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TECHNICAt _DEPARTMENT 

Prl~r tc: U:e solution ~f the latRral equatio~~ ::,f 
:o.oticr, ::ertatr. rela ;.,ionst-.ips ttrost bP. d~tc:r.ai.ned 
t~ tlie f'cll~win& ::oeasur-ed values. 

8 J.ng:e of si<ieslip 

~ Angle or Bank 

Pt R.&.te of roll 

• Roll accel~ration Pt 

rl. yaw rate . yaw seceleraticn rt 

n 
'J 

trar.sv~n•l acceler3ticn 

' 
rate o! pitch 

c( Ar,lle of incidence 

® Angle ot p~teh 

In the llnear1secl ~uations ~ll th~ increcP.:-ital 
variabl&s are ai;;su:nad cf t~e ron-:i 

A1 is the stead..v state val~e o~ th1t variable and eK1t 
is the dee~• fact~?' o~ t:'\r:? stea~ $ta.t6 val'.ie 

A2 is the ::,sclllato17 increment ~od'-1lus ~f ~lch eK2t 
is the decay f~ctor 

w is th~ fTeql4ency ::>t Ue os.c1Uat.ior, 1n radians J)dr $ec. 

c(
I 

phase dia;placeme:-it a..--,gl.6 
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The followin g relati onships are nOI~ determined from the computer 
curve fitting process. 

For convenience _g n y is denoted A 
V 

ltl I Q~ - Q '~ ~ l.L _.,. z~ 
lfl I 

I 

I 
I Ptl a: }:>, - 0: ' pt = 
I~ I I 

I 

IA I I O:fa - a: ' A 
1/S I 

Al q 

/3 = A f.l. 1, l'~ 

~ I - -- -0- ~ 
I 

lil .,. z• . 
Pt 
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DEThRMINA TION OF AVERAGE '\_ 

)- =- k + G'1 i complex root relevant to short period oscillation 

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

+ + 
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SOLUTlON OF T)!!i 1,1,TEI\Al: !OOtA'!IOJ;S 

Let trN:~Vt:rse, accelerat.ion/V 'be denot..:~ J.. 

A ; 8 - p ((; + r cos r/, 1 - 4 ! cos ~l cos \ co>s {ji) 
V 

-e • P «i. + f JI. cos ~l co• 01 eos (ll) + ;.. 
y 

SpUttint ~• equo~ion into complex form. J 
~r cos <.(1 =-"13 + "J,t"( l + ~- t . cos i;\i_ eos a1 cos@ + "f<•••(21 

.1. oheck on tbb •<:~•ti"" is tbat x, ~ - 17'11al 
yT eos (( 1 ~ -Y~ • yp (( l + y~ ! , cos <Jl1 coo ~l cos (ii) + .YA ... (J) , 

V 

l{o-tt'e"VP.r tt,~ v33.c.r of Yr ~• bo obt.a.!.!"ted more a•=•=urotely 1n the next 
stage. 

~~.11 !;tate ~E ~lv !or ~.~.obtaining.~~ ~h~ . ...E~~--'?f . . ~.~'?c-':l:ratel.y and 
~~...E!. X-i- is erlr~eteo. 
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The f6.W accelerometer measures r 

CHECKED B Y 

t 

• • 2 2 
r=p ~ - \ • fICy-K"'xfp 

Kz ~ 
- Kxz .q

1
_r +rt ----------(4) 

K2z 

Expressing the equation in complex form. 

Zr = Z. Kxz -q tK2y _v 2xt 'Z Kx 
P -2- 1 -= -~ • q • Z + z. 

Kz Prz 1r r K~~ t 

Negligible accuracy is lost by the substitution 

ot z. =Z. 
p Pt 

; Z =Z 
P Pt 

Yr :YP ~ -4i 1·K21:~:x tYP 

lrl =-jlxr l2 (yr l2 

l>--1 

xr and Yr are now established 

Hence Z,= 
r 

t -.. 

where ~• = f .dt 

t, 
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D'l!'TER!CNA.':'10M OF "-t , Zp , Zp 

SUbatl.tut1.ng z.r , z; 
Zrt ~ Z~ ... I ,r. ~ 

ii:2, 

Into eqoation (4) 

Zp + 'll K4y • K2.x 

it2z 

~egligiQle aeC\.:~♦c,' 1s lost by eub~titut1ng into th16 equation 

zp • ~ and ip ::l 2.Pt 

Y;t ~ 1>.r • ~ YP!. + 'll 
!<2, 

~ !!t tan -l Yr't 

Xi-t 

Honee l rt .,. -;o - en - l:i_ •re now t;.:OrNJCtly KJ\ovn 

• 90 + = -~~kj 

1et ! Pt be tl\$ ~v•raged value 

;pt. l/~(G. + lrt- 0+(~•1Pt•rv·~ 
where 1Pt. - h , ! Pt • l""t •re mN.eun,d. •Uu••• 

1,ccepti.ng U.e ,....11\1""'1 v.:tue of I Pt I 
171 

zi>i, • IPt I . I Pt nw becous a kn""" • 

I e I 
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OE'.'ERJ.{Ili\ TICII <Jl Z , Z , Z (Continuod} 
;, p p 

Roll acc~lero~ter meas ures Pt 

Splitting tr.b i nto I'$4l 11.n:! 1~g1ne.r r ec.;_uatioM. 

J-lence Z. • 1a nCN known 
p 

And uai.1"4; ih~ r~lgtion•hipa )-
2 .z = Z 

;, p 

>-. • z;, = z" 

tor1u of /l a nd roay b,ei subst.1t•Jt.ed into lhe equaU 01u1 of 210tion. 
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a a -~ b - -~ 
2 .,, ½ 

C • -! cos ~l cos 1!1 cos® d = -C.,,r 
V o/"2 

e = - ~ t -~ . b 
2V 

½c ix 

' • - Kxz h • -C1r • b 

K2x -- -
ix 2V 

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

K2x iz 

1 ,. K2:i; - K2x • = - K x z 
K2z K2z 

n ,. -Cn • .Q s - -~ • !! 
~ 2V iz 2V 
iz 

c 
! 
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LATERAL EQUATIONS OF MOTION 

(a +A.) + (b - C(l )ZP + C Zrp + (cos C(l + d) Zr = 0 

e + (r + q1 g) zP + z; + (h + q1 j) Zr + g z; = o 

k1 
+ (q:i, l + n) Zp + m z; + ( s - q1 M)Zr + z; .. O 

Unless specified otherwise assWlle b • 0 

P'ind a d e t n k
1 

(all other coefficients are known) 

Convert 

ix 2V iz 2V 

By notation to C,.~ 
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CHECKING PRO,R@ME 

Soh•e A 1 /\ 4 + B 1 ).._ 3 + 
I I 

C \~ + D >.. + E = 0 

I 

D 

E' 

C
1 

=as - q1 am+ a f + q1 a g - ah m - q
1 

a j m 

-ql II g 1 -· g n + m e COB ex l + med + e C( l 
I I I I 

- e b - CX. l k g + b k . g - cos ex l k - d k 

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

1 
f m 

2 
m 

I I I I =-k' ~h - k ql C( 1 j + k b h + j k b ql +k cg-k 
I I 

- k ql g cos ex i - k d f - ql k' g d + ql e 1 cos 

+ e n cos q l + ql 8 d 1 + e d n - e C - e C( l ql m 

+ e ql b m .,_ e Cl( 1 s - e s b - q
1 

a l h - 1 j a ql 
2 

2 

I 

- ql a j n + a s f + ql a g s - ql a gm - q
1 

am r 

k' I 
: C h + ql C k j - c e s + q

1 
cm e 

OATE 

DATE 

cos '\ f 

C( 1 

- a n b 
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. 

csmclUJ1 ion., 

Ir.plic'!t in the sol1.;.t1~n i! th..t the -v11li:.es ot Cy 
p 

.. 
17 

., 

"' 

TM t&T!ES ,cont•1n1r.g Gy and C1 aro 
p T 

... 

3.. Eval•.1Qt1on of Cn deter:::iin~c, the resi.;,lt♦nt eo::iponer.t of 
p 

the 1~ole.t~d valu&s of Co anri Cn 
P r 

p tr.d r 18 unobtainable,. Ar.y m.e,thOO of t.r.aly8is of tho 

Dutch Roll oscillation ~uffer8 fro.~ the s~me preet1cll snse. 

Hovt"SVecr, if the detenri.1ned valu~ of Cnp •r.d the 1 kno'-'l)' 

value of Cn a.re sc.;.bcstituted !nto the, cqi.;,et,or.s o!' e,otior. thi­
r 

consequent t"Valuation 0£ rea~or.se or th~ •lrcT•it vill 

'::le ecc\ll'at& because tM resultant component (r Cn + p Cn ) 
r P 

vithin pra.ct'!e•l limits retU!.r.s cor.stant Teige.rdl.eas of 

t!1e '!~ol&t~d VJ.lu.-:s of Cn and Cn Cn 13 h~ sligt,tl)' r p. I 

atf'e.cted b,>• thti! 'tlr,eakd<,wn e.nd th1a 1s ge~n by r<,ference 

J!owev,r, pro':la.blti vall.!~3 ot Cn~ h•ve, been est&hl'f:c,h!-ri by 

UATE 

.---
0-ct. l~M. 

D•TC .-

! 

~o1!nd t•J.nnel •nd fre~ fli~ht :::iode-b, tor:ning a bound•r7 cor.dit-!on 
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Conclusions (continued) 

4. It will be realized that C°r as treated in the method 

absorbs the en,,; effect. Thi■ simplification is 

considered justified since rand /3 are almost in 

counterphase and 1solation of the separate 

contri !mtions is impossible. Evaluation of the 

response of the aircraft remains 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 derivati~es 

and largely eliminate human error. 

6. The discUBsion in this report is relevant only 

to the aircraft in the lateral d amp!'!r disengaged 

condition. 
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