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Control Derivatives C'r;.

C B dCLt dat
BE " G, o 5> (dC,)/(da,) = |1ft curve slope of the tail
o "‘P—
Lae 6 —
dat ,
45 ¢
2
Relacion entre la superficie
de control (Sg) y la 0o 1 2 3 4 5 6 1
superficie aerodinamica (S,) \
Fig A34 sEfst
Cannard o Horizontal moévil S¢/S; = 1 (extrapolacion)
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Meétodo | Simplificado

Metodo valido para: horizontal, canard
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Control Derivatives

Método |1

Crs.

CLﬁe The change in lifft coefficient due to elevator deflection

C,, corregido 3D

GE&E =

ELﬁt
C
Loy
fua}CL
[uﬁicﬁ

Kb

Ingenieria

Aeroespacial -9

_ cla/ (ag)c,
W

Ky

C,, 2D

section |ift curve increment due to flap (elevator)
deflection (this derivative should nct be confused
with the rolling moment coefficient appearing in
the lateral dynamics).

lif+ curve slope of tail without flap deflected
(5=0)

section |ift curve slope of basic airfoil

= ratio of 3-D flap effective parametver to the 2-D

flap effectiveness parameter obtained from the
figure below as a function of wing (fail) aspect
ratio and the theoretical value of (oglgy. The
theoretical value 1s also given as a function of
flap chard to alrfoil chord.

flap-span factor which is = 1.0 for elevator
horizontal tail surface for |ight airplanes.

LV L R
\) \\_ 1/
fele, I\ )
(a’)e.m \\ (
W\
BN
N
Fig A36

{aC
{5)

(per radd)
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Figure B.2,3 Span factor for inboard flaps.
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Figure |6. Flap chord factor.
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(per rad)

Fig. 16.6 Theoretical lift increment for plain flaps. (Ref. 37)
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Figure B.2,3 Span factor for inboard flaps.

Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 8



Efectividad de las superficies de control

H g

Méetodo 111

1.0

& (perrad) 5 1
o
. \\\&‘hj\ see
N N N 10
X, %\ gy 0
.23 T
%113 o~
4 — Fig. 16.6 Theoretical lift increment for nlain flaps. (Ref. 37)
1 aC
Aoy = ~ %L 5
f
C., 95
1 i 0.9K,(3Cf) Stapped A
0 ] aaf aéf s"r St
| L
0 20 40 60 80
FLAP DEFLECTION, & (deg)

Fig. 16.7 Empirical correction for plain lift increment. (Ref. 37) angUIO de la linea de blsagra
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Fig. 16.7 Empirical correction for plain lift increment. (Ref. 37)
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Sﬂa
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45
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‘L Control Derivatives CLs,

Método IV — (mas preciso)

Crs, = Crphas, Crp, = pendiente sustentacion horizontal

The change in airplane angle-of-attack due to elevator deflection at zero deflection

Ci k' (555 )CL

o)

655 :Kb ]

s
(C; ) ( 8 Jineory c,
S Itheory “

h @M=0 (a5 €1

where:
, ; ) K, is the elevator span factor.

Método valido para determinar | o o |
€l is the denivative of airfoil lift coefficient with flap deflection.

- Canard

. (c: ) is the thearetical derivative of airfoil it coefficient with flap deflection.

- Horizontal 6/ thaory

e is the correction factor for nonlinearities at high elevator deflection angles

- V-tail (proyeccion horizontal)

€ . is the horizontal tail airfoil [it curve slope at horizontal tail mean geometri
“h @M=V chord at M=0 and Re=9x10"6.

{a"}:‘: is the three dimensional flap effectiveness ratio.
: i

Ingenieria
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i Control Derivatives - | CLs,

The change in airplane angle-of-attack due to elevator deflection at zero deflection

635 ' (aa)C'L

{Iﬁe :Kb ;
C
( ‘s )meory

( )

s \
8 = f ¢, “lay @u=0 |:> Fig A3

" (o)
h theory

- (@,

o, +

1—

Fig A4 Fig A5 Fig A6

_ C (aé')
(615 )theory f{ch {clﬁ} Ch (aé)c,- d g Ch

Aeroespacial
Thi - Urversided oe Sevite PO
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i Control Derivatives - |1 CLs,

The change in airplane angle-of-attack due to elevator deflection at zero deflection

K, - 1s the outboard elevator span factor.

Kp = Kbo _Kb.a' Kp, - is the inboard elevator span factor.

function of the elevator inboard and outboard stations, and the horizontal tail taper ratio

1) Determinar n; y n, - define la envergadura de la superficie de control (Fig Al)
2) Determinar An; = ny —n; (Fig Al) y utilizarlo para determinar K, = K, (Fig A2)

1.0
e
y 1-0 (=TT ——————— 1 R A _//
: 0 7‘&5
Kz } /7/’
B A ; . W/
i I
. . y V74
7 m ] i
i‘ An - E—-E—:D-E 2 /y
< % ] E n; E Mo
00 n 1.0 0
0 2 4 . K .8 1.0
N "I‘—‘J"-If? .
Flg Al Figure B.2,3 Span factor for inboard flaps. Flg A2
[*] ﬁ}enﬁen’a ) ! "}:r.
LR i L PR Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 14 U=



Fig A31l
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Figure B.2,3 Span factor for inboard flaps.
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1
where 1
|
i, Is the elevator inboard station in terms of the horizontal tail half span. D :
i
o, is the elevator outboard station in terms of the horizontal tail half span. i :
1 |
A is the horizontal tail taper ratio. ! |
{ |
| an
¢
I )
1 b
| )
N i o
- 0 ' !
. N
n Elevator span factor
{ wi— )-I

16

1.0
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Fig A2

Elevator span factor
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1.0
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8
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2 //y
0
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Figure B.2,3 Span factor for inboard flaps.
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Flg A3 CL(se

The correction factor for flap lift is obtained from Figure 8.15 in Airplane Design Part VIl and is a
function of the elevator chord to horizontal tail chord ratio and the sectional lift curve slope to

theoretical lift curve slope ratio: ; ¢
1.00 = —=
C
Cﬁg 1.0 | . ]U.gﬂ [ Ii'-"]1I1||!u:ur|,.-'
(s ) o | — '_—_:IE'%
theory . ’T— —— .
0.890
— 0.86
0.8 ___—-—‘_ ———— _J ﬂ,Eqr
0.82
0.80
o 0.7 ——=i ().78
Iy ____,...--"' 0.76
comm— ..-____.--'
o - " 0.74
06 0.72
I 0.70
0.5 —
..--""'"--
0.4
0 ib)
0 1.0 0.2 0.3 0.4 0.5
Inge. .. Eﬂa -
_ .
Aeroesp ‘.5'.?’_'?'.’-.:.- Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 18 @



Fig A4
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Figure |6. Flap chord factor.

Ingenieria

Aeroespacial
=i, o

fme

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 21 U=



Fig A6

\
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|

% K,m 1\\\ \ |
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¢t 5 \ \3\ g \\ efle
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° ki Figure B.2,2 Flap-chord factor.
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‘L Control Derivatives Cbs,

C =az Cp
Dﬁé‘ % Eih where:
Cr Is the airplane zero-angle-of-attack: lift
o coefficient including flap effects.
AR, is the wing aspect ratio.
C
o -2 Lo 7, Sﬁ CL € Is the Oswald efficiency factor.
Hp " T gAR,e Tpall | s, | e | | .
C'EEEQ: 15 the horizontal tail lift curve slope.
i 15 the horizontal tail dynamic pressure ratio
2ol without power effects.
Sk 15 the horizontal tail area.
p . . Sy s the wing area.
Método valido para determinar
- Canard
- Horizontal

- V-tail (proyeccion horizontal)

Se puede asumir como despreciable en 12 estimacion

Ingenieria

; o
Aer oegpgggg{ Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 23 *
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i Control Derivatives CMae

Is the change in pitching moment coefficient with changes in elevator deflection

L

C = ——
Ms, c Lse

Método valido para determinar
- Canard
- Horizontal

- V-tail (proyeccion horizontal)

o~
a
I

= Xac, — Xcg
Modificar brazo [, I:> L;

Xacy — Xcg

lvee Xacyee — Xcg

Ingenieria N
Aeroespacia; Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 24
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i Control Derivatives CY@;&

IS the change in sideforce coefficient with variation in aileron deflection

CYSa ~ ()

Ingenieria N
Aeroespacia; Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 25



i Control Derivatives CLg,-a

ailero effectiveness or " aileron power", is the variation in rolling moment
coefficient with change in aileron deflection

EKCLQ;J.H. T
b
Cgp, = ——————Jf_ C vy dy.
SA s,by ®
c, as a function of the spanwise distance cC =g - - Crp = root chord.
, P . 5 [1 E?f (1 -], R
Alternative method to integration o, . Sy ¢
Rep a :
i B Fig A31
Fig A29 _
Fig A30 p Y
- 53 - ¢ = e
d MI’J/ ’;’ll{. seal 4 ‘l— hs
§ e 5|
4 7
"4%% /:// g, /
/// i A . /
! a7 /1 /7 =6
% 17 : 7
Z 14—
/] :::]b—- / s ot B
°
a ! -2 3 4 Enenl.zﬂ unit ':nlisyum'.rleal - i
Ca/Cy angle of attack; 7.b/2
Figure 42. Values for (Cgg,/T) as @ function of the
Figure 40. TIllustration of strip integration. ‘igure 41. Values for T as a function of alleron extent of unit antisymmetrical angle of
chord +to wing chord ratio. attack.
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Figure 40Q.
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Illustration of strip integration.
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Figure 41, Values for T as a function of ailleron
chord +to wing chord ratio.
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Fig A31
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Figure 42. Values for (Cgg,/T) as a function of the
extent of unit antisymmetrical angle of
attack.
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i Contribucion de los alerones

= Se utiliza un método de franjas. Se divide los alerones en franjas

i Fig 31A
Considera el efecto de los 2 alerones
c s ) P COSARL. Brazo del momento de la franja
rﬁ —

a wa —

Si se emplea una sola franja se puede estimar la efectividad de
la superficie de control (aleron) dCL/daf en funcion del ratio de
superficies Sflapped/Sref

aC, (ac)’ S 10
= = 0.9K{ 557 ) “Dmeeed oo6p =
36 Noéy) ~S L 1\
P —— . " . - ] [y —— . | —
NN
S 1 T \\§‘]§-\¥L—\. :a !
3 Rl i
N K S=im Fig 31C
(Q_C‘-) . ‘“'I!ju
86, | L ]
(per rad) 3 4 \
1 -
= d T T ! ll
’ e | ‘ FLAP DEFLECTION, by ideg)

for plais fisps. (Bel. 37) Fig. 16.7 Empirical correction for plain lift increment. (Ref. 37)

) - — — — - N
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Fig A31A

, aC,
2TK aa,) Y:S; cosAp ;.

Fig. 16.22 Aileron strip geometry.
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Fig. 16.6 Theoretical lift increment for plain flaps. (Ref. 37)
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Fig A31C
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Fig. 16.7 Empirical correction for plain lift increment. (Ref. 37)
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‘L Método Generico < e

AN 20 (B0 A, o
12 N = VT —
1.0 AN
: 5o _
Fig 31F St 2
—
—
———
6.0 T T T T T =T 1
c
I ~ C
- <l (22 Cp=Cy| ==\ KK
- < s = l:a la 12 0 3 4 5 6 7 B 9 10 11 12 13 14 15 16
5.0 |~ 1
cf Cla 4 [p% tan? Apl?
45 0.15 Figure B.1,2 Subsonic wing lifi-curve slope.
’ 10.12 .
010 Fig 31E
v 40 0.08
12 P 006 -
{per radian) - 0.04 g
0.02
the=0 72 / ,/
30
7.0 / ,/
<
25 S
F.'.g g 58 /’/
-]
20 L
1’ / 6.6 /
% 0.1 02 03 04 05 //
. - 6.4
- H 6.2 0 0.04 0.08 12 16 20
Flg 316 Flg 31H Wing thickness ratio, tfe
(bl
ST T ehord iy o, Figure B.1,1 Two-dimensional lift-curve slope.
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Figure B.2,1 Control effectiveness for two-dimensional incompressible flow. (From Royal ? fon ¢ " 0 2 “ 5 8 1.0
Aeronautical Society Data Sheet Controls 01.01.03.) Figure B.2,2 Flap-chord factor. n=y T
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Figure B.2,3 Span factor for inboard flaps.
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Fig A31D
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Figure B.1,2 Subsonic wing lift-curve slope.
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Fig A31E
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Figure B.1,1 Two-dimensional lift-curve slope.
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Fig A31F
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Fig A31G

CLa
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Figure B.2,1 Control effectiveness for two-dimensional incompressible flow. (From Royal
Aeronautical Society Data Sheet Controls 01.01.03.)
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Fig A31H
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Figure B.2,2 Flap-chord factor.
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Figure B.2,3 Span factor for inboard flaps.
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i Control Derivatives CN;,

(jﬁ%a the change In yawing moment coefficientwith variation jn aileron deflection

Cg, = 2K CL Cpg -

Y spanwise distance from centerline to the inboard
n = [ edge of the control surface
by/2 semispan -3 _
Aw 20.5
-/
m=a
-.2 //
=
K
__"-_-‘_-It:s
=-.1
Fig A32

.25 -5 <75 1.0

n
Figure 435. Emplirical factor K as a function of n
for taper ratio = 0.5.
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Fig A32
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Figure 43. Empirical factor K as a function of n
for taper ratio = 0.5. -1 =
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Figure 44, Empirical factor K as a function of n
for taper ratio = 1.0.
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i Control Derivatives Cy;, Cr; ONs,

(:}Y%r is the change in side force resulting from rudder deflection.

|if+ curve slope of the vertical tall

= -V a function of rudder area to vertical
CY6 ay T )
R Sw tail area ratio as found from the graph

below.

-
il

(:ILg is the variation in rolling moment coefficientwith change in rudder deflection.
”

Coe. = ay T Ez_fg_ zy = distance from the x-axis to aerodyanmic
OR M E by center of the vertical tall

(::pJ5ris the variation in yawing moment coefficient with a change in rudder deflection.

-8 —
.6
SV R'V - 4 //
CngR == avilis, B, Nve 2L/
w Ow
Fig A33 /

A .2 3 4 5 6 7
Sp/Sy
Figure 45. Values for T as a function

of rudder area to vertical
tail area ratio.
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Figure 45, Values for T as a function
of rudder area to vertical
Taill area ratio.
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