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CCNTRCL SURFACE HINGE MOMEINT DERIVATIVES FROK FLIGHT TESTS

INTRODUCTION AND ASSUMPTIONS

Some hipge moment derivatives may be obteined by stecdy
atate tests, and provided thet the informstion le accurste
encugh,further devivativas cen be obtalped from ocecillation

teats,
The STEADY STATE teste should be as followe,

Elasvator

Horizontul banked cirecles st etesdy speed with zers
eideelip, or pull ups, The former alterpstiva is the most

practical, and the equatione in the form presented are equally
applicable to epirsl divee at gonstant YZ,A.5. or mach number

provided that the effecte of lomsitudirel accelerstion sre

lgnored.

The variables are, O , BA, g, r, and p, & to obtain the
darivativee with respect to all of thess paranmeters &nd in
sddition Cg _would roguira at leest 5 different pormel
soceleretions. Howaver the effects of paAr will be emsll

and consequently will be aseumsd zero., g ie sleo likely to be
sm&ll unlese high normel eccelerations are used, but ite effect

ehould bs included if only to improve the accurécy of the

other derivatives.

A minimum of 4 different normal sccelerationse 8 + «

required for each flight case,

Both eides of the elsvetor should be snalyszed eeperstely so
that & @ear ca&n be teken to elimipate any etrey latersl effscts

presant,
Allaron

} "z" barrel rolle.

The paremetere influencing the hinge moment will be
8 ; 5& and p. G will be & cometant for a given Tlight case,

It would appear ,”, that 4 different ratee of roll will be

required for each flight ocaes,
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Alleron oo comtinued..

However by alternstley adding and subtracting the contributions
of each aileron the pumber of r,o0.r's can be reduced to
2. This implies the asaumption that CHd&'QH are independant of
5

8a,

Ruddsex

Steady Sideslipe

The paramsters influencing the hinge moment will beﬁ, SR

and § . To solve for the derivativas with reapeet to the abovs
variablee and GH will .*. requirs at least 4 different sldeslip sugles.
]

It should be noted thet the effect of 0 1e really non linsar
but it is thought that a linear approximation will bs of some wvalue.

1t is e¢lsar from the above that to solve for the steady
atats derivetives for each control eurfacs at lesst 10 different
manosuvrss sre nasded for each flisht casas.

The OSCILLATION should be carried out from steudy level
fiight for simplicity's pake, and will provide approximate
valuse for an additional 2 derlvatives per control.

SUMMARY

The following derivatives can be obtained

Control Surfece Steady Stats Tests Oacillaticn 'lesta
Elavator UHO ) UHq CHS GH CH GH .
3 b g q . o]

Allerons c #} C G ]

H “H, "Hg “H Cg o

o, H.
Ay By, TP 2. B

hydder Uy G c

o, UHq Dl% CH GH* UH
’ : ﬁg pE
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NOTATION

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

In addition

GH Non dimemsiol hinge moment coefficient
hinge moment/ q bg Cy

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

Sy (A) Hinge moment coefficient applied by the aircraft control
systenm.

g WA
. G/
og. G / 3

AV,

Gug /o8

% g aCH/E;\,@
Cn, aqd/lbgj:

v,
. h T
R

L IST b

T // 11}*
G a(ﬁ dab
/it

Cyq Hinge moment coefficient for all augles, velocities {except
o forward speed) and accelerutions zero.
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NOTATION
SS control surface area
es control surface mean chord
; aircraft mean aerodynamic chord
o, normal acceleration
oy lateral acceleration

2

- A
q i

2

wing enhedral angle

sweepback of control surface hinge line

control surface deflection

53
/0 air density
’L{ rate of yaw in horizontal plane
1g distance of control surface og to hinge line
2
B2k
k¢ KA
L]
defined in Ref. 1
k.2 k
R' RIE-
xoﬁ
Io 8
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Notation ... continued...

§
%
5

general disturbance angle, veloclty, or acceleration of the

oseillation.

amplitude of the envelcpe of the oselllation at some mean

time.

phase lead of
/3 in the lat

, relative to Q[ in the lengitudinal oscillation,

efal oscillation.

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

Note that the foot, slug second, radian system should be used through-
out e

5T

FRICES
Allercn
Elevator
Rudder
Control Surface
Port,

Starboard

SIGN CONVERTION

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

1.

20

Jn

P1/F. AR Sl

71/STak/5

71/STAB /6

P/STAB/172
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derivatives from oscillatery flight tests
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Sreapy Srare Tpsrs
Tue wince HEMENT  CAmRECTED FeR mlsﬂflﬂ & GREVITY ErFECTS By THE  EQuariapt

oF Fep [ fSwoulp FIftT BE ODETHMED Tu rpic T SELTION SiNEE Rl VELOCITIES £ MtLEs  FRE

STEmnv STRTE’ N& EUPFICED WILL TBf UCED To DEMNOTE THIL

ELivRTs

O:CH(C] +C;‘|,€J+:=(C,,‘rK +S!C'_'_§ 4_3_7__—_1"?

E

<

Meow 1/ =59 S
—\';’3- ?ﬁ

g=='cos@sing = 3%5_,(95(9 sin'g = @ _JELJ

._CH(CJ:: CH° **"CH’“ + SE C”SL. + Qq""},

A DiFFERENT TRSES  SUEPICES | T 4-

G, =|"G@ =+ %‘ : A = VtC%VA
-Gl &, d+
SIMILARLY
Co = VGY/D 5 €y = VIG5 Gy - VG
Whire

A = %08 Q-8.06) - 46,0-5,G) v (5 Q-4,Q)
-m,fsﬁ Q- 5,0 + (8, Q- 8, B) -1, (6, @y-5, Q)

a8, Q5,0 - %5 @, sc,o) o(8,.Q,- 6. Q)

- o8, Q-5 Q) v (6, 9,-5,0) (5. Q,-§&, Q)
VG, =G0 (ol Qu-8,Q~en(hy @8, Q) - 8. Q,- 5, @)
oS, 0 & Q-8 G-, O)+auls, Q-5 Q)

-(_“H(C)Jioe,(gE Q2 % Q] x“(,_.}s Q* 50 "4.,:«4_( oE QJj

4 =

+ Gl - & Q)- (8 Q.- 6%@)*«3(%5, Q;oa.Q)}
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VIC,) = -Cll(8,Q,-8, Q)+ G048, -8, Q- G, G-5,Q)

€8,0, -5, Q-G8 Q- 5, Q)G G- §,9)

~GLO) 8,0~ 5, Q) + (08,0, -6,0)- G046, 0, - §,0.)
+GO(8, 9 -8, Q) - GL4,.0-§, Q) +GlOl5 Q-4 Q)

wwl = (GG~ 000, G - 560, 0, G100, )+, (10, 0, -C.0).G,)
—o {66}, 0, =500, Q+oa(CL0), Q -G 10 O+er (0 -0, 6,

ot (G0, Qz-c.fc)zo ~ oG, Q-G ). Rl +olC (0} - 50¢) @)

~ar (G}, Q,-C10, Ql+olGl0L 0 ~Gl0), Gy)—eelGlc), @ -C10) ,1,)

VIG) =5 Gl0,-4, (W u,r'sr GA-8 GO +l8, GlL-5 G)
w(sg G, -4 gmmi(s Glt)=5 GO l&, G0 -6 5

rei(§, @ &, GCh)- g(o . G0, W,,_(i G0, -5 61C,)

- (8, (m sz?@(c);u(bsf; 0)-5 G- «(5 .;.rc,:,.-;gc,,a}

17 wiLh BE NOTUEED THET THE GREME  [LXFRESStan 12 BgmmiT

FLEVHTOES B IF

AEHTICSL WITR TRET FATRE

SR |5 €tpb FCE
o3
Fid

™, i
‘-&* L el

‘-a‘fp'

THE L GuUATIONL FOR THE FLEvarar PRRFETIVES CAN fIE # bl Ful THE fuundf
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Em&‘ﬁou;
0 GO +Gy = oGy + §Cy, v 3k G,
IF PoRT & STHD AinEE MORENTS HARE SumMED

0 =+ GO Gy + Gy, (5, +5.,) + 2t G, G

v

PRONIDED THRT THE RILEAONS FREE F nithoR (MAGE OF ERCH QTHER N THE PLANE &F SrMMETRY

Mow SubTARCTING THE HINGE  MOHENTS
0 » Gl GG + 3G +=G) + G, (8, 5.,)
) DIFFERENT RATES 0 ROLL; SUFRICES P& A
F oy A
Cogy [(CH([J**F Gl p, - (G, 4GL0) Pj

[\bﬁpr ] 5"T:J)r -'DZ s b"p{ +(}st_% PFJ

Gy (8 h G0 -G - (8, -8, ) (G000, +C Q)
Egnpr n.,,)Pa [Rf 5n;;—; PJ

CALCULRTED FHBOVE WiLL Now BE USED /N THE ESTIMATION
(]

“'H(E)ST - Cﬂaﬁtgﬁ‘pr = é"sr-} 7= q,,o + or'q_‘p(

THE VALUE OF C""s
oF Gy.8ly

@

1

It

Z
R «G + =Gy
Ho (RZ'“J‘R-O’% )
ot~ of

C = (R! e ‘Rl)/("fz - o(‘)

Ir swou p BE NOTED THAT THE VALUES o:@ &C EPPLY TO THE PORT AILERON.
THE STBD' AILE RON  VALuES BRE NUMERICRLLY THE sm«f RuT THE SIGN MusT

M
1]

BE REVERSED.
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Oscirarion Tesrs
Hic ANGLES, YELOCITIES , ACCELERATIONS, & HINGE MOMENTS RARE DISTURBANCE VALUES FRoM
THE STERDY STATE LNLESS R Suffix | 15 BTTRrHED [N WHICK CRSE THEY ARE STERDY STRTE

VRLUES,
THE TESTS ShoulP BE MRDE Br DISTURBANCE FRer STERDY LEVEL FLIBKHT, OTHERWISE

THE FOLLOWING EQuATiaNS Po NeT Hab

Etevarop

Since Twe gsrmnrfﬂf% FROM THE STEADY STATE IS NOT GXPECTED TG BE RELIMBLE (T it

BE Ec-FSTiMATED NERE.

0= Q)+ G + 32 Gy +55 G

é(—Cp = —(Tinrﬁim 2!3_

g O =C6) + D(CH“ +?€“(q4g+cuﬂ) - n‘%iq"* - 9(“”@%1 C’kJ
Now FroM REF [

CQ=C(A) + _miy,_(I,i_(nﬁssm@)—Iéd,g + I3 - 9.%3_)
§he\ Y %

THE #E suLyime EQN. FOR THE HINGE HOMENT DERIVATIVES Can RE EXPRESSED THUS |
\
I & )l

0 =G(A) +al nk(k-G,) +Q,kj(kuc,,,‘_ +Gp) w4 bk, —okll, +558G, %)

THF RMBLITUDE & PHRSING OF TuE OSCILLATION SHOULD RE o8TRNER BY THE METHAD
noicates w1 Rer 3. THE Pumsing 15 HERsered wRT o, FIFTER EQUATING FERL B IMBSINRRY
PRATS OF THE RBovE £ SOULVING THE RELULTING EQNS.

Gy = (cty - L—,)/(a'{.) ~ab)
C,.,q -‘-’(arc, - a, .c,)/(o,t,Jh —at)
Waere
“ = 1 s [CulP). o b bl Jsimlma « by g, Lol <k kel Lsmls
= k(b - kysinB) |6 sinlS_
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g s H_‘H(.L?,g,Icos‘&f'r_-‘J_ < C,h:’%il -4, k,|n,¢|cosgjﬁ-._ + kyRyig, |cc-51|§r'_

~hoklg leos T~ k- ksin@)lekosle

A bjl?“ ;;w[qf - 3{ n%_lxmt'h_ + iac!.‘surl.’;"_.&n.r@}

a; = h5|9- conlt h‘l( |nnn_|coslﬁﬂ'_ + 18less e sin @

U = kyiglsinig-

l }2.3|3_,|wr.1_’k

Ro=st ; ke el 3 kB £ 5 Bg® “_4.“”’516-% k=21
2".«';'?' -P'SE{EI: Y, {."?Sfcs': 24

R 4L, ®m=dmW 5 Tome
6 € Adetet Ja i

I 2 (cas r'.fos3£ s SENFSJng){-:

T, = cosk sinbe b
I, ==1 Tx o Le, v cos Mkl
3 % (4 >4
+ (s vosCros by rsinllsind, ) I'F-xv }
r e B Y i
W, = s anlsn @+ cosX, cos @JSIN‘SF r cosl sinBros & }gg

Aue THE BBAYE EGNS RFRLY CQURLLY WgiL TO BoTH SIDES OF THL ELEVATOR
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Ricerons
= ({:J + & = [rT .
STBY miLeRon

C(() CJlR) + frg {;(n,«;cosa)f pl+ 2l +531~’)
?E“

0 = C,(R) *PC”JB t kiR +Ph3!r;1p* Pl’?#ks rQPJ + ;”2,()'@‘ thy) 4o k. kg
Tu: RMPLITULE % PHRASING OF THE DSULLETioN SHCULD BE GATRINED BY THE METacD OF

ReF 2 ;4 THE PHRSING |5 MERSURER w.k.?p_ Heter EQUATING AEAL & (MAGINREY PRaTE OF THE

RBOovE B sOLyiNG THEe RESULTING €685
Gop >/
A T

WhekE

—¢, = .fC,,('ﬂ) |sidG® 4 ik, | ﬂ,fsmf + by C., f{; sinfp + ke ky !p_,,f,wa
+ bk bl snLB + by by lafs i bt
== _"’_—r,'.'?,}(ll-'iaf- fﬂ{f} + rI?',EJ,'I?':(G!J{ os e + hj( “4p .céffcxr,LP_ R Rgif [ Gsif

+ Rf.rﬁ’é - ﬁ.‘?J.'I Q..‘I‘CGS Hr_ﬁ E k,’. ‘?s HICO‘E JriL

a =0 2 b= ﬁf:'p;;"smrfl_é_
& Jl/go-ll 3 {/2 = kg?_llllp;frtcdié.
b=gr k=t 5 kel g k= UL k= tD g = dmb
2"{1 F2aca E‘ ) 2V 4 £Y : G lr T ;*Ojn"‘ﬁ--'lf
= —4macos @1, 5 Rp= %1y 5 Temy
psAC;L' cq b !OSRV'

Iy= (sin Xo cosl sin€s — SNl cos 5,04,
diy =( I + an X kgy - cos X g coséq kgw)

i 1 (‘x% , = cos K sine[” hny s Lees Mg bg*swxﬂ,srmfﬂ, Cﬁsé’n)k.ﬂ.wj
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h}
W, = Lo, cosl " cos@ sy + sl cosB.cos b4,
LPoar Hurron.
Witw THE Fowomne vAwues zor I oW rye goms #or Gy @ Gy wiee The

SRME RS FOR THE STRRBONRD RILERGHN.

I, = - (s X, coslsind, + sinllcos )6,

A
I= zogIr v waakny ~ &8 X;:rmsgn'bn,y

I =2, I, —cos¥a sl ke, = (cosT sinby + sindqsml.cos, )h,,xy

W, =~ (sin Xy cosl” cos® sin b+ sinlTcos® cosS, )b,
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RupDER
= C(0) +ﬁ(;,f + ﬁ((mﬂ‘;ﬁl'w* (%; o, + ﬁccs@‘)*p%)%g‘;‘,é
CO=C R+ e (gl + geos@ls - 2.1, —p Iy - 37 W)
& : ..
Iﬁ' = (:H(F]) ‘LIBCH i ?Jr, Ib.,(k}_'\‘"r;‘- JI'-" P}?Jm'(:’Hf - r.' kf. 4 4‘){# (C:H -rn bé:?bo

+ ﬁk,(ﬁ;msc vk *(ﬁ” (ﬁ)

Tn; RUPLITUOE £ Pimiins  TyouLd BE OBTRINEDL NY THE NETHCD OF ver 2 THF FERSING 13

MEAL URED r-'.i?T,,ﬂ. ArTEp EGuATING IHASINERY & FEAL FRATS OF THE ABIVE § SCLANG THE
RESHLTING EGUPTIONS !

C.=flr f)/!c“if-ajﬂ)
[#4 :‘.’a.cl —a;a’,;} (q,u, -a,i,qj

WHEKRE

= 1 (o tsm | Gl®) 4k, b lsmiBe + by b lplsinip by kg lidsm i
v hlbeos®ak)dlonid
~; = IGMlcos (Gl Gy fal < ik, I feosine kg holplcosls
rRak ilcosld + kiRcos® gl dlcos g
o= kimJamloe « Ry lplmle. -k Vst +b cos®lglsmit

o kin lcos |y 1 ke lpdeoslp = by lnlensit « pcos®ldloos id

f

it

Boltolsinia, § b =kylricosia

&= T Ry Tehse ks Y ks Y TRY
R = AT/l k= BAL k=M ML S 1

L cosSK.é’R

S . LA i !

3. -CO,XR Ry * 5055;1(1@59( +.s,~XR_bm)

Iy =SJNXR%€,:; —COS«SR.wsXR__thE
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W = tosBleos &, 4,

Note TanT N utinG F’:“i;P&'t" THE CORRECTED vALUES NOT THE TRRCE VALWES SHOULD
B USED . THE CORREC TER VRLUES £AN RE CBTAMED BY THE METHOD INDICATED In REF 2.





