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INI'RODUGTION AND SUMMARY

Thia report includes a method of celculating alreraft
Tesponas by & atep by step time solution. The 704 digital
gomputer facilitetes the determination of ineremental respcunse
during extremsly smell time incremsents and hence the usuel ipw
acouracy dus to employing relatively large time increments, is
eliminated,

The report alsc includea & method of determining , dampsr
engaged condlition, effectlve aslrcraft derivatives which may
alternstively be describsd as synthetic serodynamie derivativea,
sinoce demper eystom aerodynamic outputs are clasgsified according
to which particular aireraft responde promoted the input and
then summed with the patural eircraft derivativea, A typical but

aimplified example of thia, 18 &n aireraft responss p which promotes

a proportional signel to the differeptiel servoe producing a
proportional eileron pure rolling moment oputput in phese with pe

A ﬁﬂ$ htis been oreated and this may be edded to ths natursl eircraft

Clp to form an effsctive or synthetie merodynamie éip .

The msthod alen ineludes dstermination of the contrel derivatives
&nd thias yields valuea of the natural aircraft derivativea subaegquent

to the evalustion of the effastive derivatives,

It 1s thought thet the framing of the damper sngeged condition
equations of motion inte & notation analogous to the free aireraft
squations of motion expressed ip familiar aercdynamic notation
faeilitates & guick cleer physical interpretation of the functione
of the dampsr ayatem as Tegards aircraft response,

The paxallel serve output is proportional to the intsgration
with respect to time of the arror betwoen command end reaponss, As
command 1s arbitrary a numerical step by step time golution was
prefferad to & Laplece transformstion, utilisation of whieh, would
nesessitate in many instances an approxirats tranaform of the
arbitrary commend, the approach to which would vary sccording to
thes c¢ircumstances,

DEVELOPEMENT OF THE S5COFE OF THE DIGITAL TIME RESPONSE SOLUTION

Having embarked on analysis of time sclutions of the response

of the &ireraft rather then restricting analyeis to linear equetions
of motion with zoro flying control foreing functions, 1t 1s no longsr

necessary to restrict the analysis to emall motions, nor is it
necassary for the longitudinal and laterel motlons to be uncouplad.
Vaution must be applisd i 1t 13 suspscted thut sircraft reaponae
frequency approachses that of the ssrvo-mechaniam systam,
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ADVANTAGES OF DIGITAL SCLUTICH

Once the response programmes heve been proven chences of any
error in the analysis are remote and time to solution ueing exaoct
aerodynemic derivatives rather than "simulator® aerodynemic
derivatives may well compare favourably with the analogue computer
facility. In any event & very poasitive check is possidle. Chunges
in servo-mechanism gains are also easily incorporeted ip the digitsl
progremme. Extropolstion to other flight conditione is en essy
matter.
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Sa output from parallel servo due to P,p is assumed of
the form Sa= [(K} P - K, p) at

%a output from differential servo due to P,p is assumed
of the form Sa= Ki P- K p

Therefore totel §a from P,p is J(Ka P-K, p) 4t + x; P-Kq p

where K4, K'4' K5 KB are constants for any given flight case
’

and negative in value.
Forcing side force along OY axis due to P,p

is A.Cyp P

t
sP Vm

[
< & Y5 j(K; P-K, p) at+K
Ls =g

where A.Cyp pP= -xb (}y“i .':_V_

Foreing rolling moment due to P,p
ts)ACy_bv.p o &

P (K3 P, p ) at + Ky P |puk®x

Vi 1

X

where £, C1 P~ - K5 Y, .'bﬂ




'I//" . b
oo

M TENit

=

i
2
(¥
(=]

FIGFKGI'N'G MAMIKGE MomENT DUE TR ?J P

b AC b 4G | 06
nl.e":_ ‘_',LJ
2V

k]

(%, P~ 'r<::.|.=u:+1< J m'r{"‘z

WHERE E‘L._QF - _KE(:..&

’
fr QuTPYT FloM DFFERENMTIAL SERVO DUE T g;_b '“'r“'n{"!f‘ L
Gy 1€ hRTumeEn of THE FoRwn

Lol o ( = ™
4y = Tigea * I'{T Th.ablT,j_,.KEa

wWHERE T a TPE ACcELEAATIEN MESTURED Y THE TRANSVEASE

-
ACosiERoMETER AdD FT—-OQIT; IT CTRE AW ARTE MERCIARD
By ThE TOTED GiRo

& B R CasTTANT FaR SHY GIYEM FuehT CASE AHD PetmrivE
Ied RhouE

g
&
i

W T Nek
! fl [
¢ = KorKe !K"’:K“&-Q;‘;L =-__SST dk

,_' KT "i’-—-ﬂf_-,|g
Ry oKy #Y 1 K, =K K e stHu:

Tlemo9) TErep

i
H

0
i




REPORT No _71/Stebh/9

m AVRO AIRCRAFT LIMITED 5
a2

MALTON - ONTARIO SHEET No

TECHNICAL DEPARTMENT

AIRCRAFT

PREPARED BY DATE
M.V, Jenkins Nov, 195",
CHECKED BY DATE

FOmM 13194

Foreing side force along OY axis due to $a, (r - .061p), ey

is ACYSE f(xz P-K,p) dt+Ky P Acyr .r
2 i
A,_Cyp -P+ Gyay.ay o
A

where ACy =K ¢y . Acy =
& H V=2V . Cy
%a &r Ty Sr %7
3 0y =k
» a 8 Cy

Alepz - (Kg Kg+ 061 kK, ) 2V .Cy
b §
y &r

T

Forcing rolling moment due to Sa, (r - «061p)m ly is

Acr (K
P=-K dt + X'
58 4 4 P) 5T

Lk
x
Ach «b A
r o T+B0Y b o ¢ 2
+ - 2V + L P P+ 1ﬂy .ny mK g
x Ly
i

X

whereACl =K. a1 ;Ac1 =k
sa O g ' r 70181‘ .-EI

ACI:-K
25 (5K5+.oel Kz )2 .01 ;60 =g L
) a, 8

br ¥ 61'
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Forcing yawing moment due to $a, (r - .08lp), ay is

Acns‘ J(K' Pk 0] aL+E! P

4
iz
+A0nr T up AlcanE-P Cng  .a
— 7 AR

iz

where Acn = Ks Cn ;Acn =K .2V .Cn
Sa Py r 7

LI,

Az"“,,* -(l(6 Ky + .061K, )€! . Cn

r

§r

Cn‘ = Ke Gn5
y r
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e prinsiple of the time salution of the lataral
pquatiens of motiam may be gean by the step by etep eoluticn
of the rollewins Aiffersntlal sqguatial.

r-t

ax +b ;:+u xeE H{'I-KI}dt-I

Lo b
whera &, b and ¢ uTe comstécts nd X 18 the oommand réats of
diaplacament.

Thne velues of the yoriables are atudled ot suycoaselve
gopatant time intervale of fite 8 h. The notatlon used e
domonotrated by the followiog ezample,

%y +h 18 the valus af £ at time 1. 3 4% quitiplied by Bt
. 2

The ipitial conditionn ut -0 Hre T=TeX=g

The rfolloming Lo the sequence of stepe téken for aolutlon

%, = o+ hox,

%o Reb X

I,® ,";i‘[xli_ Xt L )b~ Kr{ux-.‘f':‘k}-%

x};- I*i-b -l'i-cxkp

B

8

L3 -
e X +20x
X, . I‘-fhtiu‘rill

I- % KL 2Lt K. (L - 5} -k, EREN h]]

a
:[‘;Il-hx - X,
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«s+ continued...

ek { 2 10k (k) B = K leny)

gflm-bx&-cxm

a
X,:x+2hxy

L .
x,+ x+h (x+x, )

e L] . .
I % {2 LK, (X+ X) B - K, (x+X,)

.o °

K-I,_-bx

< [

x,

etc.
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INCREMENTAL AILERON AND RUDDER MOVEMENTS

WITH LATERAL DAMPER ENGAGED

(354 tst
Sa = x;fp.ae -x4jp. at + K; P-Xgp
tro t o

br= Kg.ba + K_.r - 061 K.p

+E - E;f;( T-p ql.V - ¢.g cos ¢l cos/a‘cos®

V.d/dq-r. 008 dl v
dat

+ Kq.gmc‘ + K R

For pernimons see Pace 12, K, K, Are FuncTioNs OF TiMe

FO®M 1304
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DETEZMINATION Ck DREZTVATIVES WITd LETRAL DAMFRG BHGAGRS
With tne above in mimd the side foree equation 15 more

conveniontly expressmd as follows,

2 g s = . w.(\§|

'_Jl.l'r?‘} Sy _lI:J "‘—_I _‘1._(;\-:1_ ‘—_'l_" B L _JI_O-
Eh e Hipdy W Y |_ .LTI
{5 g ; lr
= &L i‘[:_\-_ 'l'll-/"\- A li._ '- 'CIU-__TK..-- I.'r<\. HC*-.-
S | Jk !
27 |- %

Let it be suppouscs that the abave efaitlion exactly expresdss

*he ghde force equabicn and tnat ohysical w=asurermunts re Lo

avcurate,

e i B e

The unxaownsin the equatizm are, I‘—‘:,_.. 3 \-\:T_ P, L_.r R
How 17 tae voluss of the variables 3, !:::., : )‘r;:u s

are suopled siwaltenscazly st five dilferenl. times, L. tE'

frys t|I . L_S and the values are sukstitutied inlo the aide force
ation to Jorm e Gy [0x o - o
eqpation to form egn g w e w-t.. B
1y & 3 o .5
simulianesas solutlen of thase ciuatisns will yhleltd walues ol
TR L N L T .
. '{. L x__-.-r. - \._\.1_ . 'H_.-'.___ s s

Heerever in practige phyoizsl measusements: are not 1O0E
zaegrete,  Fence zomeé of Lhe aleresprotimed derivatives weuld
be evslusted with doobtlal ascuracy. This sltustion may e
rewedied by the formation of additional cases.

It iz intended tho% im wany cazes flipht recordime frequency
will be 23 walus: per second. However if the damper is engeged
agd the impulse commsned sippal 1o geiclkdy reduced o a copclant
zera valne, the varlables will appreach stendy values about 0.3
ceconds alter the dndtial iwpalse compand =ignal, Lence fa mengy
aased 1% 1s only possible to sample the welnes al K dlstipet time:s
whara K< C.5/.0%, Hence the wmbor of @guations 1= restricted ta

b tu_' Zne by e = Frt. t? whers {tE-‘L_l} = {tj - tz}

& I:tg-, - tj 1 etz. a 0,05 ssconds,
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Az time incresses from the instsnce of the initis}l impules
command aignal, the veriation inm the wvelges of the verlablas
becomes less s the compand signel approeches & constent value.
Honce if i% la deeided %o Torm 10 sets of 0 eguetions it 1s
adventagsous to utilize combimetiona of Equ. ty —=——=—--= #gn, t -

to the maximum. Equatlon tg Is used to form an edditicnel four

gkgsa, Blthough more are poasible, It 15 thousht that inoressed
acourecy will not bhe ettalned by more cases.

Hapos the formstion of the Tollowing aslectsd cessa OD the
next pagal-

=

Pl 10
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CASE 1 Equs, t; , t, .4,
" 2 L t21t3,t4
-
-
. 10 %t
L] 4 [ ] t
1 o tz.t4
" 5 " t
15 %, ¢,
- L]
6 b1ty b
L L]
7 tl" tz‘ts
" 8 -
tasts,t4
L L]
. tl“s't‘,
L ] 10 - t1~, ta‘t‘

AN nz (€7 ), +(Ga),
Cyp= 1/ nE(Cyp )1+ (Cy, ),

etc, where n élo and n

FoRM

1 ts N tG L] ( - L
) t5 5 ts [] ( - "
) t5 5 tﬁ “« (. "

’ts‘t"n(n "

.‘---.-----.-.O—- + (Cyp)n

e e e meew 4= (Cy

P)n

Oyr 2 Cy_ * Cy
or
- - L}
L] L] L
L] L ] L]
L] L] -
L] - -
L - -
- - L]
L ] " L ]
L L] L

is the number of cases formed.
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The same progess may be aAppllsd to 1he rallipg snd
yawing eguatinnd.

Elmllerly

:;'1'{’; 1/ (l tﬁﬁ S ﬁﬁ ¥ -—-—--—----ﬂ:'lﬁl,
'ﬂp"" /n E{ G_lpi'l * l“'lp )t --h-+---~——--.-+:ﬁp by
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