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CONTROL SURFACE HINGE MOMENT DERIVATIVES FROM FLIGHT TESTS

INTRODUCTION AND ASSUMPTIONS

Some hinge moment derivatives may be obteined by steady
state tests, and provided that the information 1e accurate
enough ,further derivetives can be obtained from oecillation
teste.

The STEADY STATE teste ehould be ae followe,
Elevator

Horizontal banked circles at eteady speed with zero
eldeelip, 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 VZ.A.S. or mach number
provided that the effecte of longitudinal acceleration are
ignored.

The variables are, O , SA, q, r, and p,% to obtain the
derivativee with respect to all of these parameters and in
addition CHowould require at leaet 6 different normal
accelerations. However the effects of p&r will be emall
and consequently will be aseumed zero. q ie aleo likely to be
small unlese high normel 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 1s « o
required for each flight case.

Both eldes of the elevator ehould be analysed eeparately so
that a mean can be taken to eliminate any etray lateral effects
presant.

Alleron
1 "g" barrel rolle.

The parametere influencing the hinge moment will be
o, SA and p. O will be a conetant for a given flight case.

It would appear . , that 4 different ratee of roll will be
required for sach flight caee,
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Aileron «s 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 CHOZ( cHd are independant of

N

Rudder

Steady Sideslipe

The parameters influencing the hinge moment will beIB, SR

and d o, To solve for the derivativee with respect to the above
variablee and CH will .*. require at least 4 different sideslip angles.
(o]

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

1t is clear from the above that to solve for the steady
etate derivatives for each control eurface at least 10 different
manoeuvres are needed for each flight case.

The OSCILIATION should be carried out from steady level
f£light 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 ‘Yests
Elevator v ¢ C
Ho | Hy CHS Cy 4, , 2 .
» 5, q ’ ‘o
Ailerons C C c c ;
H H Hg = Cy ¢
o, H.
a4, 78, e £,
Rudder Cy 033 C
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NOTATION

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

In addition

hinge moment coefficient
q 5g Cs

c Non dimensio:
H
hinge momen

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

CH (a) Hinge moment coefficient applied by the aircraft control
systen.
3/

Gﬂq (A dol

g, O/bS,
% BCH/a/a

3G /3p -

) / ffv.
W/ .

°H1.) 65%?_—

% abn/g,::

[}

c.. OG/yil

g /g_\/‘

Cy Hinge moment coefficient for all angles, velocities (except
(o] forward speed) and accelerations zeroc.
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NOTATION

control surface area
control surface mean chord
aircraft mean aerodynamic chord

normal acceleration

lateral acceleration
2
i
2

wing anhedral angle

sweepback of control surface hinge line

control surface deflection

/peg V1
air density
rate of yaw in horizontal plane

distance of control surface eg to hinge line

defined in Ref. )
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Notation ... continued...

general disturbance angle, velocity, or acceleration of the
oscillation,
3

phase lead of g , relative to O in the longitudinal oscillation,
/3 in the latefal oscillation.

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

Other parameters are defined in the section to which they are

appropriate.
Note ihat the foot, slug second, radian system should be used through-
out,
SUFFICES

A Alleron

E Elevator

R Rudder

S Control Surface

PT Port

ST Starboard

SIGN CONVENTION

The sign convention for control surface deflections and hinge moments
are defined in Ref, 1,
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§ 7YFRR[S SheeT 6
Steapy STaATE Tgsts
T/ve HINGE MOMENT | CORRECTED FoOR INERTIR & GRRVITY EFFECTS By THE  EQuATIONS

or Rer | swourp FirsT BE oerAmeDd. Iw THIY, SECTION SINCE #iL VELOCITIES & ANGLES FRE

STENRY 3797'57 NO SUFFICES WiLy BE USED To DENCTE THIS,
ErcvAror
0 =C,Q) +C + G + & C + 92 C
b . b T
Now ' =m3 SIN
73 swg
7 R 2
g== cos@s:m;ﬁ * Tag .cos@ sw)fzf

I

Q 2y
C

_CH(C): CHo + “CH(,( + ngHSF ¥ Qq‘%
4 DIFFERENT CRSES SUFFICES /ro4-

—C,.,’(C) , cg

l

A - VA

. CH (C) °(§ S[+ Q 4

SIMILRRLY

Coe= VIG)/D 5 € = VIG5 G, - VG A

WhEre
A = s, e sQ) - o4(6,Q,-5,Q) reals, Q-5 Q)
-a,(séj.q,,-g Q)+ (8 Q- 6, Q) - (6, Q-5 Q)
(8, Q- 5,.Q) - SQ -6,Q) (5, Q- 5,.Q)
-a,(sglofs‘].ozha1<sq.Q3- Q) =e(5.Q, -6, Q)
VG, )= =GO doa(5, @, -5,0)~on(8, -6, @)+ (55:Q,-6, Q)]
GO (6, 0~ Q)= 4(8.0,-6,9)+ (6. Q, -5,.Q)]
-G, hf(8 Q- 6, - 4(8,Q,-4,Q)+ (8, Q-6,.Q)]
GO fal, Qfsfj.@l) (6. Q-6,Q)+ (6 Q-§. Q)]
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-GOU(6,,Q,-5,Q)+GO(8,0,-§, Q- GOL(5,. 0 5,.Q)
+G 08,0, - &, Q)-GO8,.Q -6, 0)+GO,&G,- &, Q)
~GO(4,0,- &, Q) + GO0, - 6,.Q)- G450, - £,0.)
+G 08,9 -8,Q) - GO,.0,-§, Q) +G04(4.Q.-5,.Q)

VIG,)

V(CHBZ = (10,0, - G0, Q) - (G0, Q-G Q)+, (10, @, - G.0),6,)
o (G0, @, -G, (0, Q+4(G(C), Q- G0} )+, (G, (), -G,(0).C,)
+o (G0, Q-G 0} Q)= C (). Q-G (0). O,) + 2 (G, (0), Q- 61¢). @)
~a (G0, QG0 Q)+e{ 0,0, -G (O, Q3)-u(G,(€), 0 -G(C), G,)
V(G =[5, REORIRA W -eal§, GO 6, GO+ (8, i) -, G0 )
~ei( 8, GL0) 5 , G, )m(g G- &, G (O )-8 G0} -& G(0),)
reu( S, .g GC))- .g(( 5. G0) )m(sﬁ.g(o, 5 G(C))
—et (8 G 0), gfzg(g)wz(s ), sg,(c (&G0~ . GC),)

Ruoper
O= ClO)+C +wC, +§ G
= + + o +
TS s H RC—# +F H
o /o
Hean 4 oiererent cases
IT WiLL BE NOTICED THRT THE [ABOVE EXPRESSION IS ALMOST ITDENT/COL \WITH THAT FCR THE

ELEYATORS & |F

5? 1S READ FOR SE

g g
G o G,

THE EQUATIONS FOR TIWE [LEVATOR DERIVATIVES CAK BE usep For THE AUDDER
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&/LERON}
0= Gl0) +G, + =G, 5’ Gy

IF PORT & STBD HINGE MORENTS ARE SumMMED

0 + GOy GlChs + G (5, §0s) 2 G

PROVIDED THRT THE RILEAONS RRE H HIRROR [MAGE OF ERACH OTHER [N THE PLANE OF SYMHETRY

Now  SubTRRCTING THE HINCE MOMENTS
\
0 = G0~ Gl + 2(G, +=G) + q‘s;,(é”pr—

2 biFrereNT RATES o ROLL; Surfices | & 2

6o, = (66 Gl L) - (GLO, - GO)r,]
(65,50 £ -~ (8, S0k 0]
Gt [0y 80 GO -Gl = (55 + 80 (G (O + GO
)Zgﬁpr ’ gFisr)l‘ P~ (gﬁn 7 SRSTZ'P‘]

WILL NOW BE USED IN THE ESTIMATION

<l5

THE VALUE OF CH CALCULRTED RABOVE

oF CHO gl
O CH(OPT _CH<C>ST £ CHsg(gnPT - 8”51) += C_/o + a’g“

£
R+ G, * 2l

y (Rz.oq -R‘.o(%( )

CH = (R, = Pz)/(al—d,)

It swou p 8e norep TwaT THE vaLues of Gy &Gy
VALUES RRE NUMERICRLLY THE SHME RUT THE SIGN MustT

Gy

1

APPLY TO THE PORT RILERON.

The <TBD' AILE RON
BE REVERSED.
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Oscitearion Tests
HiL ANGLES, VELOCITIES , ACCELERATIONS, & HINGE MOMENTS ARE DISTURBANCE VRLUES FROM
THE STERDY STRTE UNLESS A SUFfFiX | IS ATTACHED, IN WHICH CASE THEY ARE STEADY STATE

VALUES,
THE TESTS ShoulD BE MBDE By DISTURBANCE FROM STERDY LEVEL FLIGHT, OTHERWISE

THE FOLLOWING EQUATIONS PO NOT HAD

SINCE THE ESTIMATE OF G,? FROM THE STEARDY STATE 1S NOT GXPECTED To RE RELIKRLE IT witl

BE  RE-ESTIMATED HERE.

O= GO) + «C,, + %%7% +EE Gy

& —Cp = —(n,, 1 esm@)_g_

; O = CH(C) + o(CHO( +?VE‘,(Q4%+C”&) = ‘n,,’%;qu& - e(suv@._g%{l.g&)

Now FroM REF |

CH(C)=CH(H) + omeV (I,i(n,,Jresw@)—Iz.o(,g + 1,9 - 6-\//1._@)
g 5Ce vi v

v
THE &E sutTing EQN. FOR THE HINGE HOMENT DERIVATIVES (RN RBE EXPRESSED THUS
N {
0 =G0 +aG + nhlk-G,) + i.kj(k»“gg Gy ) + g ok —oklly + 519G, KJJ)

THE AMPLITUDE & PHRSING OF THE OSCILLRTION SHOULD RE OBTRINED BY THE METHOD
inoicared ~ Rer 3. THE PrAsINg 1S MERsukep WRT o. FFTER EQUATING RERL £ IMPGINARY

PRRTS OF THE RBOVE & SOLVING THE RESULTING EQNS.
go( = (C{f; ‘Ca(’:)/(aa(’z —Qi(/',)
gq:(afcl_azc’)/(o'h“a 6—/)

Wuene

-C = /CH(H)OJSIN}C (H) + b,_kllnn‘J'Sm[""_ + ka,/q
- b’(k} —kler@)‘eojSIN&

.S/N[L

g9, Slqu’_ + kg /i’(.l‘;,,
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—i, = l\CH(H%)COSCH(vEJ + Cﬂx +k k,ln"olcosl"”_n e )?g.quo cosla
ks Rl lcosl% — k(- ksin®)lefosle

b

g, = k, 96 swli_ - b,(ﬁn,,ﬂ)sl/v['in_ + ‘90}511\/'@.5//\/@)

a, = ky 9 cosl% - R,(ln%’coslﬁn_ + 18Jcosle sin @

b = kg sl

U = hylg,lcosle

k’. =9t kz: ofl"E_IL 5 ks = by h‘}' _4""5_110(': k5 FEL
av? poeCeC 2V, PSeCeC 2y

Bz 4l 5 R=gmW o Tome
¢ C /oSEcEC /JSEV,

I, (cos M casS, +sinXe SINFSIN(SE)KE

I, = cos)(E_SINSE A
I, o1 5 v Ly « cosXeocos by
+ (sinX. cos T ecos & + sinlTsindy )k’EW}
W, = {(SINXE sinf sin® + cosXE.cos@)S/NgE + cosl sinBcos &, }\‘fg

AiL THE ABOVE EQNS. APPLY EQURLLY WELL TO BOTH SIDES OF THE ELEVATOR
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HiceRons
7= (C) & + o7 (.

1
STBY AILERON

CO=GIR) + me (gl feos &)+ p L+ I, + g
? R'A

O = Q(H) +PCHP + np kR, +Pk3g*p + f’k+(k5 fQ,P) + yﬁk,(k‘ 4k7) + 1 bf— kg
TH: RAMPLITUDE & PHRSING OF THE DSULLATION SHOULD RBE OBTRINED DY THE HETHOD OF

RFFZ - THE PHRSING (S MERSURED wAR.‘rﬂ_ AeTer EQUATING RE AL & IMAGINARY PARTS OF THE
ABOVE & SOLYVING THE RESULTING £ QNS

WHeRE

—¢, = G Isinlal® 4 by ng [sinle 4 kGl pdsinlp. + by kg [l sl
+ kb kAl snLB. + by kg ldfsin i
== ICy(AJeos Gl + bk I Jeoslne + kG, lpleos B + by kslilcoslt
+R (ko ko) dlcosld -+ ky kglifcasli
a =0 5 b= kplsinlE

a, - |l 5 Uy =Rlplcosle

R=gl- 5 Ry==4ml, s Ry=dle 5 k= LT o h=tI, k= 4mW,
%Vll ) PSHCH(’I ’ 2Y » a o Cﬁff 7 /OS:CRU

k)= —4mecos® L, 5 Ry = 41, 5 T=g
/ggﬁ,cpb‘ Cn{r’ pgpvl

I, = (SINXH cosl s — sinl? cos Sa)6,
I, = (Zon I, + v, kﬁ; - COSXH.COSSQ kgxy )

I=(x, I - cosXg sl kay + (cos sin 85 = sinXg sl cos 8n)kgxy>
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W, = (sinX,.cos[cos@.sin, = sinl” cos®.cos 6, )8,
E( )RT 5“ £RON

WiTH THE FoLLowine VALUES FOR I & W Twe EONS. FOR CHP %Cup BRE THE
SAME RS FOR THWE STRRBORRD RILERCN.

T, = - (sinXg.cos[sindg + sinTcos 8)4,

i

2
=21 + SlNXnkﬂy — CO8 Xg.cosgg‘/?nxy

L =2, I, —cosXgoml kpf, —(cos[ sinb, + sinXgsinl™.cos Sn)bpxy

W, =~ (sinXg.cosl” cos@.sin b, + sinfcos @ cos &, ),
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RuDDER

0= g(c>+pg/g +3Vf(%‘g[é)+(%'(nﬁ +¢m@)4p<x,)2—;gﬁ
Q(C):CH(Q>+ %Q( 3(775 + ¢cos@)I’ ~a], ——ij - 3;{ h//)

%
0= CH(H) +/8C”p + 7, k,(kz-pCHp)éL st“zCH/é + fbk4_k5 +4k3(q4_(;lp)+/ik4k‘5
+ g{fz!(kzcos@ +k7 + %Cos@)
THE RMPLITUDE 4 PHRSING SHCuLD BE OBTAINED BY THE METHCD OF ReF 2 . 774[ PHASING 15

MEASURED w.k.T./B, HFTER E QUATING  |MAGINRARY & REAL PARTS OF THE ABOVE & SOLVING THE
RESULTING EQUFH‘JONS:

Gys - (¢l - CZU,)/(QUJ -a,7)
C”’L :(O«Cz'aacl/(q/(fz'az[/;)

WHERE

~c, = 1G A sl 1 kbl fsmlm + by bgl plsinlp by by 1) sin s
k(b cos®+k)d[sinld
~¢, = IG Al cos (G + Gy Ja ]+ ki, I feos [+ kg kslpfcoslp
+ ko k1l cosli + k(kicos® + k)l 4, lcos LB
a, = klnJsinlme + Ryt plsinlp - Ryl tlsinle +k cos®lg.lsivl £
6, = kin lcos|me + ki lplcosle. - byl lcosia + kcos@ld.lcos 2
b = Rylaglsinle 5 Uy = kylaglcos e
ko= T2° 5 hz 4TmafSec, e k= A, 5 k= "2y
R =~4Ls /e lr 5 by =T/ I s ky =AM Sy b
I = cosb.4
I, =cos Xy k;; + cosbylxy ssinkohy )

- 1 —
Iy =sinXghy, = cosbpcosXohy
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W, = cos®.cos SR.ZR

NoTe THAT IN USING P, P &vU, THE CORRECTED VALUES NOT THE TRACE VALUES SHOULD
BE USED. | HE CORRECTED VBLUES CRN BE OBTRINED BY THE METHOD |NDICATED [N REF 2.





