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Ct-tCCKED BW 

"Dn'ROWCTI~ AND ASS 

S=e h1nsa onent deT1vetiYe5 may be obte!ned by s t eady 
a t.ate tests, en pr,ovlded the.t the 1nto,?"1118tlon ie o.ccure.te 
enoush,furt.her derive~ives esn b~ obtalned rron oeclllatiOJl 

eate. 

El e ve tor 

Horizot1U:1l b8nked circle:. t1t etee.dy s;ieed WI h ~ero­
Bldaelip, or pul l upe. Tba former alter;io. ~1•a 1a the most 
practical, and th~ equo.tione in the form presented are equally 
applieable to epiro.l divee et const.e,nt ~•i.A.5 . or ma.eh i:l!.l:!lber 
:;irovlded tbe t . . e e~~ect:e of !oli,iit.udi'"e.l acce B"l'G." • cc 5.1'8 
ig:io-:-ed. 

The varlBblea are, et. , ~A . q, r, and p,&. o obtain the 
der1 ve ti vae <"1 b respect io e 1 or these po.r11 eters 11nrl in 
addlt!Oll Ca would roqu1:-a et lee.et 5 dift rent D~r!'"...,. _ 
aeeelel'l!.t1o~s. r..Q'll"e•er tte ettecui of p&. r ,z!.!l be ellll:. 
6.lld cotu1equently •1 l be eseUCJed zero. q 10 eleo 11k&!y ~o be 
s.all unleae b1gh nonia accele rations ar6 ueed, but 1te effect 
enould b~ included tf only to t~prOTe tbe accuracy of the 
othe r de r 1ve.t1-,ee, 

A m1n1l'!Wll or 4 dtf1'er-&nt. Domal acceleru one 11 
required !or each r lebt case . 

oClt~ etde.! o,t tb elere.t-or e?lou!d be ana.y:!ed eepel"!!.tel! &a 

tbut a i::816Jl. tllll be teJcen to e 1~1r.11. e o.:gy et.roy at.ei:e.l e!'f'e::ts 
presaut. 

Aile ron 

c 'n.e pere.m.etere 1nfluenc1ng the hinge moment • lll be 
C(, OA e.:id p . a. wtil be e coueta.nt tor a giTe:-. 1'l1gbt caae . 

It wou d appear .·. thet 4 d1rterent re ee 01' rol 
required for eaob tl1gbt oaee , 

" ill be 
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Aileron • ,. continued . . 

However by alt e:rna t ley adding and su btra et ing the cont ri but ions 
of each aileron the number of r, o, r' s ca.n be reduced to 

This impl1 es the assumption· that CHO& Cg~ are i,ndependant or 

Rudder 

Steady Sideslipe i 

The parameters influencing the hinge mo:nent wil:l be/3, b R 

and <I • To solve for the deri vati ve·e wi tll respect to the o.bove 
variablee and ~ Will , •, require at least 4 different sideslip angles, 

0 

It ehould be noted that the effect or <I ie really non linoor 
but it is thou@lt thet a linear approxilllEltion will be of some value , 

lt is clear from the above t hat to solve for the steady 
etate cl,eri vati ves ror each control eurface at lea.st 10 different 
manoeuvres a re needed r or eae.h flip,h t ease. 

The OSCILIJ\.TI0N should tie· earri ed out froei stet1dy leve.l 
1'11@:h t for simpliei ty' s sake., and will provide a:p,iroximate 
va1uee for an additional 2 derivatives per control, 

SlPJMARY 

The fo'llowi.ng derivatives can be obtained 

Control Surface Stf;!ady State '.l'ests Oscillation 

Klevator i; 

'l'esta 

-; 
CHb ½Iq ' 

(; Ho • Hq CH H ~ q • .to: 
' 

·a 

Aile rons CR CH C CR CH~ <.;H . o , a. , fisA :p 
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NOTATION 

In the oscillation eectipn the notetion ~f Hef, 4 is used, 
but in the steady state section since all velocities and anBles 
are steady state values, the suffix 1 is omitted. 

In addition 

C H 
Non d1mene1~~ hinge moment coefficient 
hinge momeny c. l:>s c:::; 

11 (C) Hinge moment coefficient applied by the aircraft control 
system,corrected for inertia and gravity effects 

Hinge moment coefficient applied by the aircraft control 
system. 

d½4/ooe 

d½./~J{ 
~~1~ ;). v, 

o~/?J ~s 

~~/013 

d~/6tl 
.i. v, 

~p.trT 
,1.V, 

2l4t/o~ 
,,).1/1 

dCu/oei--
Jv, 

C8 Hinse moment coeffici ent for all nngles, veloc1ti~s (except 
o forwt1rd speed) and e ccelerht1one zero. 
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NOTATION 

control surface area 

control surface mean chord 

aircraft mean aerodynamic chord 

normal acceleratio~ 

lateral acceleration 

2 
f_Vl 

2 

wing anbedrel angle 

sweepback or control surface hinp:e line 

control surface deflection 

air density 

rate or yaw in horizontal pla.ne 

distance or control surface cg to hinge line 

defined ill Rell. l 

DATIi , 

Oct. l 957. 

DATE , 
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Notation ... continued.,, 

f:_' general disturba nc e an~le, veloc i t y, or acceleration of the 
l oscillation. 

1$ I amplitude of the envel ope of the oscillation at s 0111e mean 
time . 

() 

Oct. 19.S'?. 
DATE · 

If phase lead of t , relative to Cl. in the longitudinal oscillation, 
l.f:__ /3 in the l atel-al oscillation , 

Other parameters are defined in the section to which they are 
appropriate, 

llote that t he foot , slug second, radia n systec: sho1.tld be used through­
out . 

SUFFICES 

A Aileron 

E Elevator 

R Rudder 

s Control Surface 

PT Port 

ST Starboard 

SIGN CONVr fiTION 

The sign convention f or control surf ace deflections and hinge moments 
are defined in Ref , 1. 

1, 71/F.A,R,/4 

2. 

J, 71/STAB/6 

4. P/ ST/ili/1'!2 

REFl •JlHICF.S 

Control suri'ace mass contribution to hinge 
moment - V. Baddeley 

Digital computt:r de tern:l.n11ti on of lat.eral 
derivati ves fTom oscillatory r. ight t e sts 
- 1-1. Jenkins 

Digital co rnpute r dete r-minu tion of longitudina 1 
deriviit'l.ves from oscillatory flil.lht test 
- M. Jenkins 

Dynamic equations relative to bocl,y ax.es .J-l . J r.n ld 11~ 



.. 
Snepr: Snn Iurs 

r,,E li/N6G rlel1Eff'r , c-a .. UCHt> ~c~ IH ER'f' I 

OIF REF. f J. "O"lP ,:-, tT EE oiT uWEb !JJ r" , ... ~. 5':.(T ,tJN s 1N~E " '' V f LCCJTl f.f ~ 1uJC&-t s r,E 

S 'T( .-Jllf STRT(> Hd .5'~ il'-ir;lC'.t:~ 'f'ILt f1( uu--,::, "T(' "l>£HO'f'£ f)tt.J. 1 

0 = CiC) 1- CHo + o( ¼.. + b! ½\. * {_I-I'} 

Now -1.-1 =iJ- S/Nf 
V 

(J.="t ' cos G. s,Nf ~~.co,GJ SIN/-= Q 1j{ 
V C 

~::. -c;/()1 ot, ( o I "' 
.• -,. v/j. 

() I , I ' 
I I 

- C1/c)t O(+ s( Q4 
! 

/MllB!/ 'f 

/j,_ .::: o<il&i) q4 -\- ) - ""i~J + - ~,, Q) t- "-'4- (~,2 ~ - ~ 1 Q) 

-C(J ~EJ Q,- ~ft Q) +- <><i&,,,Q+ - ~E.,. Q,) - ,;,{i (~E 1 Q3- ~E3 Q,) 

.. , ( S1/~t - tf,Q~) - o(l (~. , Qt -[.t Q,) + o/4 (fE,'Q2 - ~f~· Q,) 

- «, ( ~.1 Q: - ~ ~J · Q) +- .,,j ~E, Q3 - ~ff 01) - 0(3 (&r, Q,. - bE,_ Q) 
\J( Cw) ~ -C/O, l cx/';,3 q, - ~'E.i q) -cx) , 'J Q4 -~c 4 Q~) '" "'" ( ~11 QJ - 6•)· Qi )) 

-1-e,K~l«,( .• ,o, - ~i Q) -..-)&.o .. • -he Q)+<>'.,(t . -bE .Q,Jj 
_ T' - , • f ' 1 ;, :3 

-C/q\ 0dffl Q, ~f4- Q)-xi~., Qt- 6r4,<: / '- w4- (~E, q-~, Q)j 

+ Cµ(C\\ ~.,( ~.l QJ- b,1 0)- ,,,,.( -~,· QJ -S[J Q.) ~ot/ \ Q1 - ~f~ Q, )] 



7,jF A P./5 .)><£ff 7 

V(CJ "" - C(C/2(5,/ ~'r -S,iQ)+c;,Cc)lS~Qf -bf,,_ Q)-½;(CJ1-(f;.,i Q3-£.i0) 

+c;J)/~.iQf -SE9 Q) -C,/O)~f,' Qt - [,f~ Q) +CJCJ,)fE Q3- (\J Q) 

-~(C)J E.;q- b,~ Q) + C)c)/~.,Qr - b6t Q)- C~(c)4(b,,Q~ - ~i Q) 

+ ½I((). ( ~i QJ -~J Q) - ½I <c1[~, 01 - 4! Q,) +c:,{03( ~. Q~ - i,, Q) 

\/(Ct\) cc o1,(c;,(q Q, -901 Qt) - ""3 (((()/~ -½,rqq)r o14 fr:;.<q Ql -(((), Q3) 
! 

-o(l (~(c)t'D; -C/q Q4)+0<iC)q Q, -CJ(~ Q)+C(/¼ (q Q-UO,Q) 

+ot,(½/O'r Q2-c/q o,)-Olic/09-.Q-C.Jq oJ~l)'/~10, Q, - ,rq Q.) 

- o:JGi(C~. Q,-((Oi ,Q)+c4CJq.Q,-(i(), QJ)-«/((q Q, -(;,(q Q) 

V(~~) =: 0•\(~r/i()1 - ~, (i<o+l -v/~t ½,(q -~E/Hrq) ... o-/~.-1~',(q -~~ r;.<q) 
-()I.( &r . ½!Cc)3 - & • . (;,(q )-r ,,'Jli, -l/cl- &, C,,((),,!-·,J if ~(q -fr ~((),) 

c 7 3 f I l • I J / -
-1-ar,( b&i ~{()). - 6ti ~ rq) -IX,((//(), - &.,· CJq )-r-ot4-(f.i~(()I - {,., (,/(ii ) 

- "',( S[/iC)l - ~,,:C,(O) t ~J &;/:;/CJ. -\ .vq ;-x,(b,//0;- ~r, ~ (c;; ) 

_H UJl..f&.R. 

0 = ~(() + ¼o + oiCN + $R~~R +-fCNp 

s~ /;. littPl> FC.lt ~ £ 

t- ' Q 
½, ,, ,, 
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~½Ip: [(~Ii .. ~ b,)JC,l(),r ·C/ct), - (611,r + ?!PsJJC)C)pr t CJC1)J 

IT ~Rpr ' 6R)i. p, - ( ~fl,
1 

..,. &fl:J pJ 

THE VALUE O~ ½i CRtCULPTfP i:rnov£ w,u NOW Bf uH:D IN TI-IF E !rJHRTtON 

OF CHo &: c ;io( ~R 

2 
= R +- ½lo + 0( c,,tX. 

C..,o ::. (Ri.O(, - -i:l 1.o<)/ 
7(0(i - 0/,) 

c~ = ( R
1 

- RiYcO(i - o<,) 

fr 5HOU () BE NOTH> ,~RT THE VRl U,S 0~ ¼o & (I-lo( RHtY To 1H£ PORT fl!LtRON . 

THE STl3D' R •LERON v1>tuts ARE N<JMER1CRL LY ri,E ,,.,.,,E n,r -r1-1E SJGN MUST 

BF I!£ VE RH D. 



SHEEI 9 

Rt- RI/GL/;S, V(LOCIT'IES ., ~«ELEt~TloNS, 8, HrN,c M0t1£NT5 A~t l)I STO~J/INCf VRCuU F f/OM 

r11E STClll>Y STRTE ()NUSS R Sl,l,F J)( I IS ITTMHEJJ IN "11//(1' CRSf THEY 111/£ STlROY rTRTe 

VIILU!S. 

THE 1'HTS S),OOLP GE f"/1/DE UY Dl~Tll~ BR/JCE FROM STelll>Y LEVEL F~/61'<, 01//ERWIU 

r,I{; T-Oll. OWIH6 £fu/fr1ol'IS l>O IVOT HOU) 

Er EYaroe 
$/l'{{E 7J,£ £STIM~T, Of~, F* O" 7HE sr,~01 n ~,, JJ NOT G>'PG(T£{:, ra ll( ~EL / 146l t: IT ""Lt 

8€° U -f S1it<ltT£f) lfe~F 

Now HOM REF I 

f1-1f 1/MP{ITIJOf & PMfHIN6 OF rµ l OSCILL f/TI0N s WOIJL O llF o6T /IINEP Q ( TlfC MFTHOD 

/NOilllU'> N Ru . 3. T11f f14 11SrN, ,s "E•S..11£1> ,✓, 8. r. o<. /lFTFI(, £t;u/lT1/.IG U/I L fl,. /M/16 1NFlltY 

1•AT5 0~ "f""/lf R8ov[ fl;. SNv,r,, , "TH( RESu~r,,. , <QNS . 

¼,,; = ( C hj - c, &, v ( a, /,.t - " 2 (r, ) 

¼~ =(a,c, - ai c,Y(o, fr,_ -a fr,) 

- c, ~ /( iR)o/! 1N /C,iR) -i. h, ,k,lnn.ls, .. ~ 1- P3 k4)9Js,,., rL -d's kc-19. l }1 r,LL 

- k,(i, -kts1N8)l6DI S!N~ 



a), =- k5Jq,lcod.:L k,( lt1,
0
1co5l.!1.. ,- IG,lco1~ 51,-1 G 

Uj ~ ~3i~.I 51Nd_ 

½_ : k3 / ~.le OS 13,_ 

kl • ~­
J'f 

/?
6 

- 4-IL 
I 

ti, = 4m, i/-l, , ,~~ 
c,. c f Stcl f 1, V, 

l , = (cos 1.(0$~£ .,. 5tN/,[. S/Nr SINb.)E~ 

I,.,: c o,Xi; ,SJNbE 4-
I f 1 I X I'' ,. 3 : - I I Xor • . 1 i!., ,. cos E u;t . l<fy 

+- < s ,N ;. 1. as c cos £i; + s 11,1 r s. ,~·it ) i?, ~y J 
1d, .,, Us,,,).'f !l,~:r SrNe f" cosXr cose),,,v$f .... ,:_o~r'sJN8 ,OS SE Jt? 



Tu t A1-1,u r ub£ i. Pt/R~JN~ OF T/lf osL1u,i-rtoN twcuu, !l£ cBTlltNi: O Ill' ,Ht; ,..,.,.,~,, OF 

Rn 2 . T IIE P>1as,,;G 1s 11£R~u~ E i> w. A., fJ . FI FTE~ & ~u.r,,,& M ~,. .1, ,,.,,~,,,u .,, P• . -._s oF TH£ 

P SOVS- i SO L'/11\' t.ii Tl'j:f R E'S.ui.r,rJ tS e .f?NS., 

¼p ~ c,/rr, 

½Ip =- C~/41. - l>)1/a, 1,-, 

Wuui; 

-c, :c /(,,(II). ls1Jc;,(IV + v il'/11) 5 /Na_ + k3C,,p/ p. l SIN 42- + kt. k.s lp,.,fs,,.,Le_ 

+ k, (k, f f.?,)/J,I S/N Li + k,,.. ~Fi /.,.;,h1N 0,_ 

- c,,_ = .(1-.17),irns~~ + ~k,, hi,,Jcn~UJL + k.3C.,pinl-asLE.. -- 1<4 R5if.f, osi..E.... 

+ ,~/;\ .1/7)/ ~lccs lp.. -+- k,i_. -~8 /,i)cos l:i 

I L / • / I ' V, ~ P.f . p. s /Iv /.E._ 

k7 = - 4-m. cosG.I, ; k8 = 4-13 ; 1::m11 

p SR c,. lr c~ tr f )µ v, 

Ii .:: ( S/N xf/ ccsr. SINf11 - '>/IYr cos ~ A )t;i 

I :t = ( 20RI, + sw XRfefJ; - <<>.s'XA. c.o~~q k,.~Y ) 

Ii "' ( :r.A L - cos X i:; SIN I ~R./ .;. (c.cs r ~IN ~~ - S(NXR,51Nr c.cs ER )k_q.y } 



SH[ff /'1.. 

PoRc Ru FRON... 
l,VrrH rH£ FOLLOWJN(, Vfl!u1;S •OR I Re W THE £Qt/S ;;oii ¼p 2c ¼p A~, r11r 

SFIHE fiS FO(< "(lff ~1nRBCRII.O fl/L£Rc;N . 

I, = - (s./N XR' co~r s IN ~I'/ + .S IN r. cos bf/ )tfl 

Il:: lo,,1, +- $/NXRkR: - cos Xr;.cos &R' kR~'I 

13 :: Xo_.), - co:, XA.SiNs'. kfl: - (cosr. SIN bll -t- SIN t.R-S//'{r.co.s S,)k/'l""Y 

W, =- - ( SIN Xp. co:;r. cos 9. $ /N bR + s,Nr. cos e co~ 6,) efl 
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RupD£ R 

0"' c;,(C)-.-p~I .,. %, ((1-1,_ - ~,ii) +(~ [ nl • pc.cseJ• p"'-,)15,CH,/4 

(,le)= ~('rl} ~ ft;,.( 5( 71t ,. t/-< os@1i - i 11 - p la - J f 11~) 

&. ) ' o -= r.,.JR .. !~ ... 'r.1 kJ111 +-½;p)"" 

➔ '/ k, (kl ~oiG +k, • ~/ ~,6;•) 

THr fllll'!.lf<>O£ g, p~q~'"'- . ,~!l• L-' e( oBr~,,.=o ~r r1'£ 1ffr11cD oF ::-r r-. l THF F1'1'1H,.,G H 

nt~~V~H II tT.f- '1FfIP tyl•A:"tN~ /MRG.iN~f( /?, f,£.QL />Pr>-,'5 !lr Tfff pr.ovi & SC<."..IIN(,, THE 

~ t-SCH 1 JN (> f~r,nln DfJt;: 

Cy~ ' (c,/1;_ C, (;,yr O,ifi - a, u) 

½I :::-(o,(i -a, c,Y{o.,tr, -a: &, ) 
'It 

l~ Uf'K f 

- r: , = 1 <:;y11)s1N&l!JJ + k,k, lrt),, ,..,,C!e__ +- b4-. k~ I p./s1N lp- + .~4- . k

1

JV sw/.J. 

+ k,(P, cos G-+ P7) I 0) s 'N 16 

-C1 ., /C/P>0/cos~~) -i ½-11 0.i -~1 /1,lr.,) cos l:!.t._ +t..'l k~f~/ co;L,i_ 

+ ~fly, l-i./co:,li.. +- k/r,cos'9 ... . ~1)/ f.,l co., 1$.-

0
1

'" k,int)s1t1 /2:!e._ ~ ~3 tx, )p ./S.'/'i iE_ - r~;/,1,.}51N2L. +-k, cosGl(f!.is11vi_l 

q• , ri,1'?7;)cos~ +- k3(>(,lp.lccs/.E.._ -i<,/ti..!,:;osi:::L ... 1<,cc£GJl<j) ccs /£ 

!.-, -= k3 f.-i)s 11-ih , ifi =k3h.lcos~ 

R,;< ~1.ZV,~ ; ,Q
1

: 4-J,mf<4,5R.c,lr ; ~
3

,. ~V, 

~5 :: -4 I3/c.)_, ; kb :: - 4-Ii,k,._lr ) k
7 

=c- 4-m. '•N:{c SRc~ !r 

I. = cosS;.AR 

1 1 =- cosX11 kl'.: + cos~(Xoii ~R -'-S iHXR.kRn:) 

J3 ::cSJNX R. ~ : -COS bR co~XR kRx" 
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