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

N, 4, C, A, is found in reference 1, This

reference also contains the derivation of the linear
equations of motion which form the baesis of this

report,
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Frior to the soluticon of the lateral equations of
aotion certain relationsbips rust be determined
from the following measuresd values.

B Angle of sideslip
¢ Angle of Bank

Ey, Rate of roll

Py Anli accelsration

ry vaw rate

;t #ew acceleraticn

:1F transversel acesleraticn
Z Take of plteh

o fngle of incldence

(E} Anple of piteh

In the linearised eguations all the ineremental
wariablos are agsumed of the form

&y

hz

i |
¥ o= Ak Ki ko Ap Eﬁz Tooe Wt + )

i5 the stesdy state walue of the variable and af1t

35 the dapay factor of the steady state valae
ix the sselilatery increment modulus of which bzt
1z tha decay factor

iz the Frequency of the cseillation im radlans pear sec.

phase displacement angle
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The following relationships are now determined from the computer
curve fitting process.
For convenience g n, is denoted A
v
AZ/3 = Il
B0 . 1Bl s -y <19 2
23 Il
|
2B ! gy g
A2/a S om AT il Ip_tt-m* Zpy
l H
Ay 3 o I
p . .
:t= Py | 9Ja - A" By~ |py | > 2o,
B 7 ¢
Ay, r
2 ¢ B |
= of% =d"'r = r, >
A2/5 |TS| i ﬁ t l Zl't
i f
| A 1' . ° &
2 W A =y 2
} 2 7 I 5
iAZA I
i T = | 0% =d' 4 = |A z
|A2P 50 A [A — 24
|
! ql, = Al q
o 1, = Al of
\
| /3)1' = Al/s
\
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DETERMINATION OF AVERAGE >\

\)\= k + i complex root relevant to short period oscillation

For greater accuracy an average >\ is used in the solution of the
equations,

A= '17,>\B+>‘¢+>bt+>\fxt+ >\1‘t+>\;‘t+>\AJ

FORM 13194
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SOLUTION OF THi LATERAL BQUATIONS ‘
Fo:

| —  Let transverss acceleratlon/V be denoted A |
| L=A -PU:~L+1-cnslI1-¢E cos¢1 c0351cnsf_ﬁ_)
¥
‘ Toooe ] = - PR+ t’,ﬁuz Cos 451 co5 By o008 G + A weresnos (1)
¥
‘ Splitting the equation inta conplex form.

e mos &g =—x;| + .%L(:L + xyjl_%_cuaﬁ‘fﬁlcns Bi “°5®+Iﬁ"'{2)

| i chesk on this equatior is that x, == — [xllgl

¥p vos G = -].r;!I + Y g4 + ¥4 B, 008 §y cos By vos (D + Fpeaald)
¥

However the walie of y, ca¥ be ohtgined more a--urately in the next
sthia,

[ This stage i= ooly for the obtaining of the phass of 1 ascurately and
Gohal Xy, e tIRC Y

LEL TR
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y
=

The yaw accelerometer measures r
t

L e
T=PKxz =-Q o
K"z

2

2
Fy-Kx
K"z

p - Kxz
K2z

Expressing the equation in complex form.

Zl.' =2Z. sz =q

P Kzz X

2 2
K% x“xlz KXz .q .z .2z,

Negligible accuracy is lost by the substitution

of 2.=2, ;2 =32 Z_=Z

P p, P Pt T T
% =xs Kxz -, |k%y_x%|x, -Kx
r p 1|8 y-K P TZ.q R (5)

Kz Klz K~z Ty

Femre Rx Koy-k'x by -Kxzequyp 4 ¥ (6)
o =Yeo Z - 3 - - Ze Qe g |SEweameai=

p X ql ——Z—F p 1 1‘+ Ty

“ Kz Kzz

D) Xr from page 10

X, and yr are now established

2
Hence Z.= = ]
. >\Zr Nz,

ta
I
where \Jp = ﬁ_dt
t
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DETERMIKATION OF Z¢ 4 Zp Z5

Bubstituting £. , Zp into squatien L4y

= Z;. « Exz Z.E, + g3 EEF-KEX ip t oy E xzur

Ly, : :
Kaz. EEz E'z |

Naplipible aocurecy 18 lost by pubstituting into this eguation |
2L = 3]'}'. ardi & = Cf

P P Pt f
. . ; |
Ap, ® Epyp « KXz xp  * 9 E% - K°x ¥p, + KXz g3 Xpoaees Ll
& K? z % K2z Kz |
Y;‘t = Py = Exz Yp, + 41 sz - ¥ox h’pt * R X2 g Fpossesr (B)
¥z ) g
. " -1 i
[fo = an T wh |
Xy '
Hance Tt Jand l 1"; - 50 -£p = are now correctly wmenm

whers (50 + &) = S0+ tan l‘[

be the warnged vadluw

3, - m{(m ' ) S(EREEE

whars |Pt - r . |Pt = ry are megsurel valusd,

A

hecepting the mepmired vilue of |Pt|
Bt

_t| now becomes & knewa |
18]
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DEFERMINGTION OF zﬁ. - zn' (Continoed )
P E

RBell acealarcmsisr magsures Pt

-p, = - 2
: ?+q1%'§—,f‘p"qlﬁi,'_£.z.+ Kx 3

K *x E~x
Z;'=Z;-H‘.+E=l FExz
E x E i

Splitting this into resl end fmepinary eguations.

2 2
z ol sl ¢ < K 2-KE°F + X ™
M -
KZ {'1} l_..._z._.._ _.E_L

i 3 2 FJ

== Yo Exax = E z-X X +K .

P P 1 == wf 4y i ==X
t o t 1 E=x s E = :

e — = - X 2
?Prph'q-‘ sz..?_-:-,,xz-lf,y +Ex 2.7
7—}; X '&p L — ] r
t B~ x K %x

Henca 2.'p f8 now knowrn

and ueing the relotionships 32z

# B
P’».zles

1l
=]

|
]

E 2, Z; &re now knewvn.

411 the required latersl variatles have now been expressed 4n

terns of‘}ﬂ and may be subsiltuted inte the equations of motien,
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v
e = - C
g
iy
g = - ko
K%x
3 = Kl -KS
sz
1 = K% - K%
Kzz
n = °
op + B
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ATIONS OF ON
(@ +X) + (b - ®A3)2, + €2 + (cosdy +d)z, = 0
e +(f+qlg)Zp+Z;+(h+qu)Zr+gz;=o
k/ +(ayl+n) 2, + mz;+(s-q1n)z,. + 23 = 0

Unless specified otherwise assume b = 0

Find a d e >o n k]'

(all other coefficients are known)

Convert g Hr g Hpc® Tp b Cm
24 yu, iy 1x 2V 1, 2V 14,

By notation to Cys CYr ClB Clp cnp CnB
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'
Solve A' N4 + B'AJ + ¢'\>+ DA+ E =0
A' = i - gm
; :
B =-mag -mh-qlmj -qllg-gn+n+s-q1.m+f+gq1

[ =as-qlam+af*qlag-ahm-qlajm
-qlagl-:gn+mecosdl+med+edl
] 1 1 1
-eb -0,k g+bk.g-coedlk -dk

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

2
L qlgs-gql m

- ! ] 1 1
D =k' fh-k a A3k bh+ 3k bg +kogk cos O f

1 1
-k - !
q g cos kdf—qlk gd*q; elcos o,

+encosdl+qladl+edn-ec-eqlqlm

eqlbm+eo(ls-esb-qlalh-1jaq2-nnh

1
2
qlajn+asf+qlngs-ql sgmn=Qq amf

1 ' '
E =ck h+q1ck j-ces+qlcme
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Copclumions

1. Values af Gﬁﬁ. G¥ﬂ Eﬁd ; Glp :np Sy aTH

dater=ined by the mgthad,

7. Irplicit in the solutlon is that the velues of Gyf Glr

G grs knewn. The terms contalning Gy and G are
i, = Gl

af negpligihle Importencs,
3, PBvalustlon of Cp deteroines the resultent eooponent af
F

ir Gp + Fon ]. The isolated valuss of Gp and Cp
r a 1] r

carret ha obtatoed axperimentelly scourately s; guffleient
| accaracy of meszuremeot of the pheze relatiorahip batween
! p énd ¥ 1% unebtelneble, Aty method of armalysis of the
Duteh Hell s=cillatlon suffers from the pene practical snagz.
‘ Hemtaver, 1f the detarmined value of Enp and the !known'
value of Gnr arm substifuted ‘nte the equetlerns of metlon the
congequant evaluetion of respersae of the alrereft will
| “a secursts Bacauss the resultent component (r Cn *+ D an]
vithin practfeal iimits reme’rs gonstent reperdless of
the Tzoleted walues of Enr and an. ana 1= slightly
affectead by the bYreakdown and thim 13 se=no by rafarence
o uwne time vactor vawine diezTan it referebnce 2.
Howeyer, proteble veloms of G1yg hgve bean sastahlished by
wind tunoel snd fres £1i-ht codels, forading a houndery corditdon

or checi on the avaluation of the compoments of the yewing

| equetion of motion,

o
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Conclusiong (continued
4o It will be realized that Cnr as treated in the method
absorbs the C%é
considered justified since r and /% are almost in

effact, This simplification is

counterphase and isolation of the separate
contributions is impossible. Evaluation of the
response of the aircraft remesins unchanged by the
substitution of the resultant component into the
equations of motion.

5. The discussed digital computer programmes will
greatly reduce the time to evaluate derivatives
and largely eliminate humen error,

6. The discussion in this report is relevant only

to the sircraft in the lateral damper disengaged

condition,

"M 11194





