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INTRODUCT LOH

This report gives the details of a method for
deteroinines the main lateral serodynamic
Aerdvatives from aralysis of lateral flight

nacillaticns, !

The nmethod may ve adapted to s Aizitsl

cocaoputer programce,

It 3s goasumed that the reader is fully conversant
with time vector analysis of cseillatory flight

which is deseribed in referances 2 an” 3,
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Fron the methed of vector analysis ceseribed in refersness
1, and 2, it &s known thet if the moculug and phase relationships
of the Aincremental variables ave xnown together with the dampins
and frequency of the oscillation, the main derivatives goverring
the characteristics of & short perioc oscillation may le determined,

Until the presemt tine §ll this Inforrziion bas come from the
neasuvesent of too tiniag and shPincage of cez< values om recordsd
traces, [llowever thds procedurr sulfers frus | ausber of disadvas-
tages:

1. - Tezk values only are ctilized

Ze = Tesk values are obtained b= visusl interpclsrion.

3. = i Insafficient rurker of Desks Surine Sers chérge "
3 equiiibriun speed. l

&, = Ixtersive man hours Teguirec for eonselienlicus |
mezsuresant. I

These disadvantages have been eliminated oy o digitcl comruter
cest fit curve process which digests every point fros whiten a sin-
useddul trace would be fomied.

The process 1% spplied to each incremestal varisble yinl.Eng
accurately the requirec relationships.

Frou tho above 1Y 33y be gathered that tho di-1%4l somrcier
best fit curve mrocess zakes nossitle 2 ~ore sccurate 4ice vectoe
snalyais, However from exparience of <ne —othod of time wector
analysis of Free Fi4p04 Madel resiits, thiz s not comsicens
desiraiie 33inly Deczuse of thwo eatenziva ora-tours |+ ulnd to M
speratle the aethod snd because an zltemrative methad  xiimed
below =iy De sald to have very largely =liminated hunss srTor,

In the tise vector nethod the conrlex rel;iioas sve of <is
iocresantal varizrles are exrressed fn poler SO oawui
i.trr.uvc is 10 exrress tiese conplex ~eliztionacdrs ir Sartesicr

miimate fore. Herce eath eguation of soticn ot e spiit ists
; rga. ATl B0 T LAy gl ard Yhe o “L;.,‘r o Py 7L I SE
‘unznown' values of neraé(-.._’xc Serivstives. TAs L3 cralsooss ‘:::
1he Lime yector ..m.'i,;sts. however the S=poriant tolst is *iat toe
Iinearised equaticns ol motion although expressod in m Fex rm

have been retainec in dipital notztior which zsy be wrniviistid by
a dipltal covutery
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This makes possible & 3tal cemeater rrosrésme.
The input is edited riqdit : A .‘b r;c:c:: Ling on Yape ent the
autrut is-evaluated. aerodvhenic darivatives,

Yisazd eommrelension of the dymanic Sotion Is the muirn advan=
tace of tke time veetor ciavrans, Tnis may be T tainad oy drauvin
ont -the solotions of the conrmuts= rrogramze in tize vector dizgrsn
form for selected £1i-ht cuses.

A1l ‘the madn snd auxilliary equatlons of motion sclved by the
computer pregranie are —iven n this perort. However ail the
doteils of the digitasl ecmruting vrograie are giver in'rel,
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Note on notation

411 symbols used in this report are those in

current use in Avro for a body axes system

unless desirmated otherwise in the text, The Avro
notation which in the main is that =ccepted by

N. &, C., A. is found in reference 1. This

reference also contains the derivation of the linear

equations of motion which form the basis of this

report,
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| Prior to the solution of the lateral equatlionsg of
f motion certaln relationships must be determined
‘ from the following measured values.
B Angle of sideslip
¢ Angle of Bank
| Py Rate of roll ‘
‘ E’t Roll acceleration i

vaw rate 1

I Ty

i ;"t yaw acceleration ‘

| :'1:5‘r transversal acceleration l

| q rate of pitch i
& Angle of incidence

()  angle of piten |

In the linearised equations all the incremental
variables are assumed of ithe form ‘

y = ﬂlexlt“ﬁzeﬁztcc‘s et + o)

A1 is the steady state value of the variable and Mt

I is the decay factor of the steady state value

A 1S the oscillatory increment modulus of which ef2t \
1s the decay factor 1
P

RS is the frequency of the oscillation in radians per sec,

o § phase displacement angle
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let Z be the complex relation hetween any incremente]l weriable
and 1ncramental/:\

ELNVPLAS
Zg !%%I— = Xgt |ya , Zelpl=9

WHERS Jﬁ 1S THE PeriE LERD ofF (p cma/%

o Tom|Bleals g mlglonle

= INigl T =
J_I‘ﬁf;fﬁdt__ Xsgt]4ng )Zwlﬁl =p

WHELRE P\‘f‘ 12 THE PHEASE LERD oF ?cu/s

Z}\q.>

,h@,! o NG N = n[@]aning
s LYY

W= Ko e

Zid -(x "J“)(Ita*;“ib
X

x\cﬁ Lﬁrl- cos QS-K:c m.jqb:xf,
*n\umwl - e "

'j\qf' - AG <. ¢+Kg‘ —31‘

ZF ”qub =x>¢’+‘l5>~4’
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The following relationships are now determined from the computer
curve fitting process.

For convenience g n, is denoted A
v

A

2 Il

i

A28 _ gl ldn-a'y - |¢ — 2
“2p Il r ¢ 9
|
Azpt |
—_— P B ' _ |
Rons - M G e e g
|
A, % .
2 Pt q & = 3 .
r— Ipd| /3 pt= Pt| > Z°ow
A2p 7 L' t
% oo e el |
hop = @, ~ =y [ Ty
! : ‘
(AP " ; .
IR SN N N S 2
= 5
EA2/3 lﬁ-l /5 Ty, | t
! |
RIS ;
e - f‘, Ay =Y A = Al Za
lzp 131 72 b
M= A a
ql,= AIO(
/51.= A]./S
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DETERMINATION OF AVERAGE \>\

>\= k + @ 1 complex root relevant to short period oscillation 1

For greater accuracy an average N is used in the solution of the \
equations.

1
N N F A e e AR Mt+*;t+ﬁ} |
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I SOLUTION OF 4 TIORS ‘
Ky
"  Let transverse acceleration/V be denoted A \
|
|

¥
rcos &g = -é+pﬁ + ¢.g cos¢1cos By cos () + A canerens (l);
¥

|

§

Splitting the equation into complex form. J

xy cos A3 =-x; * xpf.(l + xp,g_cos ¢1 cos B) cos +1‘...(2
v

A check on this equation is thst x. == — |A|Igl

¥y tos Ay = -yé + ypd1+y¢§,ccs $1 cos By cos (D + Yyeaa(3)
v

However the value of y_ may be cbtained more accurately in the next
stage.

This stage is only for the obtaining of the phase of r accurately and }
hence x,. 1s extracted. ' |
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L ]
The yuw accelerometer measures r

L 2 2

r=pKxz - q .Fy—l{xp ~KXZ .q p 41 —mecmmmemea (4)
2 - K%z . 5
Kz K™z

Expressing the equation in complex form.

Zr =7. Kxz -q 2 2
284 K -Kx .

y=K x{7Z _ZZ Q.2 42,

P2, X K2 P K"z 1t

Negligible accuracy is lost by the substitution

of Z.=2, ;2 =2 HVAR YA

p pt p pt T rt
Xo =Xo Kx - )
=T 4 q ‘K y.iK xtx sz .q oX X, wmmmmee-- (5)
Kz K Tt
Yome Kxz =g |Koy-Kox Yp -Kxzeqiyp vy - (6)
T p KT q1 =t
z Kzz K2

Iz = l(xi. )2 (vq )2

T == - X! ;X from page 10

X, and ¥, are now established

Hence Z.= NZ = }z\z '
r r W

ta

I
where \J = ﬁ'dt

€,




= reporT ne 21 /Stab/S
m AVRG ATRCRAET [INITED

MaLTON - DNTAR O SHEET ~No 12

TECHNICAL DEPARTMENT

PREFARELD &Y DATE
AIRCHAFT
¥.¥, Jenkins Octe 1957:2_
CHECKED BY DATE

Foma s

-

DETERMIRATION OF Zp , Zp , Zp

Substituting Z,. , Z; into equaticn (&)

Z,t=z;.-lxs Z;,*qllzy-lizxzp-l-ql E xz.r [

Kzz Kzz Kz z |
Negligible accuracy is lost by substituting into this equation |
Zp = th and Zp = th ‘

. 2 :
Xp, = X3p - Kx2 x:p + q K%y - K°x Fpy + KXz q Fp oeees
® 2 K2z K2, '

yrt- Ny = Exz yit + q sz.sz YPt + Exz 9 Yrilt‘ll

K2z k<2 K<y
;‘t = tan mE y;‘t |

Tt
Hence x"t,nnd I r"g -9 €y = Irt are now correctly known

where (90 + £;) = 90 + tan ]{']’
w

Let !PL be the averaged value

[P = 1”{(& L) (L_ I"t-*‘h*h’t}

}

|.

where [Pt - rt 4 |Pt « r{ are measured values, 1
|

Accepting the measured value of ‘Ptl
P8l
2]'," = |&| ) | By now becomes a known.
IEH
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SETERMINATITN F Zﬂ' Z s zp (Centinued)
P

Rell accaslaromatesr measures Pt.

"B = pocg K 5 2, _x2
t ‘11£_§_£,.5--'-‘|;‘1-!Y - [;31_1-__

K <y K “x
7 =12 e T 2 2 :
P ST ¥ Z “rq K z-K%r =
R T Bty kg
Szlivting this irto real snd f{mazireary squatiocos,
‘.P=L.-t 8 Ex} I)-.f."il_lz_l'_lzl-!r ~E X2
= . L%x X
FREy: tg, Kt = 2 2 §
il 1;21 y:\.g! * 5...;_'__!._".!, o & & I )
t < x 2 3
x
Emot’pisnwm
2

And usins the relationships A“, 2 =2

4 p
?\.zﬂ

]
]

» 2 ,Z; are now wnows,

£ £
411 the required Iateral variables Mave pow been expreessd in

tarma of/: end gay be aubstituted into the squstiona of motion,

i
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MOV A

™
1

<

K2x
J = K%z - K%
sz
1 = K% - K%
Kzz
n = a .
np + R

= =%y
Yo
= Sy
b o)
--Cl 02
—R 2y
iy
= 'Clr'b
i, 2V
)
iz
=_Kxz
Kzz
= Ch. o+ b
T, 2
2
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LATERAL EQUATIONS OF MOTION
(a +X) + (b - A1)z, + Czg + (cosd1+d)zr =0

e +(f+qlg)Zp + 2 +(h+q )2 + g2p = 0

P
I = .
k +(QJ'l+n)Zp “+ mZp+(s-q1n)zr + 23 = 0

Unless specified otherwise assume b = 0

Find a d 2 r n k]

(all other coefficients are known)

vt Gy e Ay Upeb T b Gy
27 Y, L 1x 2V 1, 2V 4,

By notation to c,s CVr clB Clp Cnp (;na
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Solve A' N4 +« B' N3 + o'\ # D'x + E'=O
2'=4-gm
i :
B =-mag -mh-qlmj -qllg-gn+n+s-q1.m*f+gql
g2

_‘S'qllm‘*'f*qllg'th‘ql‘jm
-qlngl-ngn+mecoe(Il+med+edl

! ' ' '
-eb-0, k g+bk.g-coec(lk -dk

N 2
qllh-ql.jl-nh-qun+fs-q1fm

2
"qlgs‘gql m

_ 1 (] ] L ]
D ——k'({lh-k qldlj?k bh+ jk bql*kcg-k' cos‘llf
1 L
=k - '
qlgcosdl kdf—qlk gd+qlelc°8ql
+encosd1+qled1+edn-ec-edlqlm

eqlbm+°0(13'99b'qlalh-ljnq2

1 -anh

2
qlajn+asf+qlngs-ql agn=gq amf

1 ' 1
E =ck h*qlck j-ces'f-qlcme
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Conclusions

Values of GY{‘ : C]?,3 Gp:ﬁ ‘Clp C“p Cyr aTe

datarmined by tha method,

Inplicit in the solution is that the value= of Ty clr
o}
P

o~

S sre known. Tha terzs conimining Cy end C{ are
p T

Ay
of negligible importances.

Evsluation of Cp determines the resultant comporasnt of
B

(rCqp + pCp ). The isolated valums of Cp and Gp
r p p r

cannot be obteined experimentally accurstely s2 sufficient
mccuracy of pessurerent of the phzse relationship between

P and r 18 unobtainable. Any method of snalysis of the
Dutch Roll oscillation suffers from the same practical snag.
Howsver, If the determinad valus of Cn_ and the 'known'

value of Cnr are s:bstituted into the equations of motion ths
conssguent evalustiion of responzse of the alreraft will

be accurate hecause the resultant componeant (r ’Snr rp an}
within practicel 1limits remsins constant repardless of

the 1solsted vaelues of Gnr snd an. Cnfg is slightly
affectnd by the breskdown and this 19 sesn by refsrance

%o the time vector yawing disgrsm in refarsnce 2.

Howavar, probabls values of Gn/; have been estasblished by
wind tunnel and free f1izht models, forming s boundery condition
or chack oo the evalustion of ths componants of tha vewing

equstion of motion,
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Conclusiong (continued)

be

5a

It will be realized that C“r as treated in the method
absorbs the Cqé effact, This simplification is
considered justified since r and /6 are almost in
counterphase and isolation of the separate
contrihutions is impossible. Evaluation of the
response of the aircraft remains unchanged by the
substitution of the resultant component into the
equations of motion.

The discussed digital computer programmes will
greatly reduce the time to evaluate derivatives

and largely eliminate human error,

The discussion in this report is relevant only

to the aircraft in the lateral damper disengaged

condition,






