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IN'1'RODUGTION AND SU11UARY 

Thie report includes 11. method of calculatinc aircraft 
:response by a II tep by step t1m.e solution. The 704 dig1 tal 
()Ortlputel' f'e.cilitetes the determination or' 1ncrmentsl response 
durin~ enremely small time increnienti, and honce the usual in­
acoul'acy due to employing l'elatively lal'ge tillle 1ncl'ements, is 
eliminated, 

The l'eport also i ncludea a method of detemining , damper 
,;,ngaged condition, effe~t1ve aircraft der1vat1vos which may 
ulternatively be described aa synthetic aerodynamic der1V'll.tivea,. 
"i noe dempe:r eystem aerodynlllllic outputs are classified according: 
to which particul11r aircraft respont'le pr0rt1oted the input and 
then. summed with the natural aircraft deri vat1 vea. A typical .but 
siniplifhd example of th 1 a, 1s an a ircrart rea,,onse p wh1 eh promotes 
a proportional s1~al to the differentisl servo producing a 
proportional aileron pure rolling mom8l'.lt output in phase with P• 
A i:iCip h!is been oreo.ted and this may be added to the natursl aircraft 

Clp tc;, fol'!II 11.n effective ol' synthetic aerodynamic Glp • 

Tne method als~ includes deterrnilllltion of the oontrol derivatives 
and thio yields val.ue11 of the natural aircraft derivatives subseQ.uent 
to the evtiluation or thll effeoti ve derivatives. 

lt 111 thou.~t that the rre.aiing of the dElfflper engaged condition 
equ.tions of 1I10t1on into a not11.t1on ane.lo3ous to the rreo ai_rcratt 
eque.t1onll of lUOtion expressed 1n twu1liar aerodynB.1111c notation 
racilito.tes a 4111()}1: clear phyaioal interpretation or the functione 
or th·e dumper sfstem. as :regards aircraft response. 

The pcUallel servo output ie proportional to the integration 
with respect to time or the error between c011111111.nd and response, Ae 
ooll11!1e.nd is arbitrary a numerical step by step time solution was 
preffered to a Lftpltice tl'<Ul11formation, utilisation of which• would 
necessitate in ~any inRtancea an approxi~ate iranafol'III. or the 
arbitrary col'llJlland, the aµproaQh to whi_ch would vary according to 
tbe circumstances. 

bEVELOPr:ill?IT OF 'T'HE SCOPE: OF TIP.i: DlOlTAL TlllR RESPONSE SOLU'l'ION 

Having embarked nn analyeia of time solutions or the response 
of the airorttft rathllr thi,n restrict"1n,; llllf>.lyais to linear equations 
of 1110t1on 1"1th :r.oro flying control forcing tunctions, 1 t 1a no longer 
neee1:1eary to restrict the analya1e to 6J11all motions. nor ie 1t 
neceas,;.ry for the long1tu,:linal and tator1>l :notions to be uncoupled. 
t;e.ution muat be 11p~l1ed if 1t 1s su3pected thut oircraft response. 
frequency approacbes that of the serv·o-mllch&nhm system, 

O _A T -~ 
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Once the reapo.l)ae progrElllllr,911 haTit bean pro..-en ohencee et any 
error in the analysis are re1110te and time to solution uaing: exact 
aerodyu11112ic deri vativea rather than "elmulator• aerodynamic 
derl vat 1 vee me.y well oO!llpare favourably w1 th tbe &nalogue CQlllput u 
tac111ty. In any event a very poa1t1ve check ts poss ible. Ch~ngea 
111 aervo-meob4n19• gatn.e are alao eaa11J 1Dcorpon<tad tn the diglt-6.-1 
p~. ltnropola\1on to other tllgtit. ccmditione 1e a.n easy 
matter. 
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~a output rrcm ;erallel serve due to P,p ie assumed er 
the term ~a- j(K4 P - K4 p) dt 

~a output rrom differential servo due to P,p ie assumed 
or the rorm Sia• K~ P- K5 p 

Therefore total 611 rrom P,p ill J1K4 P-K4 p) dt + K; P-K5 p 

t.all 

where~ K~ K K' are conetante tor any given flight case 
I '"t 5, ~ 

and negative in value. 

,orcing side force along OY axis due to P,p 

·t·:;: + :·~· [ f1•: p - •• ,, d<+K; ~} ,. 

where /:.,cyp p.., -~ Cy •!! 
,a b 

/9 
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where /::,.cy = K ey A 
6 ; uCy r = E!_ • Cy K 

M h b ir 7 

/:.,_cy = - (K6 K5 + .061 K7 ) ~ .cy ; Cy =K Cy 
P b &r a 8 <" 

1'orc1ng rolling mor.ient due to ~. 

6C't [ f (K' p _ K p) ia 4 4 

1 
X 

~Cl 

t---! 
1 

X 

(r - .06lp)m e1 is 

dt +<; p] 

where~C'l. :.K Cl ;AC't = K Cl 
lia 6 ir r 7 6r •!! 

b 

y or 
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'the prineipl~ ot tb$ time solutio~ or ine !uteTGt 
eqUAtton·s of Jl!Otiar. ma7 be .seor. by the et$p 'b~,. atO'p &1lut1on 
of the rollowtig ditferent1sl eqUS!tion. 

t •t . 

Th$ "falueB Qf the vo.rieehloe a:rfl stu61.~d ot .sueoe&s1'1e 
C()Dste.r.t time int&r-v!\l.& ot At• 2 n. 1'he 11otat1on oa<,d 1& 
de~onstretea b)' tho t'ollt'1Joi-; G~pt&. 

•is. ,n l• tho -...1u• ~t l at tl:a\o t. ~ dt multiplied by~ 
2 2 

'l'b~ tollowitig 1& thb e*4u&nce of st$pa ta~en tor aolution 
x.\,. :t, -t- h· ic 

j.~: ~+ b ~: 

x.►,;• l~ - bi~ - C X~ 

• 

~, • X'.,,,. h ( ~ ~ i:, ) 

I,• i ~ 21:,.f.l:, (x,.;x,) h-i: •. ti~·~.) bJ 

• x,.# I, - b :t1 .. ·c .1:~ 

• 
x,\• x,"' ilb 

~i\. .. ~ 1 x• 1. h 

.,,~ 

-- ·--
-
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- K, f p. d t + KS P - KS p 
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Wlt.h t -nc o.bove in mind thP. sid<i force eq1.1,'1t.i::m 'it; m.Ot'e 

co:\veni~tly ~xi:-re~scd a.$ :follo'><"t;• 

-1~ ·~.:',1?. ~r ··--~- -
1··5.--·:L +· 1-r _,_; •• t ·+ <.~.:L?f +~., • r· f"T• ';<~I • •• ~ 

?.1' J,,.,_,, ;,.,. .. , y \J; L ,d' ' ,/ 
I • - ~ - ~ 

(l-c·- , i: - , Jr(f,:<' t'-v ·),clt.. K'PJ .• ·i< Pc ~ .:.:-. a. < I ,,. . -r '·· '••I · '-··· ·· . J' ,, ,... l\1,., 1,J T, '"' • \ .... ·C: '"'•· . ·- l <- ,•. ~ 1' • ' , .::, ,., ~'l"'I Al - ··"'- ' I-' ' .J 

Le':. it.,,. ~ppo:;OG, th,'lt the abo.,-c e:;_11,'ltion exae:t1y 1ix;;res~<t1; 
":.l-.C side fo-:-ce e-:1azi ';ion ,;and. t'1.:.t :=:n:1sic:1l ll',•:?asurc;:o:'"nta ~r~ 10·:J:i 
:JC<:Ul':l.te. 

Nor.~ it t~le ,,.:l.:\\eS o:: t~c v,aiaCl~ !i /~ , r, -: , --;· ~ f1 ·, o., 'I It..")? 

o.:::e .::;:1,nplOO Si."rl'J.'\.tane;:,--.1sly at f1::e <l:..!'fe!"'ent.... tirlce,. t. • t 2 • 

t)•· t1 .. , t..5 a:t..i the v~luc~ 

t?Qo,1.tion t:o :.,.or::i eq:t:-

,. ,,.-. ,,- ,r -
~-1/~ ;.. •,._·,-:--f' •. •--~·y ._,,.• .~ : , '>-·, l,:>. 

Ho:,;e\•er in pTac';.icf=' ph}r:ac.>.1 r.ie~su~eir.ent.1. are not 1.ooi 
.:.•:C\\~ete. Ecnee S0'1!'.C ot t~~ ;.,!'ore""':tiP.n';.1.'JnBri derivo.ti,ves woul-! 
be e,,r;,hv.tetl ;.:it.h :!o-ibt.!"J.l ~~u)."3~y.. Thi~ jit~ti~ ,r>;"J.3 ·oe 
reJr.etli~ri b-; the forr.:3':10;1. ~ .. additional c~ses .. 

It te intet'detl tl:o.\ in !l'l:'l:'\Y .(:as:.es ::-11gtit N"Cord~~ ire•~ue~cf 
will bP. 20 valnej par seco:1d., ttowe•.-P.r 1£ tt,c d~•m1-er- is eng::.ged 
and thtt 1-npulsC eoromi'.l:i,t) ~iRT).t.1. 1;.; qu1.okly redl:).<!P.ri to a: cO))j":.a!"tt 
zero yalne, trl.P. v.irlable.tl ~.ill ~i;(Jroach $t8:\..\i"' valuo.::; aboa~ 0.5 
jeeontl$ :,:-ter ":tia btl.tir.11. lll1--ulse CO'lltl"l:t-1.~i s:iz:~1.e.).., f.ence 1:t ~J.Y­

c;.,$e~ 1';. i~ only posl'.ibl~ to s:iir.1)1e: th~ Vi'.lue!' at lf distin<?t t.1.~ej 
~herEi K ( c.5/ .c.5., .l-lc-ncc the n·Jlr.bor or <1::i~tion.'1 ls: rustrictcd to 
~'l~• t!, Ec.n• t 2 -·---•.-------~qn. , 7 ;)'.en, (t

2
-t

1
) = <t;i - t 2} 

~ (t~ - t3 ) P-tC. :s 0.05 S9COt,!il'>. 
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CASE l Eqns. t1 t2, t3 - c;P: Oyr Cy : c; , 
' t4 , t5-< Cy : : 

)1 h oa • P. • t2 t3 ,t4 " ( • • • • • l2 
" , 

I t5 
' t6 .. 

II 3 • tl' t 
3 l t4 

\ , t5 > t6 . ( • • • • • 

• 4 • tl ' t2 I t 4 • )4 • t5' t6 . ( .. • .. • 
.. 5 • 

tl ' t2 ' t3 • t5 • t6 .. ( • .. .. .. • )5 

. • 6 • tl I t2, t3 
)6 I t4 ) t5 . ( • • • • • 

" 7 • tl • t2 \ t3 , t4 ' t7 . ( " • • • • )7 

.. 8 • 
t2 1 t3 l t, .. 

)8 l t5 1 t7 " ( . " • • 

" 9 " tl, 
t3' t4 't5 't7 . ( . • • " • \ 

• 10 • tl, t2' t4 \ t \ t7 " ( " • " • • )10 5 

C~•l / n( (Cyra ) 1+ (Cy/l )
2 ~------------+cc;~, n 

-
l / n ( ( Cy p ) l + ( Cy P ) 

2 
Cyp .. ------------ +(cy l P n 

etc. where n '= 10 and n is the number or oases to:med. 
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~ s 1 / n (< ii./! )1,- ( t:lp I 2 + - ·--·-·-- t (C\~ l,. 

c\• 1 / n >t c\\ ~ tot I -t ----•··-· ··-·- t (Cl ) ~ P a II o 

e tc. when .c.'" .10 uo :i U t...ha 11=be!' ot oa_eu lo:M:d 

Sla llul,r 

c~,• l / • ( t ci'i.,-. l1 ~ { lll),,12 + --••~·------+ (Cn 111 

c,,P 1 / n (1 ~ Ii + ( Qop> a+--- -+ {,:;pla 

, CAf , Cii Jf'roo tbo10 
6r ' • .... .. 

1'8.1.:aS 11:Qd t.h.• ....-e]llll\lcm of tli• ett.oUT>e 4•T1Y'OL1.T•· C!J~ .J Cl 
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• i.e., t.lt• "tue_. ot tbe tree aJr3:-e.1't !2e-rlni.t.- O:sr 1 C\ P ~ 
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OOl!':.ilf-4 aJ p,s.1, 08li b• ealculat.94. ~ " ·b• a1oN .. m.:i\.loi,.ed. nop by .Sttep 
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