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Equilibrado Lateral-Direccional

Tema 14.1
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- (mgsincgcosv +Fy.) Aerodynamic
: Qs center
Moment
£ - — L, r & I arm

3

' } yd - -
> Y Mecanica de Fluidos
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Vo A Wy
"'R.-, JV.p sinA 1
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Horizon
Yn
Turn Radius, R,
F
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Equilibrado Lateral-Direccional - |

Vuelo rectilineo y contante

— mgSln(b] CUSYI = (Cysﬁ| + Cyﬁ 6:1, + Cy,s ar:)qls + FYT\

0= (CIB[}l + C]héa: . Clh,‘sf:)qle + LT. P Componente de

/ empuje asimeétrico
0 = (Cpfly + Cyy 8, + Cy, 0:)q,Sb + Ny,

Sin asimetrias propulsivas, y con la linea de empuje neto pasa por el Xcg
LT, = NT, = FT,, =0.

Fallo de motor crea aumento de resistencia ‘ Momento de guinada adicional

Ny, + ANp = (Fgg)Np

Table 4.2 Effect of the Propulsive Installation on Fog; Eqn (4.72)
Type of Fixed Pitch | Variable Pitch Low BPR High BPR
Powerplant
For 1.25 1.10 1.15 1.25
Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 2 U=



Equilibrado Lateral-Direccional - 11

iEﬂTi{ET}PTI = yrr) — Tiyra,

b

Thrust induced rolling moment —— (1

i=n

Z Tiyr, 4

Thrust induced side force — JFp L%
' =0 "'

I
-

Thrust induced yawing moment —— |N;

Z Ti(x)r, — yr) + ANp

t=n
Ly, =Lt = [Z Ti(= zy cos @y, sinypy — yq sindy)jcosa, +

im0
Momentos = 0 ‘ +T‘[i§“Ti("TiC°5¢'r,—-“i“WT.‘ = ¥Yr,C08 ¢ COSYy )] sina, (3.92a)
Configuracion simétrica -
By, = Fp, = Z'll(costbr,sinwr) (3.92b)
i=0
i=n
Nt =Np= [Z,T‘i(xTic:«)S(])Ti Sinyy — yr cosr cosyp)]cosa, +
V=h
= [ T{(= 21, cosdr,sinpy, — y sinpr)]sina, (3.92¢)
1=0

B Estudio Completo — Necesario realizar simplificaciones

Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 3



Equilibrado Lateral-Direccional - 111

Configuracion OEI - Asimétrico

Lt = [Ti(zy cos ¢ sinypy — yy sin )] cos oy + [T;(xy cos G sinPy, — yo, cos Gp cosPr)]sina,

Fy, = Ti(cos ¢ sinyr)

NT = [Ti(le COS ¢Tl sin le — )'Tl COS {bT' COS wT‘)] COS 0.1 - [Ti(le Cos (DT. sin wTI - YTI sin ¢T,)] sin O.] =t AND]

the thrust-line incfination angle Pr

Figure 3. d Th nd Pitchi

Mo t in Stability Axes

Ingenieria

o .
[} Aeroespacial
T, ES - Leveetnatid ov Sevita *
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lateral thrust-line off-set angle, Y

Note: For an explanation of the toe—in
angles, . Se€ page 123.
T

Outboard Aileron

Wr, Y Roll Control Spoilers
Y L] Inboard Aileron
q} —
T —
r
&
lpT: J —
'\
qJT\ _*_ ————
)
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Equilibrado Lateral-Direccional - IV

Thrust-line — Fy Note: The left nacelle has been

T e tilted up for clarity only!

X
&y
Xs
z 7.
the thrust-line inclination angle &,
Figure 3. d Th nd Pitching Moment in Stability Axes

Ingenieria
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Equilibrado Lateral-Direccional - V

Note: For an explanation of the toe—in

angles, , see page 123. Outboard Aileron
T,
¥r, j Roll Control Spoilers
W _' Inboard Aileron
T 1‘— — T q /A
2
&
Wy X
37 ! lateral thrust-line off-set angle, Yt
T' 1 m—— L
Aer ge?,‘f?fff{w Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 6 U=
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Equilibrado Lateral-Direccional - VI

Si se asume que el angulo de ataque de equilibrio, y los angulos de
toe-up y toe-down son pequeios

Ly = Tizryr, — yr 1) — Tiyra,
Np = Ti(xppr — yrl + ANp

FTJ‘ - Tini T;, = Ticosdr cosyr, LI
-~
T; = Tcos@py sinyy,
T;, = Tisindy p
X \ Z

F .25 Location of -

Ingenieria
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Equilibrado Lateral-Direccional - VII

select

select

select :

select :

fme

Para un empuje (T) y angulo de planeo y

¢, B, 0, and 0,

: ¢ and solvllur B, 8 and &

: P and solve for ¢ , &, and §,
8, and solve for ¢ , P and &,

&, and solve for ¢ , B and §,

)

— (T—D)
= sin
4 W

[~ (mgsingcosy + Fy, )]

-Cyﬂ Cya. Cyar- Pﬁ“ as
Al ~ - LT
Cll" Clbﬁl (Jlﬁr J aa s = 9 qleE
Cr, G, G| (01 Ne - AN,
- = 1 1
q,Sb

Fallo de motor (One Engine Inoperative OEl)
= Avidn tiene que ser controlable en linea recta.

= Angulo de balance ¢p<5° para V>1.2 Vg
= Se tiene que mantener el flujo de la corriente pegado &, o §, < 25° (20°

como max)

F, Thrust induced side force F,~0
L, Thrust induced rolling moment L,~0

N, Thrust induced yawing moment N,~Ny + ANp,

Ingenieria

Aeroespacial -9
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Equilibrado Lateral-Direccional - 111

—(mgsincosy + Fy.) Cy,, Cy C C C
q,5 ¢ o yﬁ yf‘a jl|5r
— L., C, C C C C
7,56 e A= ™y My T
N, - N, O G
G Cru, Cny T
A . - :
Gy, (mg sm(_bcosy ; 2 er,) Cy,
q,S
G _ G
’ q,5b br
- N, —AN
£ 2 &
" q,5b "
Oq, = c C —(mgsindcosy +F,_ )
A 3‘]1 YE,.H Tl
qS
Cl Cl —]_’rl
F ba q.Sb
Cy Co -N;, AN,
. q,Sh
5y, =
Ingenieria A
; =
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Deflexiones Timon de Cola — OEI - |

fme

Analisis Simplificado
Ny, + ANp

0 = (Cof3y + Cy 8 + Cnﬁrarl)q]Sb + Np. ‘ Co b + Gy 8: + IﬁISb =0

Calculo de la cantidad de timodn de direccion requerido para condicion OEI

N, +AN
- Cn],.{3 - Tl— Sb <
5 = !
r Cnar
Estudio de sensibilidad: variacion g,U,,§,
Rudder Angle p =0
1:5, ,erdcgg B= <59 ﬁ

AN

+ 40 3 S

T +20 > TS = ‘ .!%
=~ h}\ \ e t

0 \ ] speed. U, —» .j.']{ V>1.2 Vg

N 40'+

Typical Maximum Rudder Angles

Figure 4.15 Rudder Deflection i trol a One Engine Inoperative

Flight Condition

Ingenieria
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Deflexiones Timon de Cola — OEI - 11

Es deseable volar con r0° para reducir resistencia

N, +AN, | Nt + ANp
— Cn - l_ 1 — 1 1
6 . “B qle 6r [ Cn qlsb
r Cn ar

&

Para deflexiones superiores a 25° el timodn de direccion puede entrar en pérdida

2(N7 + ANp )
- v, - . |
Fra pCq, ;.. Sb

Fijando 5.,

d

rmax

V... es la minima velocidad a la que puede ser controlado el avion en condicion OEI

Vme = 1.2V (FAR 23 and FAR 25)
Ve = highest of 1.1V or Vg + 10 keas (Mil — F — 8785C)

Potencia de control del timon de direccion

C

l'lar

Ingenieria N
Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 11 U=



Deflexiones Timon de Cola — OEI - |11

Cantidad de Timén de direccion se puede reducir si se permite ¢$>0

Variacion timon direccion

Vs Angulo de balance

Variacion timon direccioh
Vs. Tamaiio Deriva Vertical 900

Ingenieria

“ i
[} Aeroespacial
L rT—————

* Right engine inoperative

Y

¢ as shown
is negative

* Sea-level
¥ 270 fps
Rudder Angle + 30 7 | -
O , deg % 20
} r10
- 10 0 + 10

Bank Angle, ¢, deg —®

Figure 4.16a

Typical Maximum Rudder Angle

Typical Maximum Rudder Angle

Vime

+ 40 <
Rudder Angle | = — 5° j\
S, . de -
' T & 0.50
N
+ 20 —
N 0.75
NS 1.00
Factor times vertical tail size 1.25
| | | 1 1 i
200 300

Figure 4.16 Effect of Bank Angle, Vertical Tail Size and Airspeed on the Rudder

Figure 4.16b

Angle Required to Hold a One Engine Inoperative Flight Condition

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Deflexiones Aleron — OEI - |

Después de un fallo de motor, previo a la accion del piloto se produce
un deslizamiento
Ny + ANp
Bmax = = Cn,q,Sb

Analisis Simplificado

Para mantener las alas niveladas la cantidad de deflexion de aleron

C,
Lrl C (NTI + ANDI) - LT]
P

C B C, q,Sb

8, By
Para deflexiones superiores a 25° el aleron puede entrar en pérdida
(20° como max)

Ingenieria
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Estudio Equilibrio Lateral-Direccional

= Cuando no hay fallo de motor (aviones monomotores) Se determinara
a partir de fijar el angulo de deslizamiento de B=*15 °

= Determinar la cantidad de deflexion de aleréon y timon de direccion
necesaria para equilibrar:

= No tiene que ser superior al angulo de deflexion para el que el ala entra en
pérdida: Aproximadamente no superior a 25° (20° max)

Para un empuje (T) y angulo de planeo . _.(T—-D
b, 5:5:1 and §, puje (T) y ang P Y y=51n1<7>
— (mgsingcosy + Fy )
1
[~ ~ B - N n S
_ _ ("}'f'. (")'a* ("yar ﬁ q:
select: ¢ and solve for B, &, and O,
~ ~ - — L
select : B and solve for ¢ , &, and &, lr. [hﬂ 1{}' 63 L = < q o
select: &, and solve for ¢ , B and 9§, 1
C C C
select : &, and solve for ¢ , B and &, Ty T, Mo, 6[-J - NT - AND
~ - 1
| | q,5b
F, Thrust induced side force F,~0 L

L, Thrust induced rolling moment L,~0
N,, Thrust induced yawing moment N,~0

Ingenieria
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Viraje Estacionario - |

0=~ (Cp +Cpay+ CDihihl + CDéef)e])ijS + T, cos(¢pr + a))

. Rb
mU,R; — mgsinp; = (Cyf; + CY.-Q—[}] + Cy, 0a, + Cy,0r)q;S

Qc

— mU,Q; —mgcosP; = — (CLU + Cr oy + G 5 20,

+C, 1h + CL 0c )q;S — Tysin(¢py + ay)

Rb _
(Iz — Lyy)R,Q; = (C, By + C 720, eR cl&daa, + €, 0r,)q,Sb

Q,C
~ LuR;* = (C, + Cim,0; + Cy 26

R;b
[oQiR; = (Cq,B; + Cn5:— 30+ Cn, 8a, + Cn, 8:);Sb

+ C h + (:m{,,J 6el)q]SC

Sin asimetrias propulsivas, y con la linea de empuje neto pasa por el Xcg

Y: ™~ 00 gttt Y -
N : .
Horizon Ql = 1“)} sin q) 1
Turn Radius, R - R [ — ,lp I coS (b I
Horizon ywvw
P77 777777 777 777 7 7 7 A s r i 7 s 7 7 77 = — — —
Mr, =Lt =Ny =Fr =0,
Figure 4.17 Geometry of the Steady, Level Turn 1 I |
Ingenieria i _‘.}.r
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Viraje Estacionario - |

Condiciones de equilibrio en Viraje Estacionario

Turn radius

u,”
— — - R, =
W = Lcos¢, U, = Ry, g tanh
) n = 1/cosg,
SN
Q, = gsin“ ¢, 5 (n _% v gtang,
U, cos ¢, 1 1 U,
and
sin Turn rate
R1=gU¢1=n{gj n? — 1 L = nW
1 L Factor de carga
Y, . N4 . ‘ 1l’l
Horizon
Turn Radius, R,
Horizon ' w
Figure 4.17 Geometry of the Steady, Level Turn

Ingenieria

® ;
B Aeroespacial | Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 16



Viraje Estacionario -

: Rb _
mU;R; — mgsing, = (Cy f3; + CY.-Q_[}] + Cy, 0a, + Cy,0r)q,S
Rlb
R b
I, QR; = (Cnﬁ|31 + Cp = ZUI + Cna 631 + Cnaé )qle

Lateral directional-equations

N Cy.-bzglsjmq)

_Eyﬁ Cvee Sl T B 1
| I,; — Iyy)g?sin3 i
G, € C {63 L = {( “ yy)zg e C bgsm2q)

y o o q,SbU,“cos ¢ " 2U,
C C C 0
I Mg ns, “a,_ s I,,82sin3 ¢ . bgsind

q,SbU 2cosp 2U,>
:nﬁtg%espac:al

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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‘_L Viraje Estacionario - IV

By

and :

fme

ayy C.‘)"aa CYb, Cyﬁ C}’au CHT
b, €, G, where: A = C]ﬂ Clﬁa Cl&r
C 11 Cnﬁg Cnar Cnﬁ' Cna‘a Cnﬁr
A Cyﬂ a“ C)’a,
Clﬁ by C'a,.
C“p. €11 C"a,
bgsing 0, =
ay = — Gy, 20,2 : A Cyp Gy, 21
b2 U = Lyg?sinde  ghsing “ Cu by
S 2 Ie® 2
q,SbU, 2cos 2U
1 I 1 CnB Cnaa Cy
2 ¢in3 —
o) = | - s;n ¢ _C. gbsmcl) O, = i
q,5bU;"cos¢ 2U1
ﬁgﬁge?f’??f?f o Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 18
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Viraje Estacionario - V

A standard holding pattern uses right-hand turns and takes approximately
4 minutes to complete:

= one minute for each 180 degree turn,
= and two one-minute straight ahead sections).

= Deviations from this pattern can happen if long delays are expected; longer legs
(usually two or three minutes) may be used, or aircraft with distance measuring
equipment (DME) may be assigned patterns with legs defined in nautical miles rather
than minutes.

= Less frequent turns are more comfortable for passengers and crew. Additionally, left-
hand turns may be assigned to some holding patterns if there are airspace or traffic
restrictions nearby.

Aircraft flying in circles is an inefficient (and hence costly) usage of time and fuel,
S0 measures are taken to limit the amount of holding necessary.

Many aircraft have a specific Aolding speed published by the manufacturer; this is
a lower speed at which the aircraft uses less fuel per hour than normal cruise

speeds. A typical holding speed for transport category aircraft is 210 to 265 knots
(491 km/h).

Ingenieria A
Aeroespacial
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Viraje Estacionario — VI (Speed Limits)

Speed Limits

Ingenieria

Aemesp‘?“?f?‘_' Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 20 U=

Maximum holding speeds are established to keep aircraft within the protected
holding area during their one-minute (one-minute and a half above 14,000 ft
MSL — Mean Sea Level) inbound and outbound legs.

For civil aircraft (not military) in the United States, these airspeeds are:
= Up to 6,000 ft MSL: 200 KIAS
= From 6,001 to 14,000 ft MSL: 230 KIAS
=« 14,001 ft MSL and above: 265 KIAS

The ICAO Maximum holding speeds:

= Up to 14000 ft: 230kts

= 14000 ft to 20000 ft: 240kts

= 20000 ft to 34000 ft: 265kts

= Above 34000 ft: M0.83
With their higher performance characteristics, military aircraft have higher
holding speed limits.

.



Viraje Estacionario — VII (Speed Limits)

= Speed Limits (cont)

= In Canada the speeds are:

= All propeller including turboprop aircraft :

Minimum Holding Altitude (MHA) to 30,000 ft (9,100 m): 175 kn (324 km/h;
201 mph)

Civilian Jet
MHA to 14,000 ft (4,300 m): 230 kn (426 km/h; 265 mph)

Above 14000 ft: 265 kn (491 km/h; 305 mph)
Climbing during the hold:turboprop - normal climb speed
Jet aircraft - 310 kn (574 km/h; 357 mph) maximum

Ingenieri. a .
Aeroespacial
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e
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