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INTRODUCTION ~*

This report includes & method of calculetions aircraft
longitudinal response by & step-by-step time solution. The
704 digital computer facilitatss the determination of incrementel
responss during sxtremely small tims increments end hence the
usual inaccuracy due to employing rslatively lerge time incrememnts
is eliminated.

The report elso includes e method of determining, damper
engaged condition, effective aircreft derivaetives which may
alternativoly be described as synthstic aerodynemic derivativss
sincs dampsr system esrodynamic outputs are classified according
to which particular aircraft responss promoted the input and then
summed with ths naturel eaircraft derivetive, A typical but simplified
exampls of this, is an eircraft rssponse q which promotes &
proportional signal to the differentiel servo-producing a proportional
elevetor pitching momsnt and 1ift output in phase with q. A ACmq and

Acz_ nave besn creeted end these may be addsd to the natural eircreft
Cmq and Czq respectively to form effective or eynthetic aerodynamic
derivativee Cmq and C;-

The method also includes determination of the control derivatives
end this ylelds veluee of the netural aircraft derivatives subsequent
to the evaluation of the effective derivatives.

It is thought thet the framing of the damper engaged condition
equations of motion into & notation analogous to the free eircrgft
equatione of motion expressed in familiar eserodynamic notation
facilitatee a quick clear physicél interpretation of the functions
of the damper eystem as regards aircrafrt response,

The pareilel servo output is proportional to the integretion
with respect to time of the error between mormal acceleration
command and response and this ie additionsl to the output proportional
to the integration with respect to time of g: however, it is the
former contribution tc which the following remerks apply. As commuid
normal ecceleration is erbitrery, a numerical step-by-step time
solution wae preferred to e Laplace trensformation, utilieation o°
which, would necessitate an approximate vransform of the arbitrary
command, the approach %c which would vary according to the
sircumstancee.
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The principle of the gtep by step time sclution of
airgraft response to an arblirery commend signal is discusaed
in reference 1, It 1s copsidered unnecessary to discuss the
obvious epplliecabllity of the method to lonegltudinal response %o
an arbitrary normel accelerstlion commeEnd,
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DISCUSSICN

It is 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 derivstive for any given flight case is a constant
and the main reason for repititious determination is
inacouracy in physical measurement; the reason for

the suggasted restriction to 10 evaluations 1s the
natural boundary of the rapid highly damped response
to the new steady state demanded by a constant
incremental oommand signal,

However, there may well bs an advantage in introducing

a nid-point linear interpolation digital computer

‘ sub-routine to effectively double the sampling
frequency of the values of the response variables.

For a given number of solutions, the additionul records

occurring immediately after ths impulse when the

response variables are varying the most will more

than offse~t the inaccuracy of linear interpolation,

especially in the case of the rotary derivstives.
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So = KogC‘/dJ:. WHERE \<°= K:'\' KZ
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K=Ky K0 (s, de

- fq®
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Forcing pitching moment due to q is :

ACZ q
=g ¢
M, + :8 xojq « dt [} Vm

lhenACzq' czs .la . _g.:'

Yorcing pitching moment due to q is¢

ACm +q Cm
4 ,‘,.__rs. Ko q . 4t nlzy
aTKYy YR

where A‘Cmqs Cm . Ky o 2V

$ =
°

Soutput from the parallel servo due to n is sssumed
of ths form:

S:xljn . a

Soutput from the parallel servo due to inoremental N
command signal is of the form

&= «Kl'j F.dt

where K_, K; » are constant for any given flight case and are
positive in value.
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DETERMINATION OF DERIVATIVES WITH PITCH DAMPER ENGAGED

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

o O e el T e s A
e o 3(/ e

. (\\q/%—Kﬂ-K [\Ddt K N 5N LT
= B

Let it be supposed that the above equation exactly expresses
the side force equation and that physical measurements are 100%
accurates also that:gl is known and very small.
o

The unknowns in the equation are, CEO( . 07, Cz » CZS
o q

Now if the values of the variables & , & , Q» 4, T ’I‘i are
sampled simultaneously at four different times, t1’ tz. t3, tu

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

OZt ’ OZt ’ OZtB- Oztu : simultaneous solution of these equations
1 2

will yield values of C; C;. Cz_, Cz
b Rt R

However in practice physical measurements are not 100%
accurate. Hence some of the afore-mentioned derivatives would
be evaluated with doubtful accuracy. ihis 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. ty» Eqne tpe—-ooooee- Eqn. tg

As time increases from the instance of the initial impulse command
signal, the variation in the values of the response variables will

! where (tj - t1 = (tﬁ— t‘g) % (T‘b o t3) etc. = 0,05 sec.
|
|
| become less,




- meroRT No._71/Stab/10
W AVRO AIRCRALET LIMITED

MILTON ONTARID SHEET No 12.
___ TECHNICAL DEPARTMENT o —
ATHCRr-
l E.¥. Jenkins X
L CHECKED BY CATE

sses continued...,

Hence if it ia decided to form 10 ssts of 4 sguatijoma, it is
sdvantegecus to utilise combinaticms of Egmo. t'l -==--Eqn, ‘5 s to

the mexizum, ZEquation i, is used to forz en edditionsl four cases,
zlthough mors are possibls. lentatively it is thought that inpcressed
accuracy will not be ettained dy more cases.

Henoe the formation of the following selsected cesea on the
next pags:

oome A
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CASE 1 t,, t, t3, t ,— (Cz of Cz o Cz ng )1
2 t2’ t3, tL’ t5’ n ( n n " " )2
3 tl’ t3, tlo, ts, L G " " " )3
4 tl’ tz, tL, ts, " (v n u n )4
g5 tl’ tz, tj’ ts, " (n " I "oy .
6 tl, t2’ t3, t6, ] (n " " uoy ¢
74 1? tz, t&’ 1:6, M 1 " ") ;
8 tl’ t3’ tk’ 1;6’ no (o " " noy .
9 t2’ t3, tl,’ té’ 1 (n n " no) 5
10 tl, t2’ t5, té’ " (n I I "oy %
|
l ad - - -
Cz =1 Cz ) +(Cz.) +— — — — — — — —=
z 2q /n E( ’zq)l + (Czo()2 + +(CZ(X) ]
= = C” . T e e e e =
Cz Y l/n E( 2 d)l-t» (Cz 6()2* +(Czd)n

etc. where n <10 and n 1s the number of cases formed.
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The same process uay be applied to the pitching memsnt
equation.
Similarly
Cny=1/n X(Cx‘x_x ), + S IR SE RREEE D +(c;:
qQ o /1 of 2 al,
Cm -« =1/n E—(Cr-n- HAE o e o Chie
o aly q )2+ —+(Cm q!

et.c. where n <10 and n is the number of cases formed.

The solution of the two longitudinel equations of motion yields
the values of Cz¢ , Cmg. From these values and the evaluation of
the effective derivatives Cmq ’ vm.q etc., the values of the free

aircraft derivatives Umy , Cme nay be determined. Now if the guins

of the servo-mechanism system are altered, new values of the effective
derivatives may be evaluated and the consequent response of the aircreft
to an arbitrary commund signal, can be calculated by the aufore-mentioned
step by step method of response determination.
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The follcwins copclusions may Be consider=d to be in
additicn to those iZatl are obvicus, appearing in
the Intreduction,

Develosmeng of the scope of ihe dipitsl time respopge sclutiop

Having embarked on snalyais of tim~ solutions of

the response of the sireraft rather than reatricting
wnaly=is to ldnear s~quations of motion with zero

flying control forcing functions, it 1s no longer
necessary to restrict the analysis to =malii mctions,

nor is it necessary for the longitudinal and lsteral
motions to be uncoupled. Cautlion must be applied (f it
is suspecied thst aireraft response frequency approaches
that of ihe servo-m=chanism szyatenm,

Advantases of dirital solgtics

Once ths response prorrammes have besn proven

vhances of any error in Lhe analysis wre remote wnd

t4ne to solution using exuct serodynamic derivatives

rather than "simulstor" aerodynamic derivatives may

well conpare favoursbly with the Anulopue Computer

facility. In any event a very positive ch=ck is possible,
Changes in servo-zechanism pains gre alsc easily incorpor -d
in the dirfital procramse, Extrapoletion to other flisht
conditions 19 ar =asy matter,

Jnportence of ‘Pussy Ruga*

The theory underlying the digital analysis has been given

in this repart; howsver the surssstion of 10 canes 18
tentative and in the "Discussion’ there ie = sugpeation

for effectively biasing the evaluated average towards ihe
earlisr solutions wvhen the response variables are varying
the most, It is clear an sttempt should be made 1o 'svaluate!
from theorstical response records, Aerivatives of imown value
which gererates the Tespopses. This is far from a complete
sinulation of the rathod applie? %0 flicht results sirces the
inevitable insdduracy of physical nessuresent is not
encounterad, [owsser, the sexercise may well plve muidance
as ta the charaoter of the corand sirnel sfifeh w11l conrimm
the vulue nf o uriiouler derizative,

Contt rued
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Futhermore although an attempt has besn 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
programme,






