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CONTROL SURFACE HINGE MOMENT DERIVATIVES 1''ROM FLIGH"r TESTS 

IlrI'RODUCTION AND ASSUMPl'I ONS 

Some hinse moment derivatives may be obtained by steady 
state tests, and provided that the information ie accurate 
enough,further derivatives can be obtained from oecillation 
taste. 

The STEADY STATE taste ehould be ae followe, 

Elevator 

Horizontal banked circles at eteady speed with zero 
eideelip, or pull upe. The former alternative ie the most 
practical, and the equatione in the form presented are equally 
applicable to epiral divee at constant VE,A,S, or mach number 
provided that the effecte of longitudinal acceleration are 
ignored. 

The variables are, C( , SA, q, r, and p,J.. to obtain the 
derivativee with respect to all of these parameters and in 
addition CH

0
would require at leaet 6 different normal 

accelerations. However the effects of p,& r v11ll be ernall 
and consequently will be aseumed zero, q ie aleo likely to be 
small unlese high normal accelerations are ueed, but ite effect 
ehould be included if only to improve the accuracy of the 
other derivativee, 

A minimum of 4 different normal acceleratione is 
required for each flight case. 

. . . 
Both aides of the elevator ehould be analysed eeparately so 

that a mean can be taken to eliminate any etray lateral effects 
presant. 

Aileron 

l •g~ barrel rol le. 

cThe parametere influencing the hinge moment will be 
C(, DA and p. q will be a conetant for a given flight case, 

It would appear,•, that 4 different ratee of roll will be 
required for each flie}lt caee, 
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Aileron •• continued .. 

However by alternatley- adding and subtracting the contributions 
of each aileron the number of r.o.r's can be reduced to 
2. This implies the assumption that CH & ~ are independent of 

0 d. 

~ 

Steady Sideslipe 

The parameters influencing the hinge moment will be/3 J b R 
and Q. To solve for the derivativee with respect to the above 
variablee and SJ will.•. require at least 4 different sideslip angles. 

0 

It ehould be noted that the effect of Q ie really non linear 
but it is thought that a linear approximation will be of some value, 

It is clear from the above that to solve for the steady 
etate derivatives for each control eurface at least 10 different 
~anoeuvres are needed for each fli~t case. 

The O.SCILIATION should be carried out from ste~dy- level 
flight for simplicity's sake, and will provide approximate 
valuee for an additional 2 derivatives per control. 

SUMMARY 

The following derivatives can be obtained 

Control Surface Steady State Tests Oscillation 

Elevator u 

'J.'ests 

u CH 
%q' 

C Ho , Hq • OE 
CH H,, 

q • ex 
' 

Ailerons CH CH C CH CHY3 uH. o, ~ 'ligA p 
• ' p 

Hudder C CH c\ CH CH• Ho u 
' 0: ' ' (3 P, H-'C. 

i 

: 

' I 
I 
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NOTATION 

In the oscillation sectipn the notation of Hef. 4 is used, 
but in the steady state section since all velocities and angles 
are steady state values, the suffix 1 is omitted. 

In addition 

G H 
Non dimensi~~ hinge moment coefficient 
hinge momeny q ::is c::; 

~ lC) 

% (A) 

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

Hinge moment coefficient applied by the aircraft control 
system. 

d~Aoe 

~½il\r~, 
~~1~ ). v, 

~~/o ~5 

?:.~/a13 

d~/~~ 
-iv, 

~p.lrT 
,l v, 

~4t/o~ 
;. "• 

d~I~~ 
J..1/, 

CH Hinge moment coefficient for all angles, velocities (exc ept 
o foI'W!:lrd speed) and a ccelerations zero. 
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NCII'ATION 

control surface area 

control surface mean chord 

aircraft mean aerodynamic chord 

normal acoeleratio~ 

lateral acceleration 

wicg anhedral angle 

sweepback of control surface bi~e line 

control surface deflection 

air density 

rate of yaw in horizontal plane 

distance or control surface cg to hinge line 

defined ill Ra, .. l 
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Notation ..• continued .•• 

general disturbance angle, velocity, or acceleration of the 
oscillation. 

amplitude of the envelope of the oscillation at some mean 
time. 

phase lead of f , relative to C( in the longitudinal oscillation, /3 in the lateral oscillation, 

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

Note that the 
out. 

A 

E 

R 

s 

PT 

ST 

foot, slug second, radian system should be used through-

SUFFICES 

Aileron 

Elevator 

Rudder 

Control Surface 

Port 

Starboard 

SIGN CONVF.NTION 

The sign convention for control surface deflections and hinge moments 
are defined in Ref, 1, 

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

2. 71/STAB/5 

71/STAB/6 

4. P/STAB/132 

REFlcRENCES 

Control surface mass contribution to hinge 
moment - V. Baddeley 

Digital computer determination of lateral 
derivatives from oscillatory flight tests 
- M, Jenkins 

Digital computer dete rminntion of longitudinal 
derivatives from oscillatory flieht test 
- M, Jenkins 
Dynamic equations relative to body axes -M.Jfmhi n 



SnRJ>r Srnn °Tisrs 
7!/F-R.R/5 SH££T 6 

T11E HINGE t10HEN1 , co~tlicTED Fo~ ,,iEfir,a It, r.~av,rY irn-crs BY .,...., E9u •r10 {'1! 

OF- RtF, I 5 Jt OULl) FUH T gE Ol!TR 1N€l> . IN TJII ~; . S.fC T JIJN S INCE R(l Vft(J(IT!{I ~ ltf,J' L ~t ~ 11. E 

$"1EA),Y STRT€ , NO S"t1FF=.I(£~ WILL OE UtEb TD ?>tHOT"C' Tlfl.J, , 

Now -r, ' =# S1N/ 
V 

9, = -t. ' cos G s 1Nf ~ T . cos G SIN f =. Q 2f 

4- DIFFERENT CASH 5UFFICf S I T O 4: 

~ : - ½i(c), 0(' 6, Q, I == v (cfi.y d 
0 I I ' 

v 6 
I , 

I I I I 

- (H(C),, ext s [ + Q., 

$ /M ILRR.L Y 

cH~ = v<c11o(V L\ , c ijbf = v (cj~)/ L:, ; cH.,_ ~ v<½+.,>/ D 

W~fRE 

l1 = o</ 6, Q4- Sr.q ) - o(3(£, 04- b • . Q2 ) ,.. °"+ (~. Q3-~ Q) 
J 43 ; t l 3 l 

-cx1(~E -Q,,.- ~, .Q3)+ "'i&,Q'"- ~E Q,) -o<A ($;E Q3- bE Q, ) 
JT t j T t TI 3 

+OI,(~, 'Q, - ~t4'Q, ) - o<, (~. QI/, -6, Q) +-o<,i.(SE .Q, - ~E 'Q,) 
2r" I 'rl 1 < ~ 

- ex, (~, Q3-~r ,QJ + o<,(~. Q3- ~•. Q1) -o<3(S. Q, -b. QI) 
l l I 3 I .._ .:l 

\J(Cii ):: -(H(c)1fcx,{bf Q4- S, .QJ)-o<J(~, Q,- b£ Q ) .. o(,,(~ec -Q
3

- SE Q,)} 
0 l · ,} l Tf2. J. 3< 

+ CH (c)J, ,(~.3 Qf -S,
9 
0)- "",( ~E, Q

4 
-~,/~).,."'/£", Q3 - ~£

3 
Q,)] 

- C/ c)JdSE1 Qf -6E4, Q)- C>(i g,, Qf - 6£4Q ,)+O('+(Sfl q- sE,_ Q,)] 

+Cµ(c\f" ,(S, 0,- bE Q,) - 1,")6E Q3 - bE Q)+o<3 (6f Q - Sr .Q)} 
; 3 ,_ I J I I l c, I 
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v(CJ = -c;,ccH sf3Q't -ff1Q) +~(c>i~E2 of - ~{'I- Q)-½icqJ~.J Q3- 5£30) 
+ ½i (c)/~3 Q1 - [,£'1- Q)-c,Jq(~E, Q4 - £Ff Q) +C;Jc\J~E ½ - ~E1 Q,) 

-~ (c),( s,., q - $['1- q) +c,,(c),( sE
1
Q

1 
- &,~ Q,) -C)cJ'I-($,, ol -~1 Q,) 

+ ½J(C), ( bE2 Q3 -S£
3 

Q) - ½I (q(,S,, Q3 - 4-, Q,) +()()3( b,, Qi. - Sri Q) 

\)(CH,) = cx/½t(C)tQJ - ½,((Ji QJ- 0,/~(q Q, -(:;JCJ,QJt-«+ /~{q Q
2 
-(,.JCJ,Q) 

E 

- o<, (c;/0,/)3 -C/q Q)+ o<j ~(q Q, - c;,(C), q)+O(+(c;Jq Q-1'.;,(0Q) 

+c1,(~JC\ Q2-Ciq Q'l-) -cxiC/cJ,,..Q, -C(c), . Q,) -1-cx+('IO, Q, - c;/cJ QJ 

-o:l ~)c)3 o, -~(cJ,, Q) + o<)( ~(cJJ-Q, -(.<o, Q3)-0(i ½i<q o, -cJo, o,J 
v((;,'I) == o(J br//C\-6r//0t) -o,/6,'I- ~cq- bf,(CH(q_) + °"'I-( ~EJ ~(q - bE,i (,(q) 

-c:1,( ii.//C)3 -S.//q )-1-,,-/fEf(/cJ - a.,C/C)t)-at (~f3 ((c), -tCicJ) 

+d,( t .c;/c), - ~f ~(C)J-o<JSE.½f(q- &r C/CJJw+(cSE C;JCJ, - &E (,(c>;) 
"f ~ 2 -r 'f- I T ) I 

-c<, ( S,//c\ - ~E, (;,(c)J + c,(J ~E/,le), - SE, ~(c))- «)&.
2 
~(0,- £r, · ~(C),) 

RuoDE.R 
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½!,R = [<cJc)Pr ·Ci-U2 P, - (CiOp, +½J(C\J PJ 

[( SRpr T SR); Pz - ( sr:i,, + Sr:i,J p,) 

½ ½Ip O [( ~A + ~A)J iOrr +C/cUI - ( SR , + SRsr), (~ (C)pT + CH (0, )J 

IT ~Rpr + /;R)I P, - ( ~Rn -,- ~Rsrt -P.J 

2 
= R -1- cl-lo + 0( CHcx 

CH ;: ( Rl.Oi/ - n,. cx)/ 
0 1/(°"r o< , ) 

CH ::. ( R, - RiY(o<, - o<,) 
0( 

J, 5HOU D B E NOTEf> TiiRT THE VRlU ES OF½,
0 

& (I-lo< Rl>PLY TO 7'HE. PORT A I LERO N 

THE ST/3D' R IL E RON VRL~ES FIRE Nr.JMER1CRLLY THE SAME (J uT THf. 5/GN M~~r 



Osc ,u RnoN 17:s,s 

RLL ANGL£5, YEl0Ci1"1E5 > fl<CfLER~TiONS, 8,. HIN6E /10MENT,5 RR[ D1STUII_BRNC.- VRC~ES. F ROM 

TH£ STEf/PY sn,TE l)NLfSS R SUFFIX I IS HTTMHE]) , IN 'NH I CH CASE: THEY RRE ST£/IOY STRTE 

VIILUES. 

THE rESTS S/tOULV Bf HfrPE /!Y p1sr1,1~BRNC€ FROM STERDY LEVEL FL/611,, OTH eR.W/S£ 

THE F0LL0WIH6 E~uA-T/tJNS 1>0 NOT HOU:, 

E1 EYRTOR 

5JNCE 7Hf oST//'flfTE OF c,,
7 

F~0H Tllf SrEHDf 57~7{ IS Nn GYPl:CTED ro IN !!El 11'1/Jl e: IT Wil l 

B• ff" - ES7!MIITEP 1/EIIE. 

Now FP-oM Rff / 

IHE ~E sucrJN6 E.ty>I. Fo, TH€ H/N6E HOHfNT OE:!(1V/4T1vEs CRN 8£ £XPUS>ED THUS : 

f1![ flMPLITUOE & PHA~IN6 OF TIJE 05CILL/ITION SH OUL/) BE otrF11NEI> GY Tt/£ METHOD 

IIV 01cf/TE~ N RH . 3. THE PHIHIN6 1s HE•sun:o •✓. R .T. 0(. PFTEI< Ef<1!4TING /<CflL J<.. IM/>61Nl'/RY 

PARTS OF r11, /IBov(i &.. SCJLV1N, 7'H{ Rc!ULTIN6 t-QNS. 

½lo<= (c ~ - c,ir,VCa,G-2 -02 &;) 

¼q, == (o, c, - a,c,Y( o, lr, - a fr, ) 

- C1 = /CH(R)
0

/ SIN /CH(R) + k, R,/nn
0

ls1N bi_ + k3 k4/9J sJNL.1_ +1?5 k, / 9
0 

/ 51Nli_ 

- k,(k,- k1s1N8) I soi s iNUL 
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-C2 =\CJR>o/coslCiR) +- ~ /o<o/ +k,k,/71n
0

/cos ~ +- R,.k,; lq./cosL'.L 

+- k
5

. ki/9. lcosl:t. - k,(k1 - k~s1NG)leJosle... 

q, = kJ 19°'5,N!:L_ - k,( in,,/ ltND,_ + /e,ls ,N /Q.,SINe) 

a1- : k3[q,lwsl.:L 

U-1 ~ ~3\~,\ s1Nl.:i_. 

½ = k3 l~Josl1.. 

R1 = 4-m, I, 
f S, c, (, 

J ~7 = 4-m, W, 
fSEc,E 

1 , = (c OS r. cos bf t SI NXE SIN r SIN bf)(; 

I)._ "' cosXE.S!NbE ~ 

13 : - f L Xo, ~ Ii ~o, + cosXE co s r. kf; 

+ (s1N~ cos rcos£,; + SINrs,N6E )kExy] 

w, = { (s1NXE SIN r SIN (9 + cos xf cos e), /NSE +- cos/. SIN e cos 6E ]tG" 

Ru TIit R/30V[ r;rpNS. APPLY 1:,;iu~LLY Wfll ,o T!OTI-I 5IOG5 OF TJ-IE. £LtVATOf/... 



STB[/ R/LERON 

Tu. RMPurupf & PHRSIN~ OF r~£ osc1LLl'lT/oN !:H0ULD f!>E oarl'!INED r,y r-HE 11£TH00 oF 

Rn 2. THE PHSS/N& /5 MERSU~E/) 'N.R.T /3 . Rnu Etfu,r1Nb AE~~ & IMM,INRtY PRATS O F THE 

~&ovE ~ SOLV J NG THE RESULTING E<?NS. 

¼f "'c,/1r, 

Cup = C;/a~ - lr,1/a, lr, 

'riHE~G 

- c, ~ /C/R)J SIN~ + k, 1?1 f n) SIN L!l + k3 C+,P / p. / s IN lJ2_ + k,_ k, Ip) s1N I.E. 

+- kJk, + k7)/ ~/ SIN Lt.. + k1- kg /,;.Is IN !:i.. 

-C2 = ICiR)Jos~ + k,kJnf)cosC!!L. + kI 11 p/pJc.os /_p_ + kif k5 /p)cas/.E__ 

+ 'R. / k6 + k7)/ i/cos LI,. +- k'I-. k8 /-i./ cos /.d_ 

a,, 0 &, = ktlp./stNLE_ 

1.,;-2 = k'l-lp)c os i.2. 

k7 = - 4-m 8 cos G. I, j k8 ==-~ ,; 7= .J!l..iL 
p~~~ ~~ f~~ 

I,= ( s1NXp cos r.~1N~R- S1Nr'cos~R)f11 

Il = ( 20R [ 1 + 5/N Y.R Rp; - cos '/.. Ft' cos ~R k~xy) 

Ii :::: (x.J1 - cos X R SIN r kfl/ +- (cos rs,N ;;R - s1NXRs1Nr. cos SR )kR ) 
><y 
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Panr 811 FRON 

W1n1 THE FOLLOWING VRLuEs FOR I & W TH[ EqNs FOR ~P i CH
13 

RRr ,Hr 

SRME R5 FOR. THE 5TRR80FIRD RILERON. 

I,= -(s1NXR.cosrs1/\1bR +51Nr.cosSR)eR 

Ii:: s,J,,. SINXRkR:- cosXR.cosSR'kRxy 

13 = XoRI, - cos XR.~/Nr. kRi - (cos r. s IN bR + SIN XR S/Nr. cos SR )kRxy 

W, =- - (s1N XR cosr. cosf!J. SINbR + s1Nr.cosGJ cos SR) t?R 



RuDDER 

0 = C,JC) + ;J½il +%,(½i. -~,) + (~ ( ne + peas GJ_. pc,;,)~ ~/3 

½i(C)=CJR)+ if,c.( 3(11l ,_ ~co,G)J, - ,if;_ -pL- s/ w; ) 

& 
O = (~)R)+f½ip + -nrk,(k,+¼

1
)-1- pk3 cx:,C11i + pk+-ks +//,kJ½J11,-½i,)+.ik4-k6 

+ (I k, ( ki. cosG,J + k1 + ~/os~) 

THE Rl1PLITUO£ !J,_ PUH}/NG 5HOUL0 s, OBrRtNeD YY rHE HHHOD OF Rf F. 2 . THf PHRS ING /$ 

nrR SU~,D 1/.!.T.f- AFTER £9uAT1NG /MRGIN~RY I?<. ~ERL P~Rn OF THE RiovE 1k so<..v/N(, THE 

ReSmr/NG EquRno1-1s : 

~,e - (c,½ - c,u-,)l(o,lf, -a, u;) 

¼ :::(ah - a, c,(cq,Lrl -a1 &,) 
/1, 

l'IHERf 

- c, = /~(ll)0 /s1N/!JB.J +k,k2h)s1NCJL +k4.k5 /pJs1NL.p_ +1?4-.kJi) s!N[i_ 

+- k,{k, cos @+ k7) I 9') SIN l_i 

-C1 = /CiRl) cos ~ + ¼; ~) + k, k, /n,) C O) ~ + k+ ksf fo / cosl.p_ 

+ Pt kJ1-J cos li_ + k/ki.c os@ + k
1
)/ po/cos 4:i-

0
1 

= k,h)s1Nl11e._ +- R3'x, /pJs1NIE__ - kl1)s1N&L t-k1 cos8/rj./s1Nli 

Qi." i<,/~)cosL'.'.1_ + k3 D( 1 /pJc os /2__ - R3 h)cos/:1__ + k,cosG!0)cos /..£ 

u-, = k)'1.0 /s1N6.. ; u-,_ = kJ,iJcoslL. 

R, = 3?,2v,"- ; k2:: H,111"/45(1,.c,lr ; k3= ½v, j k4-= 1r-½'v{ 

k5 = -413/c);- ; k6 =-4-Ii/cRlr ) k7 =-4m, W,f 5
11

c~ /r 

I, = cosbr;_.RR 

l :i. = cos XR kR: + cosbR(x:0 /~ + s1NXR PR,) 

13 =SINXRRR: -cosSRcosXRkRx., 
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NoTE THAT IN IJSJI\/G p,,i; p &"v, THE CORRECTED v111uH Nor rHE TRllC£ VRLuss SHOULD 

Bf USED , Tr<r CORRcCTED V"ILUE> CR/V Bt O~TRINED B(TIIE M€TH0/) / N/)/CRTfD IN REF. 2 . 




