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C H£ CKEO 

on notation 

All symbols used in this report are those i n 

current use i n Avro for a body axe s system 

unless c1esi '•nat cd oth"lr\Jise in the tP.xt, The Avro 

not~t ion which in the main is that ~ccepted by 

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

" 
B Y 

BY 

rP.ference als o contains the derivation of the linear 

equations of motion \Jhich for m the b~.sis of this 

report. 
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Prior to the solution of the later.al equations of 
itlotion certain relat.ions hiPs must be determined 
from the following measured values, 

e Angle of' sidesllp 

~ Angl.e .of Bank 

Pt ~te of roll 

• Roll acceleration Pt 

rt yaw rate . 
rt yaw acceleration 

n transversal acceleration 
y 

q rate of pitch 

C( Angle of incidence 

® >..-,gle of piteh 

To the linearised equations all the :l..neremental 
variables are assumed of tr.e fo:rm 

y = Al e K1 t + Az eK2 t cos (wt + c( I ) 

A1 1.s the st.ead;)• state value of the variable and eKl t 
i9 the deeilJ' factor of the steady slate value 

Az is the oscillatory increment modu.lus of which eK2t 
is the decay fa.etor 

~ is the frequency of the oscillation in radians per sec. 

rll 
~ phase displacement angle 

I 
I 
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lWl'A'l'ION 

Let Z be the eOl!lplex relation between any iucrelll8nt.e l ,ariable 
apd inc~emental/3 

EY..Al,'i?US 

:X ,1_ = !'>--114.i cosl}.i/1 = K. :x: _ w _ 
)..'P lfl ~ · ~qi - :x:p 

':h,~ ~ i >..U rf> I. 5,..., >,..rt, 
'+' !13 r 

I 
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The following relationships are n<M determined froru the co~puter 
curve fitting process. 

For convenience _g n , is denoted A 
V 

A2/" = lfl 

A2 0 1£1 I q~ - a: '~ - LL --~ z~ A2f 
= 

lf>I I 

I 

A2 Pt 
IPtl 

I 

A2j3 = I cJ. i3 - 0: ' Pt = ~ 
____ _., 

¾ l~I 
' 

I 

I 

I 
A2 Pt 0 

q ' - <(' 
. 

li1 A2f 
= I PtJ I /3 pt= '> zo. 

1131 Pt 
I 

" 2 r I 

i A2 1-t 1rt1 I 
q, - 0: '. ~ -- z, 

: A2f' 
=- ~ rt r 

i?-f I t 
' I 
I A A 
I 2 I 
I A2f 

IA I <Xi3 - 0:' A ~,- z,. 
1/5 I 

ql 
J 

Al q 
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DEn:RMINATION OF AVERAGE ~ 

\ .. k + wi complex root relevant to short period oscillation 

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

\ = ~)_ >--~ ~ >--. " >,.. >s 
+ + + pt+ rt + rt + A I , ) 
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SOLUTION OF lJfE LATERAL EQU6TIONS 

Let transverse acceleration/V be denoted A 

A = f! - p (( l + r cos CX: l - f ! cos ~ cos 1\ cos @ 
V 

I 

• I 
r cos ({1 = -B + p ~ + 1- &. cos d:, c OS B1 cos @ + J. • •• H •• • (1) 

V 1'1. I 

I 
Splitting the equation into complex fortn. 1 

"JCr cos c( 1 =-~ + ~cJ..1 + 7yJ . & . cos , 1 cos 81 cos ® + ~- •• (2-~ 
V 

A ch eck on this equation is that x,. .o. - lxll~l 

Yr cos a: 1 = -Y; -+ yp C( 1 + y~ ! , cos h cos 81 cos ® + YA•••(J) 
V 

However the value of Yr may be obtained more accurate]J, i.n the next 
stage. 
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• • 2 2 
r =P ~ - \ • JK-y-K"'xf p 

Kz ~ 
- Kxz .q1_ r + rt ----------(4) 

K2z 

Expressing the equation in complex form. 

Zr=Z. Kxz -q t~2 2 K 
P K2z 1 y-K x '.Z -~ • q • z + z . 

K 1.-z. P K z 1 r rt 

Negligible accuracy is lost by the substitution 

of z. =Z. 
p Pt 

x. =Xo Kxz 
r PT 

K z 

Y• -=Y• lu.z 
r P~ 

K z 

; Z =Z 
p Pt 

lrl = jtxr i2 (yr i2 

I)-_ I 

xr and Yr are now established 

Hence Z,= 
r 

t. 

where 4'1 = f .dt 

t , 

------- - (6) 

ab If> ,-
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DETERMINATION OF Z$ • Zp, :F 
Sub11tituting Zr • z; into equation ( 4) 

C ti ECKED e "( 

Negligibl e a~curacy is lost by substituting into this equation 

and z = z 
p Pt 

. K X z 
. + K.2, - 1(2:ir; :XPt K X Z lei-t. .. X ).. r - .J:pt ql + ql 

~ Kz;_ ~ . • K X :r. Ypt, + ql tc2y . K2x YPt + K X z ql Yrt Y).,r -
~ K2z ?;" 

~ : tan -1 
Yrt 

:iti-t 

I DATE 

i Oct. 19~7~ 
I D A.T E 

I 
I 

Xr (7) 

..,. r .•••• I 

I 

(8) 

Bence I r-t - 90 • El} • 

where (90 + cD) • 

l.:i_ are now co rrect.J..y k:nOlffl 

90 + tan --i;I<} 
Let !iit be the averaged value 

~ • 1/ ~ ( G_ + I Pt - ri) + ( ~ + I Pt - rv ~ l.!J 
where lpt • ~t, !Pt - rt are meaaur~ values • . 
Accepting t he measured value of jPt.l 

171 

½t, • IPt I . ~ now bec011ee a known . 

I~ I 
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X .p: . . 
:;l ~ 'le,.. 

X ) .,~ 't. [ JI 

y = 1. + ql K :t z y p . 
Pt t2"'i >-tt 

~~- z . i, CCJl,I~ 
p 

l.t:.c ~1ni:- th" r .. 1;i~!on11h!pe 

.. • z ,, ; 

- <:tl 

... 

K2z-Jt2y 

! 2 X 

l i % • 
2 

I z. 
I 2 x 

2 2 

CH CCK£ 0 8"r 

"-:-
. 

112.t;;.ll; 

• q) l I "( ♦ !....!..!... 1, - •1~ . Yr i2x I 2x 

- 2 " . z = z • f, p 

~ . z~ = z 
p 

ter .. of /3 and may be 11ub11t1tut.ed into the quatlon• of !IIOt.ion • 

OA T I 
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NCY{ATION 

a .. -~ b - -~ 
2 Of' ½ 

C • - ! cos ~l cos 61 cos® d = -Cvr 
V o/42 

e = - ~ t - -Cl . .2 
...!l2 2V 

1x ix 

I .. - Kxz h - -C1r • b 

K2x -
ix 2V 

j 
2 2 i -~ .. K z - Kv = 

K2x iz 

l ,. K2:i: - K2x • = - !..!....! 
K2z K2z 

n ,. -Si • ll a ,. -~ • .2 
_::!! 

2V iz 2V 
iz 

. 
l 
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i.6,ll;~ i~QATION~ OF HQilON 

(a + ~ ) + (b - C( l ) Zp + C ~ + ( cos c( l + d ) Zr = 0 

+ (f + ql g) z· + (h + ql j) Zr 
. 

e zP + + g Zr = 0 p 
k, + (qJ, l + n) Zp + m z; + (s - ql l")Zr + z· r .. 0 

Unless specified otherwise assume b • O 

Find a d e r n i/ 
(all other coefficients are known) 

Convert 

ix 2V iz 2V 

By notation to ~P 
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CHECKIOO PRCX,RAMME 

SolYe A' ).. 4 + B1 ')\ 3 + 
I I 

c \' + D >-. + E = 0 

A1 = f - g111 

a' - - m a g 

c' = a s - q1 am+ a f + q1 a g - a h Ill - q1 a j m 

""ql II g l -a g n + m 8 COB 0:. l + rned + e 0: l 
I I I I 

- e b - 0:. 1 k g + b k . g - cos a:. 1 k - d k 

2 
h - q f s - q1 f m - ql 1 h - q1 . j l - n j n + 

l 
.,. 2 

ql g s - g ql m 

' I 

+ k 1 b h + j ' I I D =-k' ~h • k ql 0:.1 j k b ql +k cg-k cos ~f 
I I - k ql g cos a:. 1 - k d f - ql k' IT d + ql e l cos 0:. l 

+ e n cos a:. + ql e d l + e d n • e C - e 0: l ql 111 1 

+ e ql b m + e 0( l s - e s b - q1 11 l h - 1 j II ql 
2 

II D b -
- ql II j a s f + 2 

ql 8 Ill f 
D + ql a e s - ql II g l'Q -

,I 
' 
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Conclusions 

2, 

de ermi ned by the me thod. 

Toplic:it 1D the so ution i s t.h.a 

Cn p 
Cy 

are kno-..n . T'N9 t= contdnlng Cy 
p 

of negligible importance, 

r 

C 
r 

3, Evaluat ~on of Cn determine• t he resultant compone nt of 
p 

(r Cn -+- p C ) . The i sola t ed n illfl, of Cn aod C0 
r p r 

canno be cbta ined experimentally accurate ly suffici ent 

accurecy o!' 10easure~ent of the phase r Pl at onsh~p bet veen 

p And r l e unobt.a in•bl e. .\ny method of analysi., of t he 

Dutch Rol l os cj l l a t 1on euffere f'rO!ll t he s ame practical en~g. 

However, Lf the determi ned v1lue of Cn and the 1known' 
p 

v1lue of Co are ~~betltut..e.d 1nto the e ua l~ns of mot ion th r 
co~eequent eva ua tion of res~ e f the ~craft ."ill 

b e aceurat becau e the -r-est.lt.ant co ponent (r Cn -t- p Cn } 
r P 

v1th1 n pract1cal 11m1ta remains cons t 1nt regardles~ of 

t he h ol.at d val u.,s of On and Cn Cn ~ 1 :Jl :1 ghtly 
r P· ,-

rl t'11c t"d by the breakd0"11 and this :1 ~ u c by refert1nc11 

to th time vector yaw ing d1a~am in r ~f erenoe 2. 

H owl!VOJ:-, probable valu~s of Cry.i hav e been eet ablished by 

vied unn l and free f ljcllt 111 odel.9 , !:onniJlg boundary co d 

or cha:;k Oll the 11v al t.:lo:i or t.n .e coaipon :) 11 or t bl! )'llVin& 

equati on of mot i on, 

Oot. 1957 . 
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Conclusion;i (continuedl 

4, It will be realized that C~ as treated in the method 

absorbs the Cn15 eff~ct. Thie Sil'lplification is 

considered justified since rand /3 are almost 

counterphese end isolation of the separate 

contri :,utions is impossible. Evaluation of the 

response of the aircraft re~eins unchanged by the 

substitution of the resultant component into the 

equations of motion. 

5. The discussed di ~ital computer programmes will 

greatly reduce the time to evaluate derivetiyee 

and lar gely eliminate human error, 

6. The disclll!sion in this report is relevant only 

to the aircraft in the lateral dempP.r disengaged 

condition. 
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