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INTRODUCTION 

This report includes a method of calculations aircraft 
longitudinal response by a step-by-step time solution. The 
704 digital computer facilitates the determination of incremental 
response during extremely small time increments and hence the 
usual inaccuracy due to employing relatively large time increments 
is eliminated. 

The report also includes a method of determining, damper 
engaged condition, effective aircraft derivatives which may 
alternatively be described as synthetic aerodynamic derivatives 
since damper system aerodynamic outputs are classified according 
to which particular aircraft response promoted the input and then 
summed with the natural aircraft derivative. A typical but simplified 
example of this, is an aircraft response q. which promotes a 
proportional signal to the differential servo-producing a proportional 
elevator pitching moment and lift output in phase with q. A and 

have been created and these nay be added to the natural aircraft 
Cm^ and Cz^ respectively to form effective or synthetic aerodynamic 

derivatives Cm and Cz_ 

The method also includes determination of the control derivatives 
and this yields values of the natural aircraft derivatives subsequent 
to the evaluation of the effective derivatives. 

It is thought that the framing of the damper engaged condition 
equations of motion into a notation analogous to the free aircraft 
equations of motion expressed in familiar aerodynamic notation 
facilitates a quick clear physical interpretation of the functions 
of the damper system as regards aircraft response. 

The parallel servo output is proportional to the integration 
with respect to time of the error between normal acceleration 
command and response and this is additional to the output proportional 
to the integration with respect to time of qs however, it is the 
former contribution to which the following remarks apply» As command 
normal acceleration is arbitrary, a numerical step-by-step time 
solution was preferred to a Laplace transformation, utilisation o■ 
which, would necessitate an approximate transform of the arbitrary 
command, the approach to which would vary according to the 
circumstances. 
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....continued.... 

The principle of the step by step time solution of 
aircraft response to an arbitrary command signal is discussed 
in reference 1. It is considered unnecessary to discuss the 
obvious applicability of the method to longitudinal response to 
an arbitrary normal acceleration command. 
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DISCUSSION 

It Js suggested in the report that due to recording 
frequency in some instances being fixed at 20 values per 
second, that the number of useful times a derivative 
may be experimentally determined is approximately 10. 
The derivative for any given flight case is a constant 
and the main reason for repititious determination is 
inaccuracy in physical measurement} the reason for 
the suggested restriction to 10 evaluations is the 
natural boundary of the rapid highly damped response 
to the new steady state demanded by a constant 
incremental command signal. 

However, there may well be an advantage in introducing 
a nid-point linear interpolation digital computer 
sub-routine to effectively double the sampling a 
frequency of the values of the response variables. W 
For a given number of solutions, the additional records 
occurring immediately after the impulse when the 
response variables are varying the most will more 
than offset the inaccuracy of linear interpolation, 
especially in the case of the rotary derivatives. 

o 



VNIHERE. 



71/3tab/l0 

AVKO A /PCRAFT L/M/TFD 
«KLTON - ONTA 

TECHNICAL DEPARTMENT 

REPORT NO   

SHEET NO 5o 

Forcing pitching moment due to q is 

rLcz 
'q 

+ 
K q . dt Vrn 

Wher» CZg .Kg . JV 

Torclng pitching Bornant due to q lai 

[Acm . q Cac 
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where t\Cm^ Cm . . gY 
q ““5 * iv3 • 

0 

vs output from the parallel servo due to n is 
of the form: 

S = | n . dt 

S output from the parallel servo due to incremental N 
command signal is of the form 

S* -K 
I'I"- 

dt 

where t KJ , are constant for any given flight case and are 

positive in value. 
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With the above in mind the OZ equation is more conveniently 
expressed as follows. 

o.. çiNi L . ~crr . 
m V, 

a>( 
V 

Let it be supposed that the above equation exactly expresses 
the side force equation and that physical measurements are 100^ 
accurate « also that'll is known and very small. 

The unknowns in the equation are, ci0( Cz • Czc q h 

Now if the values of the variables C( , Q. , q■ q, n , are 

sampled simultaneously at four different times, t^. t2« t^. t^ 

and the values are substituted into the OZ equation to form eqn. 

OZ. , OZ , OZ , OZ : 
tl t2 b t4 

will yield values of 

simultaneous solution of these equations 

However in practice physical measurements are not 100$ 
accurate. Hence some of the afore-mentioned derivatives would 
be evaluated with doubtful accuracy. This situation may be 
remedied by the formation of additional cases. 

It is intended that in some instances flight recording 
frequency will be 20 values per second. Supposing the incremental 
normal command acceleration remains a constant, the response 
variables may well attain almost steady values within 0.5 seconds 
of the step input. Hence in many cases it is only useful to sample 
the values at N distinct times where N 0.5 / .05. Hence the 
number of equations is restricted to Eqn. t^, Eqn. tg Eqn. tg 

where (t3 - ^ ) = (t,- t?) - (t,+ - t3) etc. = o.o5 sec. 

As time increases from the instance of the initial impulse command 
signal, the variation in the values of the response variables will 
become less* 
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.... continued.... 

Hence if it is decided to form 10 sets of 4 equations, it is 
advantageous to utilise combinations of Eqn. t.  Eqn. t , to 

the maximum. Equation ttis used to form an additional four oases, 
although more are possible. Tentatively it is thought that increased 
accuracy will not be attained by more cases. 

Hence the formation of the following selected cases on the 
next page'. 
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CASE 1 t1, t2, t3> t4, Cz ^ Czq5C\)1 

2 t2> t3, t4, t5> 
Il II 

3 ti> s* S’ %. n ( " 

4 t4> " ( 

5 V S’ S’ S' 

II It 

Il II 

6 t1, t2, t3, t6, 

7 11’ s* S’ S’ 
8 S’ S’ S’ s* 
9 S’ S’ S’ S’ 

10 *1’ S’ S’ S’ 

% = ^ [(CVl " (oîo( 2 
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etc. where n ^ClO and n ie the number of cases formed. 
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The same process may be applied to the pitching mcmen 
equation 

Similarly 

etc. whore n ^10 and n is the number of cases formed. 

The solution of the two longitudinal equations of motion yields 
the values of Czs , Cmg . ïrom these values and the evaluation of 
the effective derivatives Crr.^ , im.^ etc., the values of the free 

aircraft derivatives ( Cm'^ may be determined. Now if the gains 

of the servo-mechanism system are altered, new values of the effectiv 
derivatives may be evaluated and the consequent response of the aircr 
to an arbitrary command signal, can be calculated by the afore-mentio 
step by step method of response determination. 
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CONCLUSIONS 

The following conclusions may be considered to be in 
addition to those that are obvious, appearing in 
the Introduction. 

Development of the scope of the dlvltal time response solution. 

Having embarked on analysis of time solutions of 
the response of the aircraft rather than restricting 
analysis to linear equations of motion with zero 
flyinr control forcing functions, it is no longer 
necessary to restrict the analysis to small motions, 
nor is it necessary for the longitudinal and J-ateral 
motions to be uncoupled. Caution must be applied if 
is suspected that aircraft response frequency approaches 
that of the servo-mechanism system. 

Advantages of d1 vita1 solution 

Once the response programmes have been proven 
chances of any error in the analysis are remote an 
time to solution using exact aerodynamic derivatives 
rather than "simulator" aerodynamic derivatives may 
vieil compare favourably with the Analogue Computer 
facility. In any event a very positive check is possible. 
Changes in servo-mechanism gains are also easily incorpor 
in the digital programme. Extrapolation to other Ilign 
conditions is ar. easy matter. 

Importance of"Dummy Runs" 

The theory underlying the digital analysis has been given 
in this report; however the suggestion of 10 cases is 
tentative and in the "Discussion" there is a suggestion 
for effectively biasing the evaluated average towards the 
earlier solutions when the response variables «re varying 
the most It is «n attempt should be made to 'evaluate 
from theoretical response records, derivatives of known value 
which generates the responses. This is far from a complete 
simulation of the method applied to flight results since the 
inevitable inadduracy of physical measurement is not 
encountered. However, the exerds- may well give guidance 
as to the character of the command signal Jti1 ch will conlirm 
the value o*' a particular derivative. 
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Futharmore although an attempt has been made to 
visualise practical difficulties, temporary 
practical snags might well be brought to light 
by a series of 'dummy runs', experience from 
which would ensure the smooth running of the 
prorramme. 

I 
! 

ro 

% u 

I 

o 




