8OlU80) 

H REPD(lOl,ltEND~~~S1 
1 FORIlAT(lOA)J) 

WR1Tfi(102,3)ST 
3 ;;R;;T;lHU///'OFIRST CARD NOT READ....~//lH r?OAI/I//) 

2 WRITE(102r4) 
4 F~hl'AT(1HO///'OALL CARDS,INCLUDING +***,HAVE BEEN READ0 
5 RETURN 

E h D 

END OF SEGMtNT, LCNGTH 56e NAFE GFERR 
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0835’ 
0836 FINISH 

END OF COMPILATX'JN - NO ERRORS 

S/C SUBFILEt Id5 BUCKETS USED 

CONSPLIDATED BY XPCK IZC DATE 20/W/74 TIME U6/2O/lP 

PCLFORTRAN (2) RENAFIED ICLA-DEFAULT(Z) 

PROGRAM A53E 
COMPACT DATA (15AM) 
COHPACT PROGRAM (DBN) 
CORE 45672 
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FORTRAN COMPILATlUh BY W&FAT MK 4C DATE 2O/U9/74 TIPE 07/20/34 

0001 LIST(LP) 
0002 LIUHARY(SUDGRUUPSRF7) 
uuu3 LIEHARY(SUBGRUUPSRGP) 
0004 LIl!RARV(SUBGRUUPS-RS) 
0005 LIBRARY (ED,SUBLROUPFSCE.SUBRUUTINES~ 
0006 PHLGRAM(A53D~ 
0007 COI* PACT DAT,A 
0008 OUTPUT trlUZ*LPU 
000~ JNPUT 103mCRU 
UUIU USE l,lOl~~D1IFUR~~PTTED/l28 
0011 TRACE U 
0012 ENC 

, 
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0013 
0014 
0015 
0016 
0017 
OOlM 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
OOL6 
0027 
OOLM 
0029 
0030 
0031 
0032 
uo33 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0041, 
cl050 
OOjl 
005L 
0053 
0054 
0055 
0056 
0057 
0058 
OU>4 
0060 
OObl 
OObL 
ouo3 
0044 
0065 
0066 
0067 
(rO6M 
0069 
0070 
0071 
007L 
0013 
0074 
nl-l-?r. 

C 

c 

WASTEH A250 PLOT 2 
INTEGER P,PF,PI~,PC,SDIQ a 

DIbEtdSION PI~~~),Y(~DU~~FY~~~P~~~,DV~~OO~,HQ~~OO~,S~~~~~~,CUD~~~~, 2 
1PSI(625~rE~25~rTIHE~lUO~,UBS~lD~l~O~,XS~l~~,XM~2~~~%X~2~~~XE~~2~,X 
2~22)rJP~ZZ~,Z~3r2Z~,20orOPDER~22~,XP~~2~,AC~l~~,DTf~CY~,YIN~S~ 
3,PARAH(Z2) 

COr!iON/COl'lP/PS ,Y,DY,HQ,SPaA,BIC,D,F,G~H,UIVIU,Cl~C~,CS,C4,C5,C6,FY 
1 ,~~O,HHOV,PHI,SG,CG,SPHI,CPHI~TP~TQ~TR/ : 
~,:OW~~IEIPSY~C~D~E/DATA/I~'I~~~,ND~LC,SD,Q,HMAX,ACF,REJ,P,P~,PM,N,NF, 
3NlrPC,AC,P0,DT~~YIYIrOJXA,TlnE,OBSIXS/ ii 
~~ODEL/XE,X~XX~X~~,JP~ORDER~BX~BY~BZ,EX~EY~EZ~ND,XP 

COF~lON/CRAPh/FST~4,lOU~,TD~lOU~~TItLE~lD~ ~FIRSTIHEIJPLOTIIPLOTI PL 1 
1 TAXISnTMOVC PL 2 

DIkkNSION FAF(ZUO),DPI(4,25) PL 10 
HEADIhGS FOR PRINT OUT OF PARAflETERS,E.G. VO ILP #ETC. 1772 

DATA PARAH(l)/l76H VU PO RU YV VP YW 

:NP 
YXI YZT LV LP LR LX1 LZf NV 

NR NXI NZT EBETA EP ER EAY / 
CALL GFIN 
JPLOT=U PL 

PRINT PROGRAD! PdAkE AND HEADINGS Iftt 
CALL DATE (TODAY) 

1 WRlTE(Z,Z)lODAY 170 
2 FURI1AT(75HI PROCRAP 01 JULY 1973 DUTCH ROLL ANALYSIS FOR 

IFULL SCALE AIHCHAFT//35H A.J.ROSS AERU. Rl4lBLDG. PROG A25De6UX, * 

2'RbN ON 'rA8//) 

READ DATA AND PRbGRAwE OONTROL PARAMETERS 
3 CALL DATAREAD 

SET PRINT CONTROL AND TEST FOR SIMULATION MODE 
4 PCPO 

IF(I~D.EQ.lJFC~I 
PRINT PARAIIETER ANL, ACCURACY VALUES IN TWO ROWS 

DO 5U I=luLZ 
KaJP(I) 
CALL C~)PY(b,BRDEH~KlrltPARA~(I),l) 

50 CON-r INUE 
5 WHIT~(2,9O~(OKDER(I),l~I,~J,~X(I~~I=l~~~,~CWD(I)~I~l~~), 

I~OPDE~~I~rI~Yrl~~,~X~I~,I~Y,l>~,~CUD(I~,I~Y,l5~,~ORDER~I~~I~l6,22~ 
2r~~~I~rI~l6,2L~r~C~D~I~rIalb,Z2~ 

TEST FbR ibITIAL PHINTOIJT 
Xf(Ii.EQ.O)GO TO 4 

TEST FOR FINAL PRIIUTU(;T 
IFgPC.NE.ljCO TU 7 

TEST FUR FINAL NUI'UER OF PARAHFTERS 
IF(P.EQ.PF)GO Tb 6 

CHECK !,itlbE 01 ITEHATION COUNTER 
IF(IB.LT.iTP ILO TO 6 
PEPF 
N'h F 
Mbr~Z*tlD 
PC"0 
ITml 
GO TO 7 

WR'ITE I.AIN !IkPDINGS 
6 IF(lPLo5. NE.11 lrRITE(Lt92) 

SET UP !NlTIAL CUADITIOhS 
7 CALL INIT 

CLEAR b.ATRIX STORES AND SET COUNTERS 
SD~O 
se1 
J*P*P 
Y-. , n 

200 
210 (  

220 
230 
240 
250 

260 
261 
262 
280 
290 
300 
310 
320 
330 
340 
350 
360 
365 
370 
580 
39U 
400 
410 

430 * 
440 
450 
460 

480 l 

rnn 



Appendix D(cont’d) 57 

“ “ I  l 

0076 
s 0077 

00711 
0079 
0080 
0081 
OOUZ 
0083 
0014 
0085 
0086 
0087 
0088 
008Y 
CO90 
0091 
0092 
OGY3 
OUY4 
OGY5 
GGYC 
0097 
00911 
OOYY 

. 0100 
0101 
0102 
0103 
0104 

* Cl05 
0106 
0107 
OIOE 
010' 
0110 
0111 
OIIL 
0113 
0114 
0115 
0116 
0117 
0118 
0110 
OlLO 
0121 
0122 
0123 
0124 
OIL5 
0126 
0127 
0128 
lJlCC* 
0130 
0131 
0132 

l 0133 
0134 
0135 
0136 
0137 . 
o13e 
0139 
0140 
n", q 

I\-f.=r 

DO &i I=lrJ 
u PSI(1)~O.U 

DO 9 I~lrMINU(Kn25) 
Y CUD(1)~O.D 

SIGtlANU.0 
NAP='U 
DO 830 1'1rs4 
DO 830 J=1,25 

U3D DPI(1,J)~U.O 
C MAIN COMPUTING CYCLE SETTING UP NORMAL EQUATXONS 

1U DO 22 QP~,MD 
C CALCULATE MODtL PREDICTIONS AND PARTIAL DERIVATIVES 

CALL MATH MODkL 
C TEST ERRORS AND CALCULATE RMS 

11 JOG 
ERsO.0 
DO 12 Icl,hD 
E(I)=(ODS(I,J)-PI(I))*XS(I) 
ZEDnABS(E(I)) 
IF(ZED.GT.REJ)GO FO 22 

12 ERmER+E(I)*E(I) 
SI~~IA~SIGHA+ER 
SDcSD+ND 
NAPsNAP+ 

C TEST It PRINTING OF RESIDUALS IS REQUIRED 
IF((PC.EQ.1.AND.IPLOT.NE.1).OR,IT.EP.O) WRITE( 2,93)(E(I)tI'lrND) 

C SUM GVtR INSTRLI'ENTS ('DO 22' LOOP SUMS OVER TIMES) 
DO 21 L=l,ND 

C FOR EALH ROU.... 
DO 20 I=ltP 

C ANDFUR FACH CQLUMN TO LEFT OF DIAGONAL...... 
DO 19 J=lrI 
KDr(I-l)*P+J 
KDl=(J-l)*P+I 
PSI(KD),PSI(KDT)~PSI(KD)+FY(LII)*FY(L,J)~XS(L)~~~ 

19 CONTINUE 
CUD(I):FY(L,I)*XS(L)*E(L) + CUD(I) 
DPI(L,I)=DPI(L,I)+FY(L,I)Z*2 

2G CONTINUE 
21 CUkTl NllE 

MB MObIF 
530 
535 

22 CONTINUE 
IF((PC.KE.1.AND.IT.NE.O).OR.NAP.EQ,O~GCtTO 16 
DO 40 L=lrND 
DO 40 I=lrP 

40 DPI(L,I)=At!S(%(I) *SGRT(DPI(LII)/NAP)) 
WRITE(2r1012) NAP,YD,SD 

1012 FUNt~AT(lHU/lH ,138' OUT OF ',I38 ' POINTS ACCEPTED',SX,'DEGWEES Of 

500 
510 

54U 
550 
560 
570 
560 
590 
600 
610 
620 
630 
64 
650 
660 
67U 

1 FREFDOM ',I3 / 
2 'ORPS SLNSITIVITY MATRIX'//lH ,lZXa4HBETAe7X,lHP,PXnlHR~ 
1 YXrZHAYf) 

DO 41 I=lrP 
41 WHITF(L,lU13) ORDER(I)r(DPI(L~I)rLalrNb) 

lU13 FORIIAT(1H rABr4(2X,F8.5)) 
C FINISH IF FINAL PRlkT OUT 

IF(PC.EQ.l)GO TO 28 
C CHECK FOR SUFFICIENT DATA ACCEPTED 

16 IF(P.LT.SD)GO TO 80 
WRITE(L,lOll)SD 

1011 FORIIAT('0 NOT ENOUGH RATA LEFT SD='rIS) 
IF(IPLOT.EC.U)GU TO 28 PL 
IPLOT=U PL 
CALL HGpSYrDL(O.O,O.O,1.0,TITLE1270.0,20) 
CALL HGPSYtDL(O.O,-18,5,l,U,ZDHNOT ENOUGH DATA LEFT~270.0t20) ;: 
CALL HGPLUT(G.U,0.0,3,0) PL 
CALL HGPLOT(-1.0,0.0,0,4) PL Pll I "rnlnT,r\ ,a 0 n * n\ n, 

930 
940 

950 
960 
970 

23 

ii 
26 
27 
211 -be-l 
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vu-1 t,I(LL nUrl.uI ru.bru,urJ~~l~ 

0142 GO TO 20 
0143 80 CONTINUE 
0144 C RESET DATA REJECTIUN LEVEL 
0145 REJPSPRT(~~*SIG~AISD) 
0146 C SOLVE NORMAL ECUATIONS 
0147 CALL SOLNOC~'(P~SIGYAISD) 
0148 C INCREASE ITERATION COLNTER 

<on 49 IT~IT+l 
0150 C IMPROVE PARAMETER VALUES 

*0151 DO 25 I=lrP 
OlSi? 25 X(I)=X(I)+E(I) 
0155 DO 3U Imlr22 
0154 KDJPCI) 
0155 30 XXII)~X(K) 
0156 C PRINT SIGMA AND NO OF DEG. FREEDOM 
0157 WRITE(2,94)SIGMA,SD 
015e C CHECK FOR MAX NO OF ITERATIONS 
0159 IF(ITH.GT.IT)GO TO 26 
016U PCBI 
0161 GO TO 5 
0162 C CHECK PARAMFTER CHANGES 
0163 26 DO 27 Imlr22 
0164 IF(JP(I).GT.P)GU TO 27 
0165 ERmACF+XE(I) 
0166 IF(ABS(E(JP(I))).GT,ER) GO TO 5 
0167 27 CONTINUE 
01 be WRlTE(2rlUlO) 
0169 1010 FORItAT('0 CHAhGES FOR FOLLOUING PARAMETERS ALL SHALL') 
0170 PCPI 
0171 GO TO 5 
0172 C IS THERE ANY PLOTTING 'KANTED.... 
0173 2U IF~IPLOT.EC.lJ)GU TC 96 
0174 DO 1201 INS=lnND 
0175 DO 1200 II~lrMD 
0176 FAF(lI)=OBS(IkS,II) 
0177 IL00 FAF~II+I~D~EFIT~INS,II~ 
0178 CALL HGPLUT(U.U,22,0,Ut4) 
0179 CALL AXISCALE(F~\Ft2*YD-l,XHINIDX,INS) 
01 nc CALL PLOT(TD(l)rFAF(l),TD(2) tFAF(MD+l)rHD,tJ.25rU.2S) 
0181 IF(MOD(INS,Z).Ek.U)CALL HGPLOTC-THOVE,-44,U,Ot4) 
0182 1201 CALL HGPLOT(O.U,0,0,3rO) 
0183 IF(IIOD(NDtL).EQ.l)CALL HGPLOTt-THOVE,-22.UtUtb) 
OlB4 CALL HGPLOT(U.U,O.U,SrO) 
0185 98 IF(LC.LT.L)GOTOl 
0186 99 IF(JPLOT.EC.O)STOP 
u1n7 CALL HGPLOT(O.U,O.O,0~2) 
0188 CALL HGPTAPE(2rl2H ro#u#o) 
OISC, STOP 
0190 90 FORl!AT(lH rEXtBA8/7H VARI. ,BF8,3/7H DELTA r8FB,J//lN ,8Xn7ANI 
OIYI 17H VARI. r7FH.3/7H DELTA ,7F8.3//1H ,BX,IAN/TH VARI. r7F8.3/ 
0192 27H DFLTA r?FB.3//) 
0193 92 FOR~IAT~~HU,~X~~~~T~SECS~,~X,~H)~,~X~~HQ~~X,~HXI,~X~~HZETA// 
0194 IlH ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0195 Zt5XrZHRPn5X,2HRRs4X.3HRJY) 
0196 93 FURMAT(lH+,45X,>F7.3) 
0197 94 FURMAT(9HUSIGMA m ,P6.4,22W DEGREES UF FREEDOM a rI3//) 
0198 END 

990 
1000 
1OlU 
1020 
1030 
1040 
1050 
1060 
1070 

108U 
1100 
1110 
1120 
1130 
1140 
1150 * 
1160 

L 

PL 
PL 
PL 

R 
PL 
PL 
PL 
PL 
PL 

;: 
PL 
PL 
PL 
PL 
PL 

1190 
1200 

30 
40 
50 
6U 
70 
8U 
90 

IOU 
110 
12u 
130 
140 
150 
160 
170 
180 
190 

1260 
1261 
1262 = 
1270 
1280 
1490 

END OF SEGMENT, LENGTH 1047, NAME Ai!SDPLOT2 
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I  

0199 I 0200 
0201 
0202 
0203 
0204 
02DS 
0206 
0207 
0201) 
02Ub 
OLIO 
0211 
0212 
0213 
0214 
ULIS 
0216 
0217 
U21& 
021: 
0220 
0221 
OZL2 . u223 
0224 
0225 
0226 

* 0227 
ozzt! 
0226 
0230 
0231 
0232 
0233 
0234 
0235 
0236 
0237 
023e 
0235 
024U 
0241 
0242 
U243 
0244 
6245 
CL46 
Q247 
ozsl! 
024: 
U25C 
0251 
0252 
0253 
0254 

I  
U255 
I256 
0257 
b25e 
b254 

a U26b 
I  _I , .  

SUBROUTINE CPTAHEAC 1500 
INTE6ER P,PF,PM,PC,SDtQ 1501 
DI)EhSION PI~10~,Y~1DU~rFY~1~~25),DY~lOO~,HQ~lOO~,SP~~~2~~CWD~25~~ 2 

1PSI(625)tE~25~rTIl~E~lUO~~OBS~lO,~OO~,XS~l~~,XH~2~~~XX~22~~XE~~2~~X 
2(2~),JP(2c~,2(3,22),20(3,22),DRDER~22),XP~~~~,AC~l2~,DT~~~Y~,YIN~5~ 
3,ITD(lOO) 

COt~~ON/COHP/PlrY,DY,HPtSP~A~E~C~D~F,G~H,U~V~W~Cl~C~~C3~C~~C5~C6~FY 5 
l,RkO,RHOV,PUIrS~,CG,SPHlrCPHI,tP,tPITRI 6 
~NOR~~E/PSI,C~DIE/DATA/ITM~IT,MDILC~SDIQ~~MAX~ACF~REJ~P~PF~PM~N~NF~ 7 
3Nl,YC,AC~PB,DTf'rYINllOtXA~TIME~O~S~XS/ 8 
4HODtL/XE,X~YX~Xl~~JPrORDER~BX~BYrB2~EXrEY~EZrNDOcP 

CO~tl9N/GRAP~/FIT~4rlOU~,TD~lOU~,TITLE~lO~ ,FlRSTlME~JPLOT,IPLOT~ PL 1 
1 TAXIS,THOVE PL 

C READ tRTRY LABEL (FROC COLUMN I) 
1 REPD(l,BO)L 

60 FORt,AT(Il) 
IF(L.EQ.O)bC TO 1 

C READ DATA TITLE (FPOY CQL.2 OF NEXT CARD) 
RLAD(1,81)7ITLE 

81 Ft~ktiAT(lDAE) 
RRITE(L,81)TITLE 

2 60 TC (lrZ,3,4,5r6,7,~r")(L 
C READ ACCELEROt'ETtR PfJSITICNS 

3 RLPD~1,~4~~kC~I~,l~l,9~ 
84 FC'FI~AT(SFlU.3~ 

WRlTE(2,85~(AC(l),I=l~~) 
85 FUHt AT(55HU X.AY V.AY 2.AY X.AZ V.A2 2.A2 

123b' X.PL Y.PB Z.PB/OCFT.JIZX)) 
C READ t'ODEL COhSTANTS 

REPU(1,06)(SP(I)~I~l,ti) 
86 FORf AT(IIFlU.3) 

rRlTE(Z,b7)(SP(l),Irl~8) 
87 FOhtmAT(SHu I~~I~X,~HIV,~UX~~~I~~~X~~MIX~~VX~~H~~~X~~~S~SX~~~L~ 

15X,2hL2/3Fli.lr~F10.l~2F7,2) 
BXg(SP(=)-SF(3))/SP(l) 
RYg(SP(S)-SF(l))/SF(2) 
BZ~~SP~l~-SP~L~~ISP~3~ 
EXsSP(4)ISP(l) 
EYrSP(4)/SP(2) 
EZrSP(4)/SF(3) 

C PEAD FARAHETEF ALCURACIES 
PEPD(l,Bn)(rE(I),I31,~2) 

80 FOWI,AT(inFlU.>) 
C RFAD PI;D PRIR'I FtllPUER OF INSTRUWtNTS 

4 REPD(1,39)kC 
Ir!' FOPf'AT(I2) 

kRIlF(C,9U)hC 
90 CrJkI:A7(25tit~t~LI CER CF 1F'STRUIiERTS = rll) 

5 CE~L~lr!3~10r~l~~rDlt~ 
FIPSTI~IF=IIIX(TU) 

C READ lhITl/.L CLkCITILhS ETC. 
93 FClklPT~~~~l~.4/7fl(r.4/~F1U.4~ 

kPITE(L,94)?01YIkrCTr 
94 FOPI AT(55HU TO VT THETA Hnu G 

14H FkI/FlD .3,~lU.lrf1U.3rF10.7,FlU.2~FlO.3//l4~D J2.7Rln 
2 'JY.TFlII tf.TRItl Q,TRIM V.THItl P.TRIM R.TRIH 'XS 
3TkIt. ZETh.lElt ' /'/F'tC.3) 

C READ t'OGEL PkFAt'ETtPS 
REP~(lrS6)(h~(I),I=l,LZ) 

Yb FOPliA7(8FlU.4) 
5555 ~EAP~l~lO5~~J~~I~,I=l,22~ 

c 105 FOhtAT(221U) 
rll.cl .-I .I I.lII.T1c .,, 

1570 
1580 
1590 
1600 

PL 200 
PL 210 
PL 220 

1640 
1660 
1661 
1662 
1663 

, 1664 
1665 
1670 
1671 
1672 
1673 
1674 
1675 
1680 
1681 
1682 
1683 
1684 
1685 
17'10 
1711 
1712 
1720 
1711 
1721 
1723 
1724 

PL 230 
1740 

1743 
I 1744 

1765 
. 

1760 
1751 
1752 
1753 

..,,, 
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ULO I 
0262 
0263 
0264 
U265 
0266 
0267 
0268 
0265' 
0270 
0271 
0272 
0273 
0274 
0275 
0276 
0277 
0278 
027Y 
0280 
0281 
0282 
0283 
0264 
0285 
0286 
0287 
0288 
028! 
0290 
0251 
0292 
0293 
02Y4 
0295 
0296 
OZY7 
0298 
029“ 
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 
0329 
0330 

40 XFlCI)=1.0 
RHCv=YINC3)*YINCl) 
XM(4)xRHUV*SP(6)ISP(S) 
XW~~~~RHOV*SP~6~*SP~8~/SP~1~ 
XM(14)eRHUV*SP(o)*SP(H)/SP(3) 
DO 41 I=lr'l4,5 
XE(I+l)~XH(I)*SP(8) 
xrlII+2)oxtI(I+1) 
XKCI+3)=XM(I)*YINCl) 

41 XMCI+4)~XMCI+3) 
C READ PROGRAM CCNTRL'L PARAFETERS 

6 READClr"7)PEJ,ACfrHMAXnP,PF,ITM,LC 
97 FURI~ATC3FlU.4/510) 

~RITEC2,98)REJ,ACF,HYArrPIPT,It,lTN 
98 FORMATCBHO E T'AX~~X,&%HACCURACYI~X,~HDELTA t/3FlU,4//28H INITIAL N 

10 CF PARAMETERS L! ,12,2X,llHFINAL NO L rlZI/lPH INITXAL ITRN. = I 
21~,9X,16H11Rh. I:AXIMUH = t12) 

C CALCULATE N ANC NF.... 
Ne3*P+5 
NFrPF+3+5 
DO 52 IE=l';,22 
IFCJPCIE).LE.P)N=N-3 

52 tFCJPCIE).LE.PF)NF=NF-3 
C READ SCALING FACTORS 

7-READ(1~99)(XS(I)tI=lrND) 
YY FONP,ATC7FlU.Z) 

WHITEC2,10U)(XS(I),I~ltND~ 
100 FURt'sATCllHUSCALING OF/~X,~HBETA,~X,IHPI~X~IHRI~XIZ~JV/ 

14F10.2//) 
C IS THERE ANY PLCTTING NEEDED.... 

READC1,401)L,IPLCT 
401 FORF'nAT(211) 

IF(IPLOT.EG.U)GUTO 2 
IF(JPLOT.NE,U)GOTO 400 

C BEFORE FIRST PLCT OPEN TAPE... 
CALL HGPTAPE(UtlZHFLT EATA FITtOnUt7) 
CALL HGPTAPEClnlZH r010tO) 
CALL hGPL07(0.0,0,0t16,1) 
CALL HGPLOTC U.Un2.O,Un4) 
CALL HGPLOT(O.OtO.O,3oO) 
JPLOT=l 

C BEFORE EACH SET UF DATA PLCTTED START NEW PICTURE,.. 
400 CALL HGPTAPEClalZH #O#O#O) 

CALL HGPLOTC-4.U,U.O,U.4) 
CALL HGPLOTCU.U,O.O,3tU) 
GU TO 2 

C 
C READ DATA 

8 READC1,1O2~ID,CITDCI),COBSCK,I),K=l,9),I=l~MD) 
102 FOPE:ATCI3/CI3,9F8.3)) 

DO 402 I=lrl'D 
45 TICE(I)=O.l*ITD(I) 

402 TD(I)r(TIME(I)-FIRSTINE)*L.O 
TAXIS~2.O*IFIXCTIMECrD)-flRSTIHE+U.99) 
TMUVE=AI~AXlC3i!.U,TAXIS*5.U) 

Pfl~l2 
c 
C ENTRY POINT FUR REPEAT klTH SAME DATA 

0 DO IO I~lr22 
K--JP(I) 
xCIo=xx(I) 

IO CWC(K)~XE(I) 
DO 11 Ic23r25 

11 ~tJD(1)rC.o 
IF(P.NE.PF)FDRFtD/i! 
RETURN 
ENC 

I#OU 
1761 = 
1762 
1763 

1764 
1765 - 
1766 

:;:: 
1769 
1770 
1771 
177U 

1773 
1774 
1775 
1776 

178U 
1781 
1782 

11130 i 
1784 

PL 240 
PL 250 

FLL 255 260 
- 

K 270 280 
PL 290 
PL 300 
PL 310 
PL 320 
PL 330 
PL 340 
PL 350 
PL 560 

;I: 370 380 
1792 

1800 

PL 400 

:: 410 420 
PL 430 

1810 

1820 
1830 * 
1833 
1836 
1840 

18SU 
1.860 
1870 

END OF SEGMENT, LENGTH 735r NAFE DATAREAD 
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. 

0331 
0332 

* 0333 
0334 
0335 
0336 
0337 
0338 
033Y 
0340 
0341 
0342 
0343 
0344 
0345 
0346 
0347 
0348 
0349 
0350 
0351 
0352 
0353 
0354 
0355 

I  0356 
0357 
0358 
035Y 
0360 

v 

0361 
0362 
0363 
0364 
0365 
6366 
0367 
0368 
0361, 
0370 
0371 
0372 
0373 
037i 
0375 
0376 
0377 
0378 
03712 
0380 
0361 
0382 
0383 
0384 
0385 
0386 
0387 
0388 I 0389 
0390 
0391 
0392 -..- * 

I,R~O,RHOV,PliI,SG,CC,SPHI,CPHI,TP,TQ,TR/ 
2NORf;E/PSI,C'~DrE/DATA/ITf~,IT,HD,LC,SD,Q,HHAX,ACF,REJ,P,PFrPM,N,NF, 
3~l,f-'C,AC,PB,DTM,YIN,lU,XA,TIME,OBS,XS/ 
~HOCEL/XE,X,XX,X~I,JP,ORDER,BXIBY,~~,EX,EY,E~,ND,XP 

C RESPONSE EQNS. 
D~(Y(l~~TIFE~U~l~~/~lI~E~Q~aTIME~Q-~~~ 
DY(2)~Y(4)+DTl~(6) 
SPHI~SIN(Y(2)) 

C FOR VARYING ANGLE OF ATTACK..... 
U~YIN~1)*SIN~~~UBS~9,Q~~~OBS~9,Q-l~~*D+ODS~Y,Q~l~~/~7.3~ 
TQrDTM(4) 
80 oBS(8tQ)/57.3 -DTF(B) 
C~U.0 
DO 2U 1~3,5 
JaS*I 

2lf DY~I)UXP(J-~~)*Y(~)+XP(JI~U)~Y(~)~XP(J~"~~Y(~~+XP(J-~)~~+XP(J~~~ 
l*C 

DY(3)8DY(3)-U*(Y(5)+DTr(7))+W~(Y(4)+DTM(6))~32,2~DTH(2)+G~SPRI 
RULEPY~C~+B~*TQ*Y~~~+EX~TQ~Y~~~ 
YAk~OY(5)+BZ*TQ*Y(4)cEZ*lQ*Y(3) 
EXZal.U-EX*EZ 
DY(4)~(f~OL*EX*YAW)/EXZ 
DY(5)~(YAW+EZ*RUL)/EXZ 

C DIFF,EQkS. OF PARTIAL DERIVATIVES OF V,P,AND R. 
DO 70 Sal,3 
DO 71 JlilrZ2 

71 Z(1,J)nO.O 
70 COETIIUUE 

JTPO 
NilShI -2 
DO 90 Ka6,N2,3 
JctK-3)/3+JT 

83 JJPI 
81 IF(JP(JJ).EO.J)GO TO 80 

JJPJJ+l 
GO TO WI 

80 IF(JJ.GT.l&)GU TO 82 
DO 84 I=l,J 

84 Z(~,JJ)PY(K*I-I) 
GO TO YO 

82 JT,'JT+l 
JJJ+I 
GO TO 83 

90 CObTINUf 
C BASIC PART. DIFF. 

DO IU Jelrll! 
~D~~~J~PXP~~~*Z~~,J~+XP~~~*Z~~~J~+XP~~)*~~~,J~-U~Z~~,J~+W~Z~~,J~ 
Zf~~ZrJ~~XP~4~*2~l,J~+XP~l~~*2~2,J~+XP~ll~*2~3,J~+BX~TQ*Z~3,J~ 

l*E&*TQ*Z(ZrJ) 
10 2D(3rJ)eXP(14)+2(1,J)+XP~l5)*2~2,J)tXP(1~~t2~3,J~tBZ~TQ*2~~,J~ 

I-tZ*TU*Z(3rJ) 
C AD@ LONTRIB~JlIQLS FROM DERIV. 

DD 30 Irlr3 
Lm5*I 
2D(I~L-l)~2D(I,L-l)tXH(L-l~*Y(3) 
ZD(I,L)aZD(I,L)+XM(L)*Y(4) 

i 

r 

3::: 
s120 
3122 

Sl26 

51 s2 
5134 

x 
3139 
Jl40 
3142 
5145 
3146 
3147 
S148 
Jl60 

3180 
3190 

3210 
3220 
3230 

3250 

Sf 

3290 
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0393 2~llrL~lJ~2O~I,L+‘lJ+X~~L+~J~V~~J 
0394 ZD~I,L+Z)~ZD(ItL+Z)+X~(L+2)*B 
03Y5 30 ~D(I,L+~)=ZD(IIL+~)+~M(L+~)+C 
0396 C CORRECT FOR 1X2 
0397 DO 31 Jmlr'l8 
0398 tZmZD(ZtJ) 
039Y 23mLDt3,J) 
0400 ZD(ZtJ)~(Z2+EX+Z3)/EXZ 
0401 31 tD~3tJ)r(Z3+EZ*ZZ)/E~Z 
0402 C SPURlOUS VALUES FOR D/C(EB) ETC 
0403 DO 32 1~1,3 
0404 DO 33 Jm19122 
0405 Z(1,J)mO.U 
0406 33 ZDt1,J)nO.U 
0407 32 CORTINUE 
0408 c REARRANGE FOR' DY AND Y 
0405 JT*O 
0410 NZ*Nl-2 
0411 DO GO Km6,h2,3 
0412 Ja(K-3)/3+JT 
0413 53 JJCI 
0414 51' IF(JP(JJ).kQ,J)GO TO 50 
0415 JJmJJ+l 
0416 GO TO 51 
0417 50 IFtJJ.GT,lB)GU TO 52 
0410 DO 61 IpI, 
0419 Y(K+I-l)mZ(I,JJ) 
0420 61 DY(K+I-l)=ZD(ltJJ) 
0421 GO TO 60 
0422 52 JTmJT+l 
0423 JaJ+l 
0424 GO TO 53 
0425 6U COhTINUE 
0426 RETURIU 
0427 END 

3L)UU 
331u 
3320 
3330 
3340 
3359 
3360 
3370 
338D 
3390 
3399 
3410 * 
3420 
3430 
3449 

v 
3460 
3465 
3470 
3480 

3500 
3510 
3520 
3530 
354U 
3550 
3560 
3570 
3580 
3590 
3600 
3610 
33OD 
3310 

END OF SEGMENT, LEhGTH BOG, NAIE F4DERY 
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. 

s 

042U 
0429 
0430 
0431 
0432 
0433 
0434 
0435 
0436 
0437 
0438 
0439 
0440 
0441 
0442 
0443 
0444 
0445 
0446 
0447 
0448 
044Y 

. 0450 
0451 
0452 
0453 
0454 . 
0455 
0456 
0457 
0458 
0459 
0460 
0461 
0462 
0463 
0464 
0465 
0466 
0467 
0468 
046Y 
0470 
0471 
0472 
0473 
0474 
0475 
0476 
0477 
0478 
0479 
0480 
0481 
0482 1 0483 
0484 
0485 
04b6 

. 0487 
04M 
048!' 
I% I I. ,s 

2500 
2501 

2 

5 
6 
7 
8 

1 
1 TAXlStTMUVE 

cc 
IF(Q.EQ.Z)H=TIF'E(MD)-Y(1) 

1 INGeU 
C CALCULATE STEP LENGTH 

A=TIhE(Q)-Y(1) 
IF(ABS(A-H).LT.U.OOOl)ING~l 
Bl8A 
IF(HNAX.GT.A)GO TO 2 

BIEHMAX 
IF(ABS(H-HMAX).LT.O.OOOl)ING=l 

2 H-b1 
C INTEGRATE 1 STEP 

3 CALL F4RUN6(Nl,ING,H,Y,DYtHP) 
IF(IkG.EP.l)GU TO 4 
INbPl 
GO TO 3 

C CALCULATE I;ODkL VECTOR (NE. TQ = Q + Q(TRIM), ETC.) 
4 TPrY(4)+DTF(6) 

TRmY(5)+DTt'(7) 
C49TP*TO+DY(5) 
CSmTP*TP+TR*TR 
C6$TQ*TR-DY(4) 
FI@57.3*Y(Z) 
PI(1)=57.3~(Y(3)*DTh(5)+AC(7)*V(5)-AC(9)~Y(4))/U+XX(lV) 
PI(%)=57,3*TP*XX(20) 
PI(3)=57.3*TR+XX(21) 
PI(4)e (~P(4)rY(3)+XP(5)*Y(4)+XP(6)*Y(5)+Xpo*B+XP(B)~C+ 

lC4*AC(l)-C5*AC(~)+C6*AC(3))/VINo* XX(22)+DTH(2) 
7 IF(A.GT.HMAX)GO TO 20 

C CALCULATE PARTIAL DERIVATIVES OF MODEL VECTOR 
4 DO 11 INl,hD 

DO IO Jml,P 
ID FY(1rJ)eO.O 
11 CONTINUE 

DO 1L Ial, 
JelM+I 

12 FY(I,JP(J))=l.U 
KSP 
Ja3 
l=l 

13 J"J+J 
CLrTQ*Y(J+l)+DY(JeZ) 
C5=2*TP*Y(J+1)+2*TR+Y(J+Z) 
C6sTQ*Y(J*Z)-DY(J+l) 
GIhV~1.O/YIh(4) 
FY(lrI)=57.3*(Y(J)*AC(7)rY(J*2)-AC(S)*Y(J+l))/U 
FY(ZrI)o57.3*Y(J+l) 
FY(3rJ)a57,3*Y(J+Z) 
FY(L~I)rGIhV *(XP(4)rY(J)+XP(5)*Y(J+l)+XP(L)*Y(J*2)+C4*AC(l)- 

.,~-lFSrh~(L)*C6*AC(3)) 

PL ii 

2540 
2550 
2560 
2570 
2580 

2590 
2600 
2610 
2612 
26i4 
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 
27Stl 
-0.I n 
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V*YL 
0491 
0492 
0493 
0494 
0495 
0496 
0497 
0498 
0499 
0500 
0501 
0502 
0503 
0504 
0505 
0506 
0507 
0508 
050rj 
0510 

IUI l-l*1 LIQV 
IF~I.EQ.JP~19~.0R.I.EQ.JP~2O~.OR.I.EQ.JP~2l~.OR.I.EQ.JP~22~~GQ 2748 

lT0 101 274Y 
IF(I.LE.K)GO TO 13 2742 
FY~L,JP(~))cFY(~,JP(L))+CIIV +XM(4)+Y(3) 2770 
FY(krJP(5)~mFY(4rJP(5))+GINV *XHC5)*YC4) 2772 
FY(4,JP(6))=FY(4,JP(6))+GINV l XM(6)*Y(5) 2774 
FY(4,JP(7))oFY(4,JPC7))+CINV *X11(7)*6 2774 
FY(~,JPC~)>EFY(~,JP(~))+GINV *XMCcI)*C 2778 

C IF REQUIRED PRINT RESL'LT 28OG 
20 IF(IT.EQ.D)CO TU Ll 2810 

IF(PC.NE.l)GO Tb 30 2820 
IF(IPLOT.EQ.l) GO TO 30 

21 WRlTE(2,5D)Y(l)rW,TQ,B,C,FI,~PI(I)~I~l,4~ 2830 
50 FQRMAT(lHO,FU.3,4F?.2/lH rUX,4F7.2tF7.3) 2840 
3D IFCA.GE.HMAX)GO TO 1 2940 

IF~IT.EQ.U.CR.IPLOT.EQ.O)6O TO 31 440 
DO 51 IF!SDI,ND 45G 

51 FIT(INS,Q-l)=PI(INS) PL 460 
31 RETURN 2950 

F N C 2960 

END OF SEGMENT, LEhGTH 75Y1 NAFE MATHYODkL 
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. 

0511 SUBROUTINE IN11 
0512 IUTEGER P,PF,PM,PC,SDrG 
0513 DItENSION PI~10~,Y~10U~rFY~10t~5~rDY~lOO~,M~~lOO~,SP~24~~~CUD~~5~~ 
0514 1PSI~625~rE~~5~tTIME~lUO~~OBS~lO,lOO~rXS~lU~,XM~22~~XX~Z2~~XE~2Z~~X 
0515 2~~C~rJP~22~,2~3,221,2D~3rZZ~rORDER~22~,XP~2~~~AC~lZ~~DTM~9~,YIN~5~ 
0516 CO~lr~lN/COM~/PI,Y,DY,HQ~SP~A~B~C,D~F,G~H,U~V,~~Cl~C~~C3,C4~C5,C6,FY 
0517 IrRHotRH~V,PHlrSG,CG,SPHIICPHI~TP~TQ,TR/ 
0518 2NUPIiE/PSI,C'~DrE/DATA/ITI',IT,HDrLC,SDrU,HHAX~ACF,REJ~PrPF,PH~N,NF~ 
0515 3NlrPC,AC,PB,DT~rYIh,TO,XA,TIHEIOBSIXS/ 
0520 4MUtEL/XE,X~XX,XI ~JPIOHDER~~X~BY~B~IEX~EY~EZIND,XP 
0521 1 lf(P.NE.PF)hl=N 
0522 IFIP.EQ.PF)kl~Nf 
0523 2 DO 3 lMlr22 
0524 3 XP(I)=XX(I) 
0525 DO 5 I~krlU 
0526 5 XF(I)~XX(I)rXt(I) 
0527 Y(l)=70 
052b Y(d)=YINo) 
0520 Y(J)=XXCl) 
0530 Y(4)=XX(2) 
0531 Y(S)DXX(3) 
0532 D(' 4 I=(,,70 
0533 4 Y(l)=u.n 
0534 Y(O)=l.O 
0535 v(1u)~l.o 
OS36 Y(14)=1.0 
0537 U=YIh(1) 
0538 G~YIf~(4)*ClS(YIk(2)) 
053'1 HkTUHN 
054c c ND 

6000 
6OUl 

2 

5 
6 
7 
8 

6060 
6070 
6090 
6092 
6094 
6096 
6110 
6130 
6132 

6134 
6136 
6170 
6180 
6190 
6192 
6194 
6220 
6230 
6300 
6310 

LEiD C'F SEGMENT, LthCtH lL4# NAFE I lu I 7 

l 
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Table 1 

INPUT DATA FOR LONGITUDINAL VERSION 
. 

Cowente Entry 
label 

Portran 
eymbol 

Units Item Format 

II Entry label of next READ instruction L 

Title 

AC(g) 

Data 
Title 

IX.A79 

3 cards in 
3F10.3 

m 

2 
kgm 

3 
m 

Positions (x,y,z) of normal accelerometer, airspeed 
indicator and angle of attack vane 

Instrument 
positions 

IY 
m 
s 
e 

Moment of inertia 1 4P10.3 SP(4) 

xE(W 

ND 

iirz; 
YIN(S) 

DTM( IO) 

Mass 
Reference area \ Aircraft c”“#ta”ts 

Reference length (usually :) J 
Accuracy level t” define convergence for each parameter, 
listed in fixed order of parameters 

Number of instruments 

3 cards in 
BF10.3 

Initial time 
Trim speed 
Air density 
Acceleration due to gravity 

I card in 
(Fl0.3,IOX, 
Fl0.3,IOX, 
2F10.3) 

t0 
v 
P 
g 

k 

“‘3 

qe 

ue 

@e 
% 
P, 
=e 

8 
m/s 
kg/m3 
m/s2 

2 cards 

I L” BF10.3 

The trun values of:- 

pitch angle 

normal velocity (along z axle) 

pitch rate 

forward velocity (along x axis) 

bank angle 

elevator deflection 

roll rate 

yew rate 

normal acceleration (-1.0 in steady horizontal, zero o 
flight) 
angle of attack 

Parameters listed in fixed order 

rad 

ds 

radls 

m/s 

rad 

rad 

radjs 

rad/s 

I in 2FlO.3 
rad 

% 

Oe 
First 
gueseea 

3 cards in 
BF10.3 

Chosen 
order 

REJ 
ACF 
IMAX 

I card in 
3F10.3 

Inltlal data rejectlon level 
Factor on parameter accuracies 
Maximum lntegratlo” interval 

I card in 
510 

Inlclal number of parameters to be identified using half 
of observations 

Final number of parameters to be identified using all of 
observations 

Inltlal value of iteration counter 
Menmum number of iterations 
Last case lndlcator 

Welghtlngs on instrument readlnge 

P 

PF 

IT 
ITM 
LC 

4F10.3 

L 
IPMT 

211 Next entry label (8 or 9) 
lndlcator for plottlng requirements 

NGAP 
TF 
IL 

(12, 
F8.4, 
II) 

Spacing of observations polnte to be fitted 66) 
Final time 
Paper tape loading lndlcator 

Entry label for contlnulng with same observations 

Terminator Must be final card in deck **** 

Paper tape Input 

--T 
FOrfran 
symbol 

Format I tern Units COmUle”tS 

5 alphanumeric character tape name 
Number of observed data points on tape 

For each tunepo~nt:- 

8 time of observation 

red/s pitch rate 

I3 normal acce1erat1on 

red elevator position 

NOTE: For this particular alrcraft instrumentation only 
q and aZ observed 

RUNAMB 
m 

I line in 
A5.14 

(~6.3, 

3F9.5) 

TIME(I) 

OBS(I,I) 

OBS(2.1) 

COBS(I,I .2) 
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Table 2 

INPUT DATA FOR LATERAL VERSION 

2) of lateral accelerometer, normal 

Aircraft constants:- 

Moments and products of inertia 

Reference area 
Reference lengths 

x.EW) 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 TO 6~10.4 to 8 Initial time 

YIN(5) V ft/s Trim speed 

0 relative to earth axes e rad Trim pitch angle, 

P slug/f t3 Air density 

g ft/s2 Acceleration due to gravity 

8 rad relative to earth axes 
e 

Trim bank angle, 

D’fM(9) 2 cards aze Normal acceleration 

7F10.4 aYe Lateral acceleration 

2F10.4 w 
e 

ft/s Normal velocity 

qe 
rad/s Pitch rate 

v ft/s e 
Sideslip velocity Trim values, all relative to 

genmetric body axes 

‘e 
rad/s Roll rate 

r rad/s Yaw rate 

5: rad Aileron deflection 

‘e rad Rudder deflection 1 

XX(22) 3 cards First Parameters listed in fixed order 
8F10.4 guesses 

JP(22) 2210 Chosen 
order 

~6 REJ luitial data rejection level 
ACF 3FlO.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 
ITN 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 

ITD(1) Time Number of time point 
OBS(l ,I) MD cards 6 deg Sideslip 
OBS(2,I) in 9F8.3 p deg/s Roll rate 
OBS(3,I) r kg/s Yaw rate 
OBS(4,I) 
OBS(5,I) 

aY g Lateral acceleration factor 
g Normal acceleration facLor 

OBS(6,I) 
-az 
V ft/s Forward speed 

OBS(7,I) h ft Height 
OBS(8.1) 5 deg Aileron angle 
OBS(9,I) u deg Angle of attack 
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Table 3 

ARRAYS USED IN LONGITUDINAL VERSION 

I AC(I) SP(I) YIN(I) DTll(I) xsw OBS(I,J) C$BS(J,K,I) 

' xa I 0 
Y e w1 4 t 

2 YaZ 

4 
m V w Wi a 

e a z n 

3 zaz s - qe WIZ 
V 'AS 

4 xvz -6 P U 
e wl!i 

- 

5 Y” 
g ‘e J is count over times at which 

6 zv ne 
fitting is required (I to MD) 

7 x K is count over intermediate 

8 YU 
'e time points (1 to NGAP) 
r 

9 zz 
e 

a 
Z e 

IO a e 

r - 
- 
1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

II 

12 

13 

14 
15 

16 

17 

18 

19 

20 

- 

XX(I) 

eO 

w@ 

90 

uO 
ii: 

W 
a 

ii 
4 

i; 

fW 

5 

k 

% 

r;, 

k 

Bq 
JU 

M 
n 

E 
4 

Ea 2 

E" 

Ea 
* 

Parameters in fixed order 

xp(I) 

eO 

wO 

40 

uO 
-L 

W 
4 

04 
-X 

U 

4 

-& 
rl 

W 

-; 
.q 

-Z 
U 

-; 
r7 

4 
W 

-iii 
oq 

-m 
U 

-iI 
rl 

E 
9 

E 
a 

Z 

EV 

E a 
* 

m(1) 

1 

1 

1 

1 

IpVSlm 

IpVSBlm 

IpVS /m 

1 pV2S/m 

IpVS /m 

IoVSr/m 

1oVSlm 

ipV2S/m 
~pVSPI1 

1 PVS& 

IPVSB/I y 

1 pv2sF/~y 

I 

1 

!(I ,I) 

3daeo 
3w/awo 
3daqo 
3w/auo 
a~/ a? 
ad ai 
awl ai 

4 

ad ait 
ad ai 

W 

ad ai 
awl ai”, 
ad ai 17 
awl aiiw 
awl at? 
awlat? 

4 
U 

awl a$ 
0 

0 

0 

0 

Also ZD(.J,I) = g Z(J,I) 

Z(2,I) 

ada e. 
aq/awo 
a9/aqo 

. 

. 

. 
etc. 

1 
(3,I) 

u/aeo 
h.7, 
u/ho 

. 

. 

. 

5 

* 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:- 

JP (1) 

13 

1 
2 

12 

16 

17 

11 

18 

5 

9 

15 

10 
4 

6 

14 

3 

7 

8 

19 

20 

eO 1 wO 

wO 2 
% 

40 3 ii 
rl 

uO 4 
k 

%W 
5 

iW 

ii 6 i i 

s 

4 
7 

U 

i 

E: 
8 E 

2 

az 
9 i 

W q 
i 10 i 
“9 Yq 
zU 

11 
xU 

i 12 
rl uO 

kW 
13 eO 

i i 14 
q k 

4I 
15 i 

U 

ii 16 i i 
‘-I W 

E 17 i i 
q .q 

E 
aZ 

18 X 
n 

Ev 19 E 
V 

Ea 20 E a 
* 

+ 
Fixed 
order 

+ 
Chosen 
order 

** See Fig.4. 

X(I) I 

wQ 
40 
-ii 

11 
-VISw 
-5 ' 

W 

-6 
4 

E 
4 

EaZ 
-2 

4 
-; 

n 
-2 

U 

uO 

eO 
-VIiiu 
-i 

U 

4 
W 

4 
4 

-2 
rl 

% 

E ci. 
* 

* X(1) and XC(I) are labelled 
'non-dimensional' and 'avionic' 
respectively in output. 

10 parameters 
varying** 

t 

e(t) 
w(t) 
q(t) 
u(t) 
l-l(t) 
ad ho 
a4 I awe 
au/ awe 

ad aqo 

ad aqo 
ad aqo 
aw/af$ 
aq/aiG 
atdaf2 

aw/ai? 
aq/a&t 
au/ atiw 

ad ai 
aqlaiz 
aulaiw 
ad a? 

Jq 
aq/aM 
ad aS( 
ad ai 

aq/a$ 
adaz 

.q 
adaz 
aqlat’ 
au/ ai: 

also DY(1) = -& (1) 
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Table 4 

ARRAYS USED IN LATERAL VERSION 

I AC(=) SP (I) YIN(I) 

X 
w 

Y 
ay 

z 
w 

X az 
Y az 
2 

aZ 
X probe 
Y probe 

'probe 

I I V V 

IX IX 0 0 

=: =: 

e e 
P P 

I I xz xz g g 
m m @e @e 
S S 

III = kT III = kT 

!t2 = s 

DTM(I) I XS(I) I 

aze 

aYe 

OBS(I,J) 

8 

P 
W e 

qe 
V 

e 

pe 
r 

5: 

'e 

r 

aY 
-a 

VZ 

h 

5 

a 

r 

I xx(I) xp(I) XM(=) Z(1 ,I> Z(2,I) Z(3,I) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

vO 

PO 

rO 

YV 

yP 
'r 

YE 

Yrl 

% 
R 

a: 

% 
II 

n 
n 

V 

nP 
n r 

3 

nc 

EB 
E 

P 
E r 

EaY 

vO 

PO 

rO 

-iv 

-i 
op 

-'r 
-;c 

GC 
-& 

V 

4 
.P 

-'r 
4 

5 
-i 

OF 
-n 

V 
e 

-n 
.P 

-n r 0 
-n 

05 
-n 

5 

EB 
E 

P 

Er 
E 

aY 

I 

1 

1 

VS/m 

VSs/m 

VSs/m 

V2S/m 

V2S/m 

VSs/I 
X 

VSs2/Ix 

vss2/1 

V2Ss/I 
X 

v2ss,1: 

VSs/I 

vss2,;z 

vss2/1 

v2ss,1: 

V2SS/I 

v2ss,1; 

v2ss/1 

v2ss/1; 

V2SS/I 
z 

av/avo 

av/apo 

av/aro 

av/ay 

av/ayv 

av/ayP, 

ways 

av/ayc 

av/a ev 

avlan. 
P 

avla kr 

av/aac 

av/a kc 

av/anv 

avlah 
P 

av/anr 

av/anc 

avlan 
5 

0 

0 

0 

0 

ap/avo 

waPo 

War0 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

aplan 
c 

0 

0 

0 

0 

ar/avo 

ar/apo 

ar/aro 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

ar/an 
5 

0 

0 

0 

0 

Parameters in fixed order 

* 

Also ZD(J,I) = -& Z(J,I) 

1 

* Note on notation, XX(I) and X(1) (see Table 4 (cont.)) store aerodynamic 
derivatives non-dimensionalised as in Ref.8, and so that notation is used. 
XP(1) stores concise dimensional derivatives, and so the notation of Ref.7 
is convenient. 
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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:- 

JP (1) =(I) 

1 

2 

3 

12 

17 

18 

19 

20 

4 

9 

15 

13 

21 

5 

16 

8 

14 

22 

10 

6 

7 

11 

vO 

PO 

'0 

T7 

yP 

‘r 

ys 

yc 
Q 

V 
Q 

P 
‘r 

“5 
Q 

5 
n 

V 

nP 
n r 

2 

nl; 

EB 
E 

EPI 

EaY 

+ 
Fixed 
order 

I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

X(I) 

vO 

PO 

'0 

%T 

n 
V 

E 

EPr 
n r 
Q 

P 

EB 
Fa Y 

YV 

"5 

2 

‘r 

nP 

yP 

‘r 

y5 

yc 

Qt; 

5 

+ 
Chosen 
order 

* See Fig.8. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

7 parameters 
varying* 

t 

4(t) 
v(t) 
p(t) 
r(t) 
ad ho 
a&v0 
ad ho 
ad aPo 
adaPo 
arho 
av/aro 

ap/aro 

ar/aro 

adaa; 

ap/aQ 

ar/aQv 
V 

av/ anv 

ap/ anv 

ar/ anv 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

av/ anr 

+/an r 
ar/anr 

av/aQ 

ap/ ati 

ar/aQ 

aday’ 

aday” r 
ad ay, 

ad aQ 
5 

aplaa 
5 

ar/aQc 

Added for 
continuation 
with 13 
parameters 
varying* 

also DY(I) = 5 Y ( I )  l 
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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) 

DY(100) 

HQ( 100) 

PI(l0) 

N(10,25) 

SP(242) 

H 

U 

Cl,C2,C3,C4,C5,C6 

A 

B 

C 

G 

W 

RHO 

RHOV 

PHI 

SPHI 

TP 

TQ 
TR 

CPHI 

D,F,V,SG,CG 

variables in F4RUNG Subroutine 

derivatives of Y(1) with respect to time 

computing space in F4RUNG 

model vector of calculated instrument readings 

partial derivatives matrix 

spare computing space, 242 balances space in SOLNORM 

step length for integration 

mean trim speed 

computing space 

check on step length 

\ 

perturbation of aileron angle, 5 

perturbation of rudder angle, < 

component of acceleration due to gravity, g cos oe 

observed normal speed lateral 

air density, p 

PU 

bank angle, @ 

sin Q 

total roll rate 

total pitch rate 

total yaw rate 

cos cp Longitudinal program only 

computing space not used in current programs 

COMMON BLOCK GRAPH 

FIT(4,lOo) calculated instrument readings 

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

TITLE(lD) 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 

#program 
only 

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: Dimensional quantities may be expressed in SI or Imperial units, 

provided that the data is consistent. Angles are expressed in radians, unless 

otherwise stated. 

a 
X’ ayy az 

b 

b b b x" y' 2 
T 

C 

c&‘cN 

D 

E 

E E etc. 
P' r 

e , e 

fli 

y' eZ 

gj 

is 

Ix' 1 Y Iz Y 
I 

xz 

LV' 
L etc 

P 
5' a2 
M 

W' Mq etc* 
m 

m 

N 
v' NP etc- 

n 

P 

P 

4 

r 

r 

forward, lateral and normal accelerations 

wing span 

(IY 
- Iz)/I x ' (IZ 

- Ix) /I , (I - Iy)/I 
Y X z 

mean chord 

[fkil, an mn x p matrix 

coefficients of lift, drag, normal force 

CR~il ¶ a column vector of mn rows 

cq Y a column vector of p rows 

off-set errors in instruments 

Ixz/IxY IxzlI , 

ar(x,ti)la\ Y' 

Ixz/I Z 

the partial derivative of the calculated instrument 

readings vector at time t. 
1' 

with respect to the parameter xh 

time rate of change of state variable, 
parameters, state and time 

Yj I as a function of 

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 oi 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) 



74 

SYMBOLS (continued) 

R residual errors 
Tr 

s semi-span 

S reference area (wing area) 

'k standard deviation of k'th parameter 

t. 
1 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) 

'e aircraft speed in trim condition 

W heaving speed (speed along z-axis) 

W instrument weighting matrix 

xl,~19zl etc. instrument positions 

x1' "p . . . . parameters 

xU9 
Xw etc. longitudinal force derivative due to forward velocity, heaving etc. 

state variables Yl ,*a•,Y r 

yv'yP etc* 

zw2zq etc* 
c1 

B 

5 
5 

rl 

e 

5 

IT. 1 
Tr. 

1c 

P 

a 

T 

0 

Qe 

Y 

"e 

side force derivative due to sideslip, roll rate etc. 

normal force derivative due to heaving, pitching etc. 

angle of attack 

angle of sideslip 

correction to k'th parameter 

rudder angle 

elevator angle 

pitch angle 

aileron angle 

vector of instrument readings at time t. 
1 

vector of calculated instrument readings at time t. 
1 

air density 

rms of the residuals of the observations 

complete set of relations required to calculate x. 

bank angle 

trim bank angle 

C*WC (section 2) 

1c 

trim rate of rotation about vertical axis 

i 
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SYMBOLS (concluded) 

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

X trim values 
oe 
X dimensional quantity 

xO value at initial time 
X 
ga 

relative to flight path axes 
aeronormalised quantity 

ir derivative with respect to time 

X* transpose of matrix 
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DATAREAD . ‘= WRITE data 

and accuracies 

7 

Fig. I Flow chart of MASTER segment (omitting graph 
plotter subroutines) 



3 
HUNTER A9227 

51680.0 7937.1 
0.02 1.0 
0.05 
0.005 8: io.5 

2 

2; 
4.0 

0.0 

-5.893 6.527 
-0.105 -0.493 
13 1 2 12 16 17 11 
10.0 1.0 
10 10 1 8 2 

ii" 
0.1 

4 24.6 0 

32.423 
0.005 
0.1 
1.0 

190.0 

Demonstration RUN 

0.654 9.81 
190.0 -0.1185 

-0.237 -0.365 -2,831 

18 5 9 15 10 4 6 14 3 7 6 99 20 
0.25 

0.0 0.0 

Start of paper tape 

Al;??7 
6nn 
rl.nnn -n.l5n70 -1.73~10 -0.10442 -n.c;2lp7 
n.050 -n.t4715 -1.7?jK3? -0.Ifl442 -fl.C??OF 
n.lnn -n.l39oc -1,315oc; -0.11-1355 -n.r;lwis 
n,15n -n.l36?5 -1.71769 -0.ln24c -n.62187 
r),?nq -n,l3733 -I.??559 -0.111224 -n.r;lw 
n.mn -0.137~7 -1.16777. -n.lnlRI -n.6l641 
n.3nn -n.l:557 -1.17~~4 -n.lnlls -n.c;l3l4 
n.350 -n.t71?l -l1l7n35 -n.loll5 -0.6o9n7 
n.snn -n.l1837 -1.14wa -0.lon50 -n.c;nccn 
0.45n -n,ll51n -1.16777 -n.lnnw -n.m?73 
n.5nfl -ft.11727 -1.tf735n -n.n9944 -ft.60273 
0.550 -n.lnpnn -1.1742.4 -0.n9941 -0.m55n 
n.c;nn -n.!nr;l7 -1.le47k -n.n9954 -n,c;n550 
n.650 -n.lnsm -1.1~350 -0.n97m -n,f;n373 
n.7nn -n.ln355 -1.71769 -n.n9745 -0.60441 
r1,75fl -n.lnPf;Q -1.~3~73 -0.09678.-n.60660 
n.Qno -n.lnm -1.24667 -n.n04Q3 -n.r;nR'tR 
n.950 -n.l005n -1.2~;7~(r -0.n924.3 -n,cl3l4 
n,ono -n.in333 -1.37797 -n,npn75 -n.flnnf 
fl.wn -n.10464 -1.24344 -n,nf;ni6 -n.f;n769 
I.non -o,ln4?.0 -l.?Qr,n7 -0.nQQ73 -n.c;nw3 
i.n5n -n.inRi3 -l.~QJ!JF,. -0.rIRQ94 -0.~044l 

Fig.2 Data input for longitudinal program 
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LONGITUDINAL ANALYSIS FUR FULL-SCALE A/C 
G.U.FOSTER,AERO.DEPT. Al41C. 

HUNTER AC227 DEMULSTRATIOk RUh 

IhSTWUHENT POSITIONS 
Xl Yl 21 x2 
0.000 o.uou U.UOU u.olJo ~fooo 

IY M S CBAR 
5168U,O 7937.8 3L.4 3.17 

NUMOER OF INZTRWtNTS = L 

RUM OI..ZO/U9/74 

22 X3 Y3 2s 
o.olJo 0,UOO u.000 0,000 

TO VT RHO G 
5.UUU o.uuo IrO.uUO 0.u 0.654OUUO 9.81 

THETA.TRIH b.TRIN k.TRIH U.TRIk PHI.TRlH ETA.lRIM P.TRIH R.TRIH AZ.TRIH ALFA.TRlM 
U.OUUU o.uuuo u.uouo 190,UUUU 0.0000 -U.1185 u.0000 0.0000 -1.0000 0.0000 

E IAX ACCURACY CCLTA T 
lO.UUUU l.UUUU U.Z>OU 

IkITlAL NO OF PARAPIETERS m 1U FINAL h0 l 10 

INITIAL ITRN. m 1 ITRN. ,tAXIhUM m 8 

SCALING OF 
C AZ v ALPHA 

1.00 0.10 

TAPE IDENTlFIER AGi!Z? ORIGCNAL NLIHBER CF DATA POINTS 600 

ONLY EVERY 4 POINT USED 

WU 90 t' ETA nh zw 
VARI. 0.000 u.oou -0.493 -0.365 -5.893 :NON-DIHENSIONAL 

DELTA( 
0.000) ( U.UUU) ( -11.574) ( -8.569) ( -1.@6) :AVIONIC 
l.UOO u.oo> 0.005 0.500 O.U50 

EQ EAZ 2Q 2 ETA 
VARI. -0.109 -0.4YJ 6.527 -0.237 :NON-DIHENSIONAL 

( -1.110) ( -U.l0>) ( -0.4Y3) ( 5.251) ( -11.428) :AVIUNIC 
DELTA 0.100 0.005 u.ous 

xu uo TEETAU 
VARI. o.uoo u.uuu u.ouu 

DELTAi 
0.000) ( U.UUlr) ( 0I0i0) ( 
o.uoo l.UUU 0.02u 

0.500 0.020 

XI* X9 X ETA 
VARI. 0.000 u.uuu u.ouu 

( U.000) ( UIUUU, ( 0I00u, ( 
DELTA O.UOl l.UUU l.OUU 

SIGMA = U.OC84 DEGREES Of FREtDO) m l&6 

WO UO I FTA 
VARI. -L.U~4 -u.u35 -u.i46 

( -2.U"4) ( -0.033) ( -5.778) ( I.. It, I. I,C 0 ,111, 0 nr* 

ML 
0.000 
O.OUO) ( 
1.000 

o'ioo 
0.000) ( 
1.000 

ML 2w 
-0.249 -4.L63 :NON-DIMENSIONAL 
-S.l!51) ( -l.UBZ) :AVIONIC 

L nnc p *., 

LU 
o.uuo :NON-DIMENSIONAL 
O.OUO) :AVIONIC 
0.100 

EALPIIA 
o.uoo :NON-DIMENSIONAL 
O~UOO) :AVIUNIC 
o.uoo 

Fig.4a Results for longitudinal example 
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MU EP EAZ 20 2 ETA 
VARI. -4.501 -0.lOL -0.546 -12.655 -0.>65 :NON-DIMENSXUNAL 

( -1.763) ( -O.lOL) ( -0.5411 ( -10.181) ( -27.250) :AVIONIC 
DELTA 0.176 0.001 0.009 3.178 0.159 

ox:00 
UO THETAb t1 b zu 

VARI. 0.000 O.OOlr 0.000 0.000 :NON-DIMENSIONAL 
( 0.000) ( o.oou) ( o.oou) ( 0.000) ( 0.000) :AVIUNIC 

DELTA 0.000 U.UUU 0.000 0.000 0.000 

Xh XQ X ETA EV EALPHA 
VARI. 0.000 0.000 0.000 0.000 0.000 :NON-DIMENSIONAL 

DELTA( 
0.000) ( u.oou) ( 0.000) ( 0.000) ( 0.000) :AVIUNIC 
0.000 0.000 0.000 0.000 o.uoo 

SIGMA = 0.0056 DEGREES OF FREEDOt' = lb6 

VARI. 
( 

DELTA 

VARI. 
( 

DELTA 

VARI. 
( 

DELTA 

wo 
-5.3C2 
-5.3"2) ( 

0.423 

MU 
-3.269 
-1.281) ( 

0.251 

xu 
0.000 
0.000) ( 
0.000 

40 
-0.015 
-O.Ol>) ( 

0.006 

EQ 
-0.103 
-U.lUJ) ( 

0.001 

uo 
o.oou 
0.000) ( 
o.uuo 

t' ETA Flk 
-0.2oz -0.140 
-4.75C) ( -3.295) 

O.OOb 0.006 

EAZ xc 
-0.546 -19.019 
-0.546) ( -15.301) 

0.006 4.504 

THFTAO MC 
0.000 0.000 
U.OUU) ( 0.000) 
o.ouu 0.000 

2w 
-2.303 :NON-DIHENSIUNAL 

( -0.607) :AVIONIC 
0.143 

2 ETA 
-0.286 :NON-DIMENSIONAL 

( -13.806) :AVIUNIC 
0.111 

of ioo :NON-DIMENSIONAL 
( 0.000) :AVIONIC 

0.000 

xw XQ k ETA EV EALPHA 
VARI. 0.000 0.000 0.000 0.000 0.000 :NON-DIMENSIONAL 

DELTA( 
0.000) ( U.UOC) ( U.OUU) ( 0.000) ( O.UOO) :AVIONIC 
0.000 U.UOU U.OUU 0.000 o.uoo 

SIGMA n 0.0053 DEGREES OF FREEDOF = lb6 

VAHl. 
( 

DELTA 

VARI. 

DELTA( 

VARI. 
( 

DELTA 

VARI. 

wo 
-4.666 
-4.066) ( 

0.474 

MQ 
-3.134 
-1.228) ( 

0.138 

o'l'ioo 
0.000) ( 
o.uoo 

xw 
0.000 
,* r ,\ ,I , I 

QO t ETA MC zw 
-0.uo4 -0.214 -0.185 -3.092 :NOk-DIWENSIONAL 
-U.U0(1) ( -5.(117) ( -4.349) ( -0.785) :AVIONIC 

u.uu> u.005 0.003 0.073 

EQ 
-0.103 
-u.luJ) ( 

0.001 

uo 
o.ouu 
O.UOU) ( 
U.UUU 

X'd 
u.ouu 
aa ,.I,. , , 

kP2 
-0.544 
-0.544) ( 

O.OU> 

ThETAO 
0.000 
U.OUU) ( 
u.oou 

X ETA 
0.000 
I) ,,,,.,\ , 

2c 2 ETA 
-5.617 -0.L24 :NON*DIMENSIUNAL 
-4.518) ( -10.824) :AVIONIC 

2.e53 O.U7Y 

MU 2U 
0.000 0.000 :NON-DIMENSXUNAL 
0.001)) ( O.UOO) :AVIONIC 
0.000 o.uoo 

EV EALPHA 
0.000 o.uoo :NON-DItlENSIONAL 
n #Inn\ , n ,,,rn. ., ,.I. .I.#. 

Fig.4 b 



DELTA’ 
V,“““, \ “.“““a \ “,““V, t “.“““I \ “.“““I :b..“m.. 
0.000 u.uuu o.oou 0.000 0.000 

SIGHA m U.0052 DEGREES OF CREEDW m 166 

VAR 

DE1 

VAR 

UG a0 P ETA Flu 
1. -5.u19 -u.u13 -u.zoz -0.18? 

c -5.019) c 4.011) c -4.746) c -4.381) ( 
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VARI. ~10,051 0,544 -0.185 "U,lUO U,UY5 
DELT4 0,632 0,036 0,005 u,iJo3 V,WUl 

LY E8ETA EAY YV LJtI 
VARI. -0.531 U,OOC 0,031 u,ct?3 w,uoe 
DELTA 0,000 0.000 0,oon 0,uoo U,UUU 

NP VP Y9 YXl YfT 
VARI. 0.000 0,UUO O.UOO U,UOC u,uuu 
DELTA 0.050 0.100 0.100 tJ,lOO U,‘lUU 

SIGM4 = 0.1194 DEGREES OF FREEDOH = 153 

CHAnlGES FOR FOLLO*IINCi PARAHETERS ALL SIIALL 
vo PU RU LV NV 

VARI. -10.15L 0,540 -0.lFl5 "U , 'I 00 U,UY> 
PELT4 0,819 0.037 0.005 Ll,UU3 U,UUl 

LP ERETA EAY YV 1AJ 
VARI. no.331 0,000 0.031 U.d25 "U, uoe 
DELTA 0.iln0 O.OUO J.000 u.uuo u,uuu 

NP YP YR Y&I YfT 
VAIlI. 0,000 0,000 0 , 0 n 0 0, uoo U,~UU 
DtlTq 0.050 C,lUO o.inu I' ) I 0 0 u,'luu 

EP 
l ~,158 

o,i?ea 

NXI 
0,000 
0,wo 

LZT 
0,uoa 
0,100 

EP 
-8,209 

0,211 

NXI 
O.UOJ 
0,000 

1ZT 
0,030 
0,100 

EP 
-R.LTZ 

0.211 

NXI 
0.~00 
0.000 

LZT 
o.ooo 
0,100 

40 )JT Of 42 POINTS ACCEPTED UEGRErS UP FMCkPWl lb0 

HI(S SENSITI"ITY tlATRIX 

RETA P R AI 

VU 0.?4337 3.4tsAo 0,'34d47 U,VlUNU 
P 0 0, ozLIa6 2,1'133 U,11>22 U,UUO>O 
Hd 0.03717 15,16474 L,!'1151 U,UJfZO 
LV 0.41347 ll.hTw23 l,.w337 
NV 1.66022 LS. 07389 

U,UlYSl 
6,12,65 U,U/54/ 

EP O.POQr)l) i1,L7224 0, UC~UOO u,uuuuu 
EH 0.9001)0 0,~)0090 C,lV4h8 u.uuuuu 

ER RR 
O,lS9 -0.442 
0,105 0,000 

LR 
0,OSJ 
0,oso 

NXT 
o.oon 
0.190 

elk NP 
0.187 -0,442 
O,cJPd 0,000 

LR 
0.03s 
0.050 

N2T 
0,000 
0,100 

oY95 
NR 

0:oofl 
no.442 

0.000 

OLI133 
0:oso 

NZT 
0,000 
0.100 

Fig.8 b 



PAUORAfl bl JULY 19t3 DWCN ROLL ANAl,VllS COR rut.1 8CALt AIRCRAFT 

A.J.SUSI AIRO. RlrlBLhG. PRO0 AZBD 

OI(At 11407 WNT. DCIIUHSTWATIUN HUN 

e IAW 
:“:K”’ 

DELTA T 
lU.d~OO ( U.lJOO 

~dlTI41 110 OF PARAtiEttRS = 13 fi?dAb NO m 1, 

IMIrlAl ITRN. l 1 1TRN. IMXIIIUH * I 

SCALING OF 
BETA R 

u.20 0.20 

vo PU 10 LV NV EP WI 
V4RI. *lO.lTh 0.340 -0.1as W,lOU U*W* -a,dt2 t:pl 

0: OS0 
-O.ML 

DElT4 1,000 0,100 O.O?O u,uus u,w> 0,100 0.030 

LP EBbTA CAY LX4 NXI LR 
uqn1. -0.331 0,UOD 0.031 yv u,l23 "U,UbO 0,uoo o.oss 
DE114 O.D15 a, 005 O.UO5 o,u50 U,lUU 0,100 0.050 

RUN ON 2blU9tt4 

c 

NP YP VK VXl Y'/T UT NLT 
VARI. 0.000 v,uoo 0,oon l~.UUO u,uuu 0,uoo 0.0~0 
DELI4 0.050 0,lUO 0,100 iJ.lOU U*lUU 0.100 0.1m 

, 

sIbl(FI " 0.1054 DEGREES Or FAEEDUtl . 151 

vo PU RU LV NV LP ER NR 
VARI. -5,049 0,359 -O.l?O vJ.uL1tl 

0,967 
U,UY4 -T,TO? 0.153 -0.264 

DLL74 U.U44 0,006 .I,UO5 U,UUl 0,490 0.086 0.028 

1P EBETA PAY YV LAI NXl LR 
‘IARI. -0,263 0,147 -J.UOZ -rt,dL3 -u,usu 0,uoo Q.OS3 
DE114 0.010 O,U83 D.Ul7 U,Ubil U,UlL O.UOO O.OOQ 

NP VP VR VXl V41 LLT N2f 
VARI. o.ono J,UUO u.uoo u.uuo u,uulJ o.uoo O.OQO 
DtLlA O.il"O o.uoo u.uoo I,.UOO u.uuu 0,uoo 0.000 

glGt14 . 0.0905 DEGREES OF PllEFDc)lq . 147 

VII P 1) 43 1V NV EP ER 1) 
VARI. -5.606 b.554 -0.172 l o*u117 U,UYJ -a,459 0.165 -0.272 
ItELl 0.626 0.034 0.005 J.UU3 U,UUl 0.462 0.0?5 6.023 

LP EQLTA EAY YV lhl NXl CR 
VARI. -1).261 cl.143 -O.UM l \I , LO4 -u,uI* o.uoo 0.03s 
DLL14 0.012 U.U?ii 0,015 u.J54 II, vu', n,uoo 0,oon 

14 v v I' VII Y*l VLI 111 H1T 
VARI. 0, iJ(‘0 II, U’)O u, U(‘J I  l crno u,uuu O,U?O u.000 
“8 I  TA .? ,r,n I ,  4,111’ n nnn IIon , I  0,111 n cmn n nnn 

Fig.8 c 
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SICYA a 0.0909 DEGREES OF FREEDOM m 147 

c 
vo 

VARI. n5.647 
OECTd 0,828 

LP 
VARI. ~0,262 
DELTA 0,012 

NP 
VARI. 0,000 
OELTn, 0,000 

OPSS5 
0: 054 

RO 
~0,171 

0,005 

EBETA @AY 
0,146 -0,006 
o,U72 0,015 

YP 
0,000 
0,uoo 

oylloo 
0:oao 

1v 
~O,UtJ7 

u.uo3 

YV 
~U,C06 

0,056 

YXI 
u,uoo 
u,uoo 

SIGHA< - 0.0909 DCGR&ES OP FREEDOM l 147 

NV 
U,UY5 
U,Wl 

LXI 
W,U55 

U,UUY 

YIT 
u,uuu 
U,UUU 

CHANGES FOR FOLLOWING PARAMETERB ALL SHALL 
vo RO LV NV 

VARI. ~5,642 O'L5 -0.171 mO.087 u,w5 
DELTA 0.828 0:034 0,005 U,UO3 U~UUI 

LP EBltTA EAY YV Llrl 
VARI. 10,261 0,146 n0.006 "U,LOb .u,u>5 
OELTA 0.012 O,U72 0,015 0,056 U,UUY 

VP YXI YCT 
VARI. oNi 0,uoo oY~oo u,uoo u,uuu 
DELTA, 0: 000 0,uoo 0:ooo u,ooo U,UUU 

TtSCCS) w Q XI &ETA 

PHI 

1.700 21.23 
165.99 

1,800 21.08 
-64.78 

1,900 22.54 
-64.87 

L.000 27.12 
-66.17 

2.100 29.09 
-68.55 

2.200 31.58 
-70.97 

L.5OU 31.58 
-73.54 

L.400 31.58 
-75.59 

BETA P K JY 

0,lO 0.00 u,ou 
0,45 9.75 dl,lO -0,uYl 

0,lO 0.00 U.OU 
I,34 -2.75 -Y.ll *0,1e1 

0,lO 0.00 u.00 
I,94 -15.81 -0,1$ -0,1y4 

0,lO 0.00 u,ou 
2,18 -26,SC -&.8:, -O,IU? 

0,lO 0,uc u.ou 
2105 -33.30 0.2s -0,14u 

0,lO 0.06 u.ou 
1,61 -35.24 L.66 -0.0~2 

0.10 0.00 u.uu 
9,36 -32.24 4.0/ -0,004 

0,lO 0.00 u.00 
0.21 -25.llA 4.35 o.ur1 

EP 
-8,437 

0,460 

NXI 
0,uoo 
0,000 

LZT 
0,000 
0,uoo 

EP 
nR,456 

0,460 

NXI 
01000 
0,uoo 

LZT 
0,000 
0,uoo 

0'743 
NR 

0:075 
~0.271 

0.02s 

0% 
0:ooo 

NZT 
0,000 
0,000 

O"r"42 *UN:72 
0:07s 0:023 

OLi33 
0: 000 

NZT 

X8 I 

REETA RP RR RIIY 

u,ooz -0,205 0,097 *O,OZS 

mu,039 0,244 0.234 ~0,911 

u.007 0,024 0,180 -0.001 

ru,oZti 0,216 ~0,155 0,001 

ru,017 mo,134 0,120 *O,OlU 

au.064 -0,207 0,040 nOi 

ru,O4U 0,027 0,041 rO.OOU 

u fiLlI a.onb no.015 0.023 
. 

Fig.8 d 



L,50U 30.27 
-76,?7 

2.600 SO,92 
-76.88 

L.700 29.09 
-75.86 

2.600 29.09 
-73.92 

L,PQO 29.09 
*?I,35 

5,000 27.78 
-68.54 

5.100 27.12 
-65.84 

J.LOO 24.50 
-63.52 

3.500 24.50 
-61.77 

3,400 25,16 
-60,69 

3.500 25.81 
-60.24 

5,600 26,47 
~60.24 

5.700 26.47 
-60.52 

5.tlOU 25816 
-60.85 

5,voo 26,4? 
-61,04 

4.000 24,50 
-60.93 

4.1OO 24.50 
-60.42 

4.200 23.19 
"59.46 

4.500 21.88 
-58.11 

4.400 20.71 
-56.47 

4.500 21.88 
*54,66 

4,600 21.88 
-S2.60 

0,lO 0.00 
-0.45 -15.16 

0.10 -0.00 
-0,9B -3,75 

0,lO -0.00 
-1.27 6.02 

0.10 ~0.00 
-I,32 14.69 

0.10 ~0.00 
-Is14 19.04 

0,lO 'no.00 
-0,7R 19.68 

0,lO no,00 
-0132 17.01 

0110 -0,Ol 
0115 12.22 

0,lO -0.00 
0.57 5.69 

0,lO r0.00 
0,8? -1.04 

0,lO mo.01 
I,02 -6.40 

0.10 -0.01 
1,Ol -10.24 

0.10 -0.01 
0,85 -11.97 

0,lQ -0,Ol 
O,W -11.29 

0,lO -0,oo 
O,ZU n9.10 

0,lU -0.00 
-0,os -5.48 

0.10 -O.VO 
go,30 -1 .I1 

0.10 *U.OO 
-0,47 S.lfl 

0.10 -0.00 
no,54 6.74 

0,lO -0.09 
-0,Sl 9.05 

0,lO -o.on 
-0,38 9.84 

0,1n -0.00 
-0.19 9.12 

u,ou 
$,5? O,lJi? 

u.ou 
I.98 0,1/o 

u.00 
mu.07 0,177 

u.ou 
-L.ZU O,lM 

u.ou 
"3.04 0,117 

u.ou 
-S.3$ O,Ub? 

u.ou 
-$.9L 0,Ulb 

U.OU 
-3.76 “O,llZ6 

u.ou 
"2.01 -o,ue1 

u,ou 
"$,W ~O,U?? 

U.UU 
CL.J:, mo,ur5 

u.091 0,Ott ~0,019 O’aOob 

u.017 10,256 rO.054 rO1012 

u,Oll ~0,023 0,074 -0,003 

u.034 0,273 0,027 0.012 

~,038 0,087 r0,OlJ 0,011 

n u,O24 -0,052 10,082 0.W' 

~,02V 0,061 l 0,162 0.014 

nU,OJI 0‘010 -0,094 0.012 

a!,036 -0,118 -0,055 O.OOP 

9u.006 no.221 r0.104 -O,OOU 

au,005 -0,113 no,103 ~0,005 

-u,04ll 0,011 0,023 +,OOb 

u.004 O,l44 0,140 no.001 

U,OU? 0,154 0.157 ~0,012 

u,onv -0,094 0,106 -0.004 

mu,Ol!a 0,003 0.151 d,OOb 

lU,O53 0,031 0,1?4 ~0.007 

u,ooS 0,096 0,128 no.004 

u.014 0,011 0,041 -0,001 

u,O4V -U,O62 -0,055 0.003 

u.056 -O.lnr, ~0.062 0.003 

Fig.8 e 



. 

4.100 23.85 
-51.19 

0,lO 
0,03 

*O,OO 
7.11 

u.ou 
ma.46 0,UUb 

41uoo 25.16 
*49,79 

0,lO 
0.25 

-0.00 
3.08 

u.ou 
-s,21 mo,u14 

4.900 25.81 
-48.72 

0,lO 
0,43 

-0.00 
0.71 

u.ou 
-L,I)Y -o,uir, 

5,000 25.81 0,lO -0.00 u.ou 
*47,95 0,54 ~2.24 ‘d.Od -0,ULu 

0,lO 
0.57 

-0.00 
-4.55 

u,ou 
-l.su -0,ug4 

0,lO -0.01 u.ou 
0052 -5.57 '-U,bb "O,Ull 

3.300 25.81 0,lO -0,Ol u,ou 
-46.81 0142 '14,119 -0,zu 0,UUl 

5,400 25.16 
146.40 

0.10 
o,z9 

0110 
0,14 

0,lO 
0,Ol 

0,lO 
-0109 

-0.01 0.00 
,@-J,75 u,Ob 0,UlU 

-0.01 
*2,01 

u.uu 
U.OY 0,UJZ 

r0.01 u.uu 
0.M .'-'.l'J o,Ultb 

5.700 20.71 
-44.05 

-0.01 u,ou 
2.53 "U.4J o,u45 

u.011 -0,283 mO.OJ2 0.001 

U,OlZ -0,152 mO.067 0.004 

U,OOT 0,012 r0,080 0.002 

di.015 0,078 -0,996 0,002 

~0,035 0,233 no.061 O.OOI 

u.017 0,182 ~0,095 0.00~1 

u.037 0,114 no.072 o.oov 

u,O3? 0,038 rO,Obb l 0,OOu 

u,oso -0,097 m0.055 0.004 

U.017 -0,073 ~0,064 r0.007 

-U,OOP o,os9 e0.102 0.005 

40 JUT OF 42 POINTS ACCEPTED DEOREtIS UP C;NEl!OOI4 lb0 

RYS SENBITIVITY MATRIX 

BETA P 

VU 0,14U19 I.99360 
PO 0.03689 2172696 
RU 0.81872 12.97960 
LV 0.44306 12,17920 

irr ;A;;;; . 27.48627 8.45648 
EA 0.00000 o;uooou 
NR 0.31919 

oI32021 
4.75694 

C&A 
0;6476') 

0.14570 o,uoooo 
CAY 0,0~000 0.00000 
YV O.OR312 I,20519 
LX1 0.03022 2,01573 

R AT 

0,54>00 0,u141s 
0,14a17 U,VVYlf 
2,87ul/, UIUPU>l 
I,49413 
6,74')60 

U,U)J37 

o,uouuo 
U,JOU51 

U,l4LZO 
u,uuuuu 
u,uuuuu 

1,22/2-l u,u#Lle 
1,10t44 0, U3UUl 
o,oouoo u,uuuuu 
0,J0000 U,'.'UbUl 
U,30030 U,USbUL) 
'J,lOJ61 U,UULTY 

F ig.8 f 
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Fig.9a Computed and recorded sideslip angle (interim result) 
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Fig.9b Computed and recorded roll rate (interim reSdt) 
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Fig.Sc Computed and recorded yaw rate (interim result) 
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Fig.9d Computed and recorded lateral acceleration (interim result) 



7 I I I I 1 
1 2 3 4 5 6 

TIME 

GNRT 11407 CONT. 

Fig.lOa Computed and recorded sideslip angle (final result) 
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Fig.lOb Computed and recorded roll rate (final result) 

GNRT 11407 CONT. 
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GNRT 11407 CONT. 

Fig.lOc Computed and recorded yaw rate (final result) 



GNRT 11407 CONT. 

Fig.lOd Computed and recorded lateral acceleration (final result) 
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