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Thia report 1nolude,a a c!llethod or oalculetinr, ilircrll'rt 
tesponae by a 11·top bY step t1!!!e ·solutian. The 104 digital 
~6mputer f'ao111tetee the detel'l)t1rult1on or 1ncrementel response 
durin~ eictremely sl!W.11 time increments and bonce tb.e usual i-n­
accuracy due to em:ploY1D8 relatively lal'ge tme 1ncrement.s, is 
el.imtnatad. 

The report al.ao 1 ncludea a 111etb0d or dete~ining 1 lfam.PeJ.' 
engaged co~d1t.1on1 ette~t1ve aircraft der1vat1vea which ma.y 
al.t .ernatltel;t be described a.a synthetic aero¢ynrun1c der1~t1 vea. 
Rinoe dempe:r eystelr{ aerodynamic output11 are ol.011aU'ie~ accord-lqg 
.to' <Wh1'C:4 ~rticulttl' alr<ir~:f't reaponn prom1i~ed the input and 
Hi.an summed with the JJe.tura:1 a ircra:f't deri vati veii. A ty'p1~l but 
111pipli.:!'1ed exa111ple ot th 1 a, 1s ~n a lrcr.art reR11ons1t p whic,h promo tea 
a ·proportional i!l1~al to the dl:f'fei'entiel aervo produc.1ng fi 
proportional aileron pure rolling moment output in phase with P• 
A 40lp has been orec.ted a?rd ·this may be added t o t he na.tura-l ai:rcra rt 

C\p to form an e t tective or synthetic aerodynlllll1c Olp • 

The method als~ includes determi.1111t1on or the oontrol derJvativoe 
and this ytelds values ot the natural aircraft derivntiv~a subsequent 
t ·o tll'e evo.luation of the e1'te.otlve der1 vat! vea. 

lt 111 thou,~t that the tr.a.ming o.r tho d1111tpe:r eng~gad coM1t1on 
equations ot mqtton into a n.otation ,anal~,3oua t .o th.a rreo .aircratt 
~qµaU·oM or JQOtion e-xpress,ed 1n taiu111ar aerodyn-~lc no-t~tion 
tacil1t4t.ea a qn1c;lc cles.r phyafoal 1n tarpretat1on of the tun.ct1one 
or t.ha dlll!lper eyetent as -re·gards aircraft rHponse. 

The pa.rallel servo outp\it is proportional to the 1ntegret1on 
with r espect t o time or t h e ~rror between COllUl'&ld and reapo11sa. As 
oollll!lalld is arb1 tr-ar:r a nUJ11eri:cal s t ep by s tap t ime solution ~&a 
pre:f'fered to e Laplace trans.formati on, utnhatton of 'lfhieh• would 
nec.ess1tata in r..any in~tances an 8pprox1111ate t.ransfo.rm of the 
arbitrary co~nd, the av.proaoh to 11h1 ch would vary according to 
thiS c lrownsta:ncH. 

ffaving embnrked l'ln analysis of tirie solt1t1ona o:f the response 
of the airo.l'tl:rt r&.ther t )len reatricti~ anblys1a to U,hear eqU8t1ona 
<>:!' lllOt1on lf1th i.o roo t'lyins oontrol forcing t\lnct1ons, 1t 1s no longer 
11ecesaary t o restrict t.be a.na1.y81s t o 61'\&ll motions, nor ts i t 
necessitry for the l l'IUg1tu41nal and l e: turel :»ot1ons t o be uno_ouplad. 
~aut1on m.UBt be op~lied i t it is au~pe~t ed tbut e1rcrstt response 
fre~uBncy aPi>roache s t hat ot t:.ne aervo-mech&~1sm system. 

CATE 
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ADVAN"l!AGES OF DIOITAL .SOLU'l'lON 

O::ioe tl:e reaponse pzogNr.l!As have been proTen eb.Ances ot 11.DT 
~"?l'Or in the anal7ala 6.l'e rei::ote and t.!Jle to ao~ut!.on ue1ng emot 
ae~1.o ~ert"Athu nith~r then •et=i::lator• aercd,yl:a.:a!o 
dertYAt1fte rz~ •ell CQ."ll'Jl&?e ta-.ourr.Uy w1th the a~l~e c~el' 
taeUity. In ar.y ••6llt a. ·nry pOtJ1t.1ve c'!te~k 15" !l<>Hible. ~i..nges 
in seno-tieehan1111r1 pica are aao easily 1.:lcorpo~ed in tbe d1g.1t&l 
pr ogre.mme. K.xtropQlation to other tllgbt conditione ts an eesy 
matter. 
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~a output from parallel servo due to P,p is assumed or 
the form ba• j1x4 P - K4 p) dt 

6a output from ditferentiel aerfo due to P,p is assumed 
ot the form ~a• K~ P- K:l p 

Therefore total S11 from P,p 1a J1x4 P-K4 p) cit+ x; P-K:l p 

where~ K~ K K' are constants tor any given flight oaee .... :l, 15 

and negative in value. 

loroing si de force along OY axis due to P,p 

ia[6.,cy p c (S ~ + yh (K~ P - K4 p) 

r2 ~ 

where D.,cy p = -'L C., • 2v 
p ~ h b 

Forcing rollina moment due to P,p 

is} !:::. ,c '\.Pb .p + C\a [ J (K; P.JC4 P l dt + ~ P]RmK2x l 2V1x ix li 
where 6 1 C\ p• - K:l Cl •J! 

h b 

D A T E 

Nov. 1957. 
DATE 
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Forcing side force along OY axis due to ~a, (r - .06lp), •y 

1sf 6,cyf>a ( J (K~ P - K4 P ) dt+K5 Pl+ ticyr .r 

l Vf" J 4~ 
/:ipyp •P Cy8 .ay JTm + --+ y 

4/2 21""" 

where /J,.cy = K Cy A 
6 ; uCyr =- ff! • Cy K 

be ~r b ir 7 

11.,._cy = - (Ks Ke+ .061 K7 l Et- .cy • Cy =K Cy 
P b &r a 8 c-

Forcing rolling mor.ient due to ~. 

6_c1 [ f (K' p - K p) ia 4 4 
1 

x 

~Cl 
;---2. 

1 
r 

Cr - .06lp)m a
1 

is 

••+<; p] 

where f::.c 't =-K C1 ; 6.c 1 = K Cl .J! 
~a 6 

ir r 7 6r b 

Y or 
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Tb.a principle or the time solution or the latera.l 
equations ot motion llllf be ee&n by the atep by at.ep eolution 
or the r ollowine d1ffel'6nt1al equation. 

t ·t . . . ( . . 
e. x + b -x + o x ~ J (1' X - K x ) dt • 1 

t .o • 
where e., b e.nd c o.re oonatanta and X ie the command re.te of 

d1eplaeement. 

The valuee ot the yai-iablee are studied e,.t eucoeee1 ve 
constant t ·ime intnvals or b t • 2 h. The notation uead is 
demonetl.'tlted by the follow1 ns exwnple. 

x~ eh ts the value ot i at tillle t . ili Diltipl1ed by flt 
2 2 

'l'be 1n1Ual oondit.ions at t•O are x.i.:~-o 

The following is the eequen.oe or steps taken t~r aolut1on 
x.I\. ... x,, -r b i:o 

;;~ .. ~+ h x: 

a 

• • •• 
:i:, • x.+ 2 h x 

r. >t" h ( x. • i , l 
I,• i l 2 1-%..t K,. (i1l, X1 ) h - X,,, ( !:\. .. ~•) 11:.J 

.. • 
'J[& I, - bx, - c x. 

I 
ll 

x i\• x, "t x,h 
• . 
x ,1;._ ,. xl,.x· ,. 1:1 

No v. 1957 • 
O _AT £ 
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!NCRJ!}.!l!NTAL AILERON AND RUDDER MOVEMF.NT!l 

WITH U'n!:RAL DAMPER ENGAGED 

t•t 

- K• s p. dt + K5 P - K5 p 

t•o 

~ • 1 6. ha -to 1
7
.r - ,061 li'.7l' 

+KB [- . z.~ tX. r - p <\. v - t/>.e ooa ":.. cos;a,coe® 

V. dfJ +r. ooa <l1 V } 
+"--

dt 

foR DE:F•Nl<IONS Se.E. f'l'IC.t. 1'2.:, \<~ , 1\7 A"-r. fUNC'T•ON'S OF 'T1M E. 
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~•tth tit• above tn r'1M thl! aide force a 1~l10!\ \.11 111oro 
con••n1ent.1y expresood aa tollt"tS, 

..1..0,. ·-/ 
.. ~c..~ 

J 

r 'f "f r a .... ft~ P. 

t.)• l 4 • t.
5 

And th• va111 a arf' 1vuiuted tnt.o t.l1• lJu Corea 

f!<tlll!. t.iOTI t.o tom cqn: - rJ1., • OY , O'i , <Ji 
\ t.. t.. 1. 

Di.- lt.&Mo S &o~lit.\Ot'I Cf l! 

C;-"' 

a. lC 
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Ae time 1DCl'HH8 t'ro• t.b• 1net.11nc1 or th• intl lal iftpulee 
oow=and 11ene1. the Y•r1•t.1on 1n the •aluee or tbt •eriablea 
b10Cftll leH •• tb• co..atld •iCDlll &ppJ'oec:hl8 e eoo.etant. ftlue. 
Rene• it 1t a d•ddilld to rom 10 ••~• ot ~ equ.tsoae it u 
a~ftat.ag90ua to c.t1l1 ... ocrbi:at.io11a ot ~· t.1 ---·- "'qp. t.0 • 
to tb• :.ax:.s::a.. i,.uor; t? 11 11-4 w rcr ar. a~1ttor.al roar 
c .... , al.:.hoQh &cl"I •re ~11-.i.. It. 1a ~t t.bat t1:erea.4 
·~~c, nll :-..::~ ·~· •~teU.. ~eon csau. 

8-ce U:A. :::na:l~ o' ~-· tellorin.; ••l•1!.e4 waa oa tll• 
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Eqns. t1 t2 't3 - Cyp: -CASE 1 
t, t5-.( Cy : Cyr : Cy : Cy ~ )1 

• l ' Sr 
• 2 • t2 t3 ,t, .. ( • .. • • • l2 
.. 

' ' t5 ) t6 .. 
II 3 • tl t 

3 It, .. 
)3 

' ' t5 ' t6 . ( • • • • 

• 4 • tl ' t2 ' t, • • • >, ' t5 ' t6 . ( .. • 

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

)5 

. • 6 • tl t2. t3 
)6 ' > t4 I t6 .. ( .. " " " .. 

.. 7 .. 
tl ' t2 ' t3 

)7 ) t4 ' t7 . ( .. • • • • 

.. e • 
t2 ' t3 I t, • " >e l tis l t7 " ( • .. • 

.. 9 • tl ' t3 l t4 
l t5 ' t7 . ( • • • " • ) 

9 

• 10 • tl ' t2 l t 4. ' t , t . ( .. • " • .. 1
10 

5 7 

c~ • l I n ( (Cy /i l 1 + (a'; I' l 
2 

.,: ___________ +cc;~) n 

-
l / n ~ ( cY P \ + (Cy P l 

2 
Cyp .. ------------+(Cy ) 

p D 

ete. where n '10 and n is the number or oaae11 fonned. 
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The sue p!'OceH •1 be applied. to the rolling llM 
JaWU!& equat.1oiu. 

S1a1larlT 

o}t ~ l I n (< c\13 ) 1 + { Cl.I') 2+ -------------·+(Cl~ )11 

c1 .. l / n ( { c1Pll ~ {Cl J -+ - ----------t (Ct ) p 
P 2 P n 

etc ... • heM n ~ lO az1a 11 1• t.he DID.ber ot e••ee !'omad 

Sla2llrly 

c~ .. l I n (< en~ J1 -+ t 

et.o. where n~lO and n 11 tb.e number or ea.ee1 forced. 

'!."be 110l0~1on or tl:9 it.hree lateral equat10!l• ot cotiou T18ld1 
the velues of C.J~ , Cy , Cl Cl 

or ie. &r• ~ • CD I • Cn ?':'o:S thu• 

•r 'a - -n.luo,s a.Dd th• neluaticm o~ tb• ettectl'fe cS1niY1St1Yea en11 , Cl 
p 

etc., th• ftluea ot t.he t'rea aircraft c!erl vatl vea Cn~ , C\ p etc. 
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r:ay be detercU.ued. Now lf tl:le gaina ot the servo- ineohliuiem eyetc111 
ua a.lte:.-acS 1 n• ...alues or the ettecti Te ~e?'1-VSt1 •e• llDY ':le 
enlwsted &i:.d ~he CCJl .. ~t. ~•pct..<te ot the 81::-erat:. ~ l!!I ar!>!t~rf 
~ algr.al, ca:i b• ealcule.tei b-.1 t~e atore-=e~tlc:ued et~ b1 er .. p 
~ethod ot response detel'C'J.o.atton. 
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