TS, e 2.

AT e T T

Ingenieria

Aeroespacial
TR T

l:JYu + JYTU:I JYQ
Zy Lo
T —Za U — Za
el 4 (My+ Mr,) Hale
M i
¥ r - r
o v, Y.-U,
La+A1[Na+Nra] Lo+A1Ng LetAi N
[1—.-".-15'1]U1 1—41 Hy 1-41 5y
BilLa+Na+Nra  Bily+Np  BiL.+N.
(1—A 50 1-41 By 1-41 5y
0 1 tan &y
1
0 0 com by

X
( Zg+0r 1:I

+ M,

Lry
>+ (Mo + Mr,) %ﬂ

geosfy 0]

1
1
1
1

= a0 O O

i~ B

= 5

Tema 14.5

Sergio Esteban Roncero

Departamento de Ingenieria Aeroespacial
Y Mecanica de Fluidos
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Estabilidad vy Control Detallado
Estabilidad Dinamica

M;,

—geosBy | [ o X,
—g sin 61 . s
Uy —Z4 = + o z[-'i —Z4

0 q e
Q &G
0 0
Ya, ¥,
Lg,+A1 Ny Ls +A1Ns,
EiL—.sAﬁ'-“ir.s_q EiL_a,.il-?'&a,_ 0,
T—dA1 By T—A1 5, d,
0 I



Estabilidad Dinamica Longitudinal

Estabilidad dinamica esta presente si el

movimiento dinamico del avidbn regresa
eventualmente a su estado original. wd 4:

En el movimiento longitudinal se definen T —~™ T—-™
claramente dos modos: " e
- Modo Fugoide (Phugoid mode) : {: b KN

= O = Cte T
= Modo de periodo corto (Short Period) Fie 161 Sutc and dymamic sabiy,

= Vvelocidad ~ cte
Amortiguamiento del modo de corto

periodo: constant angl of stack 7 - Minimom speed

= Suave a alta velocidad y enérgico a baja. / /
Amortiguamiento del modo fugoide dificil de At : T N
concretar en diseno preliminar. oy~ Masimom speed
El control es fundamental a baja velocidad i e L Paied ]
para tener capacidad de rotacion en
despegue y maniobra en aproximacion.

be———+| ———— Short Period (several seconds)

Ingenieria

4 -
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i Estabilidad Estatica y Dinamica

(3
M (a) PERFECTLY NEUTRAL (b) STATICALLY UNSTABLE
[§-]] o

o

"

T 77T

&l

ao e —
TIME - TIME
(c) STABLE, HIGHLY (d) STABLE, LIGHTLY (e) STATICALLY STABLE,
DAMPED DAMPED DYNAMICALLY UNSTABLE

o

@

“DIVERGENCE"

Fig. 16.1 Static and dynamic stability.

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 3 U#
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Change
in Allitude

3

Angio o Atack

Ingenieria i
Aeroespacial .

Molion occurs al

conslani angle ol llhck/ /- Minimum speed
: Time

./Mulmnnpud

Ughtly

damped h———— Long Period ——
oscillation (order of 30 of more seconds)

Motion occurs al
Time nearly conslanl speed
- Short Period (several seconds)
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Analisis de Estabilidad Longitudinal - |

= Uso de la teoria de pequeinas perturbaciones
para obtener las matrices invarienteas con el
tiempo - Linear Time Invariant Matrix (LTI):
= U - forward speed
= o - angle of attack (AoA)
g - pitch rate
6 - pitch angle
0, — elevator deflection

i (X -|— Xr.) X, X — g cos #y u X

& Z Z o (Eq+1M) —g sin x E5.

. = Yi—Za Vi—Zs Mg (zha% Vi—Za "+ My .Z[1 Za de
q a2 + (My + Mr,) #2555 + (Ma + Mr,) =532+ M, 0 q g + Ms,

0 0 S0 1 0 4 0

fffffffff

u -
"
-, Aeroespac:al Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 5 U=
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Analisis de Estabilidad Longitudinal - 11

For the longitudinal equations:
mu = — mgcosB; + qls[ - (Cp, + ZCDI)“&* + (Cr, + 2C; )UL} +
u 1 Xy X1 l

C
+ ChS{U[: (Cp, — Cp)a - Cnﬁcae]

m(w — U,q) = — mgsinBl + ‘q'IS{ —(Cp, + 2CL1)Ul —(Cy + CD1)(I} +
1 L

-

= _ _ qc
+q,89— Cp, 2U1 CL30 CL&.,GE}

e

lyyq = §,S¢| (Camn, + 2Cm) -+ (Cany, + 20, )~ + C, @ + Ciny a} n
u ] 1 e o

_ _ ac qc
+ qISC{C " 30 + Cp, 30, + Cp, 0 }

where : q=é and w = U«

rrrrrrrrrrr

Aeroespac:al Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 6
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Analisis de Estabilidad Longitudinal - |11

perturbed longitudinal equations with dimensional stability dervatives

U= - glhcost + Xyu+ Xru+ Xqa + X; 0

Uja — U0 = — gBsin, + Zyu + Zoot + Z,& + 20 + Z; Oc
6 = My + Mpu + Mgt + My + M + M0 + M; 8,
q=0

+ state-space matrix model for the longiiudinal mode

..:Ela.rf.:q = .EI.I:'._I_I--I"-;-I -':5: LA E_l.-;.u_]E.'.:-.'.-Lrl'lM

L | R |

state and the control vectors

X =[u o g E]'—

L

U =[]

Ingenieria
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Andalisis de Estabilidad Longitudinal - 1V

Q:ll "E- 2" E:'

Modelo Matricial de “State Space”

7 {JYE + '};"-Tu:l '}ECI: .}fq _g C':I'S Ell
Zu _Za__ (Za+U1) —gsinfy
_ U1—Za U:—Za » z[ ~Zs Uy —Za
MaZu | (M, + Mz,) MeZa i (M, +Mp,) MalZaf0) o p
0 () 1 0
- -..Yéf -
L5a
['ri—gﬁ 5
M E.gi_. 1. €
P + M
! 0 _
Ingenieria N
Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Analisis de Estabilidad Longitudinal - V

Derivadas de estabilidad dimensionales

w 7,8(Cp, + 2Cp ) , — q5cCy,
- mU, o 2mU,
_ q,ScC
q;5(Cr,, + 2Cr, ) ~ §,5¢C, Mo o R
T, = : 1 Zg = . T 1,
: mU, 4 2mU, vy
) ,
I - q,5C;, v, = i3¢Cm,
a” m 25, = Tm & 20U,
_ q;S%UCp, + 2Cp) B
— 4;5Cp M, = Iy,U %5 Cr
X = S yy“1 Mg =
S, m ZIYYUl
T qS(C, +2C) q:5%Cpn, +2Cp.)
b mU Mr, = : ‘ q,S¢Crm,
o Iyy
—4;8(C + Cp) q,5¢Cn,
Z = M = remeeemmmam e
o m o

Ingenieria I yy
) -
Aefoesp@?f?{' s Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 9 U=
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‘L Formulacion Pamadi -

Fablo Garciz Mascort, Universidad de Sewilla, 2014

4 TablaDerivadas = | =
Lengitudinal Lateral
Cx_alpha 0.2339 Cy_beta -0.2738
Cz_alpha -5.0523 Cl_beta -0.0094
Cm_alpha -0.1735 Cn_beta 0.0543 Ta————
Cx q ] Cy p 0.0272
Cz g -3.6216 Clp -0.4081
Cm_g -8.2817 Cn_p -0.1196 Trim Lateral
Cx_u -0.0710 Cyr 0.3356
Czu -0.3085 Cl_r 0.1530
Cm_u 0 Ch_r 0171
Cx_alpha_dot i} Cy_beta_dot 0.0637 Dinamica
Cz_alpha_dot 61.8215 C|_beta_dot 0.0080
Crm_alpha_dot 5.7756 Cn_beta_dot -0.0289
Control Longitudinal Control Lateral
Cl_delta_e 11440 « Cy_delta_a 0
Cm_delta_e -3.6608 | ﬂ Cl_delta_a 0.1541
Cn_delta_a 0.1225
Cy_delta_r 0.1334
Cl_delta_r 0.0121
Cn_delta_r -0.0537
‘ Exportar Datos

Volver

b

Ingenieria

Aeroespacial
T -
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mulacion Pamadi - |11

‘L For

—[(C, +&C, Ju+(C+5C., ) Acr X = AX +BU
de‘ m, -
C .6
+|:(-'1qu1 +§1 (”"1+C:qf‘l)]q+(Ct9+§IC‘29}A9+(C1::5 +‘:DIC )‘&é‘ ] {-:":1 :ﬁ
dAa 1 .
= [C.ut+C Aa+(m, +C,¢)q+C, A8 +C.; AS)] R

dt (m, —C_,c . . i i e T om—C g

d 1

Yo [(c +EC ) u+(C,, +EC, )Aa _

df I mu i mer o 2m C B I}

M n, = = I,=
= . EC A P S pU_S 2U, lpU e

+|:Cchl + 52 (”" 1 T C:qcl)] q + (:PEC:HA + {:Cmcb} +(:PIC:5., )A' e]
dA@
a2y g

dt

X, =U Y, =Aa X;=¢ v, =Af
X dyy dp gy b
Y= X5 4= y Ay Ay Ay B- b, =5
= A= — =0,
X3 3y 3y A3z Ay b,
Ny Ay Qg gy Ay | _bel_
Ingenieria )
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i Formulaciéon Pamadi - 111

e - v = v
— Cru +g1C:u _ Cxﬂ' T glt:_‘:-::xr _ CHIFI +51(F”1 + C:‘ICI)
ay = ap; = ap =
n, m, 1,
Crﬂ + gpl C'ﬂ Cﬂi Czﬁr ?”1 T {f‘—_'f_i"l':‘1
ﬂ' f— - — il = {1 Y {1l =
14 21 22 23
m, m, —C_,c, m, —C_.c, m;, —C_,¢
v E g E
_ C:H (o = Cmu +52(:'u (on = Cnﬂ +52C:a
yy C 31— 7 32 = 7
My =L 66 ¥ 1
= : £
- Catem+C o) - 5,Cy
ay; = Ji 4 I
¥l ¥l
a,, =0 a, =0 gy =1 y =0
, f =
Cys, T61Co, Ces, Chs, T6:Cs
= E}Q = E}E = b4 =0
+c,C._. I
m, m, +¢,C_, p
Ingenieria N
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Conversion nhomenclatura

Cp = Cp, + Cp, C,+Cp, C

(Xa = L1 = Co, Cr = (Cpy + 2Cp,C;)C
Cz, = —C, — Cp pg = (Cp1+ 2CprC)C,
Cr. =C C U8 Vs
CX - _SCD - CD Ty — =D MTu - Txu
CTxu - _3CT
CMTa =~ 0
Cz, = —20, — Cp, Cp, =0 c 0
Mr,

Cxq = —CDq

Czq == _CLq CDq =~ O

(xe = ~Cpg

Cza - _CLOL

Ingenieria
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Analisis de Estabilidad Lateral-Direccional - |

= Uso de la teoria de pequenas perturbaciones para
obtener las matrices invarienteas con el tiempo - Linear
Time Invariant Matrix (LTI):

= V —side-slip velocity
= p—roll rate
= I -Yyaw rate

— I .
= ¢ - bank angle A = ]ﬁ B, = }ﬂ
= vy - heading angle X 2z
= 0,— alleron deflection
- Y . - . - - N N -
1 1—-;1 ¥, Yo -0y geosty 0] 37 Ys, ¥,
La+Ai[Na+Nrs] Lo+AiNp  L.4AN, 0 0 ﬁ-u+=41 Niy L t+MNs,
T=A1 BT, I~ 1-A R P -4, B, 5
_ BiLa+Na+Nrs  Bil,+N. ByL. 4N, 00 r Bi ﬂ'-sﬁr-“*u Bils, +Ns, a
T-A:500 4l 1-AF 1—A By T- A1 By i
0 L tamfy 0 0 f[° 0 0
/ I 0 0 ok 0 0jL¥ 0 0
Aeroesp ‘?9@ Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 14 &



Analisis de Estabilidad Lateral-Direccional - |1

For the lateral-directional equations:

m(v + U;r) = mgdcosO; + QIS{CyﬂB + CYPZI;IJ) + Cy, 218 + C, 6 + C, 6 }

_ | pb.

h

r

o an, pb b
Lot — Lgp = T,Sb Lcnﬂﬁ + Ca, B+ Ca,g5+ Cagg—+ Ca, B+ Cn, B }

where : p=cb, I'=’LiJ and v = U,

rrrrrrr

@
u Aeroespac:al
iy,

;-"}'A
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Analisis de Estabilidad Lateral-Direccional - 111

The perturbed lateral /directional equations with dimensional stability deriva-
tives become:

IB—I—Ullp—g¢c0381+YBB+Yp¢+Yr1p+Y d, + Y, 6

¢ =AW =L+ Lpp +Lap + Ly 8, + L, A, =§i
¢—'E1¢—NB+NTB+N¢.+N14)+N6+N6 :
B, = X
p= ¢ 'tpsm®1 Iz
r = 1yPcosO,

state-space matrix model for the lateral/directional mode

Niae = B2

Lot

':]--!-:E‘l‘--!-:t + E.! J--B-!-:n!'[ lat

atate and the control vectors

- ) 9T
XNz = [ Bop v od i ]
. - T
'['lfat = [ é'-:l L ]
Ingenieria .
Aeroespgg@__& Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 16



Analisis de Estabilidad Lateral-Direccional - 1V

Modelo Matricial de “State Space”

_ . _ [~ }-I.l r r T
3 o, Yo Y, -1  goosdy
o Lat+A|Na+Nra]l Lp+ANg L.4AN,. (0
p T—A:50h -4 5 -4
7 — BiLa+Na+Nra Bilpg+Ne  BiL.+N. \
. (1—A 150 1—.441 Ey 1—41
@ 0 1 tan by 0
|II 1
L .Er.. - | I:I I:I m; I:I
Yia ¥s.
Lg,+A1N; Ls_+A1Ns_
—_ 1—4, 85
E'iL.s,,_El'-“:'lr.s_.,_ BiLs, +Ns, 0,
1—A1 By 1—A;1 B -
] [
Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Analisis de Estabilidad Lateral-Direccional - V

(me

) qISbclﬁ Derivadas de estabilidad dimensionales

q,5Cy, L
Y, = p
p Il Ixx
N, = q,5bC,y, N = q,Sb2C,
B~ r =
q,SbC L = IS, ” Hatl
— 11 Yo p =
P 2IxxU
g XX\“ | _
ms q;SbCh, q,5bC,,
NT = b Na — i
q 2 d IZZ ) I'z.z
7,bC, e
Y, = f r =
" 2mU, 2L, ~ )
TS, TSHC,
P o,
= SO q,SbC), 212U, I,
Y. = q Y, Lﬁ = <
8, m ) Ixx
CNT,B ~ 0
qlSCYas, L. = qISbclar
Yy = 3
' Im Ixx

Ingenieri a T
. %
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‘L Formulacion Pamadi - |

— le
I : IxIIzl Ijgl
ip_[ 1 VU S A
AT 207 ATT I I
Atz Faml
1 _ . I3 )
P= I_[Cwﬂﬁ-l_ Cfﬂblﬂﬁ+ bC,p+bCpur+1I _7+C; Ao, +C5 A0, ] 3 lptfng =177 v lﬂi I,
xl . ’ 1 :
Jrx'l = Ixz
== - ' ) - © Lo
F:I—[Cnﬁﬂﬁ+ CbAB+bC, p+DbC r+1 ,p+C,; A0, +C,;Ad,] 5 PU. b
zl 1 Zbra
5] [A5 _ _
Y ﬂ@" tyy Gy dyz Gy Gys o _
2 a, a,, da, a, da 1 Y s
_ _ 21 22 23 24 15 )
X = Tg - p bjl EJQQ L" - 1lc'l
X Ay A=lay ap a5 4z G B=l AS
4 a (l a « a 3l 32
41 42 43 44 45
el L _b41 E]42_
(951 A5y Os3 dsy dss |

Ingenieria

@ ;
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Formulacion Pamadi - |1

Ingenieria

Aeroespacial -9

_ C:vﬁ' q.. — C:w" a.. = C}Pbl
12 13
m —bC m —bC m —bC
m, —b,C
HH _ 0 q.—=— 1 1~"yr
m, —bC .
1 "17yp
ty =0 ay =0 ys =1 (yy =0 tys =0
ay =Cpl 1 +Coply +&hay, ay, = &bay,
ay =Cbl,+C I b +¢bayg a3y =0
ay5 = C.Erblfi-l + C-nrf:;zlbl +&bay;
gy =y = g3 =y =0 g5 =1 as; = Coply +Ciply +Sbjay,
as, = &ba, as; =b(C, I, +C,1 +6,a;;)
as, =0 dss = b (Cnrir;l + C{rf;cﬂ +&,ay5)

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



Formulacion Pamadi - 111

C_ s
vty bl

Cmﬁr
b, = -

P (o —bC )

by =0 by, =0
by =Ci5 11+ Co5 Iy +Sihiby by = Cis 1.1+ Cos Iy +Gibiby,
b, =0 b, =0
bsy = Cys 11y + Cis Iy + Sibiby by = Cog I+ Cig Loy + Sabibyy
é:l — Ilefﬂ +I:s:1Cnﬁ (.?1 — I_rlCnﬁ +I:E1Cj!ﬁ

Ingenieria
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Criterios de Estabilidad Estatica

= Longitudinal:

= Cy o mustbe zero.
. 5CM,I% must be negative.
a

= Lateral:

. CI must be negative with magnitude half of Cn
p

= Dynamic lateral stability criteria :

Ingenieria

Aeroespacial

=« Class airplane | Flight Phase regime A:
Minimum Dutch damping ratio of 0.19
Minimum Dutch natural frequency 1.0 rad/sec

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Table 4.1 Criteria for Static Stability of Airplanes

. Perturbed Variables
Forces
v w
u v W = g = — r
and B U, U, P q
moments
a(FAx + FTX)
Fuo +Fp [ <0
= CDn > 0
p(Fa, + Fr)
F, +F, av___ <0
A, Ty
= CYB <0
", + F
a(rdzaw TJ <0
Fa, + Frp,
e CLu >0
(L + L) (L, + L)
L, + Ly B 0 <0
= C <0 = (C <0
B P
(M, + My
6(MA6+ MT >0 %2 >O a(MAa+ MT) <0
M, + My d L d
= Cp, >0 = Cn <0 = Cp, <0
A+ N T
N, + Np ap
==Cnﬁ>0 = Cy <0
Notes: 1. All perturbations are taken relative to a steady state: U, V|, W, P,;,Q,,R,
2. Blanks in the table indicate that there is no stability consequence
Aéfdegpgg{'?{ Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 23
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i Autovalores

Autovalores B n — parte real del autovalor
l=nFo O

w — parte imaginaria del autovalor

w, = Vn? + w? — frecuencia natural o= w /1 e
- n
§ = —— — amortiguamiento :]l ll:
" n=— Cwy
Time to double or half
0.693 0.693
tdouble OT thaif = in] = ]
n
Cycles to double or half |- ¢
w
Ndouble or Nhalf — 0110m — Ollol—gl
Logarithmic decrement
et B  _ 0.693 0.693
6 = loge en(t+T) —nl' =2n ) C_,Z__ Ndouble - Nhaif

Ingenieria N
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Aproximaciones - Longitudinal

short period undamped natural frequency and damping ratio:

Z

— (M, + =4 M.

. N Zan _ M E _ ( { U] (1)
Ny ~ UI a 5P zwnﬁp

autovalores

—_— . 2
Sgp = - t.:spmnsp T anﬁp\/l _ CSP

phugoid undamped natural frequency and damping ratio:

Wy, , = — gz"- Con = = R
Noh U, Ph 2mnph

autovalores

. 2
Sph — - ((;Phwnph = Jmnph\/l B t“ph

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 25
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Aproximaciones — Lateral-Direccional

dutch roll undamped natural frequency and damping ratio:

~ 1 _ Y
wnd ‘/[ p + U1 (YBNI NﬂYr)] g _ o (Nr + UI:

q =

2wy,
approximate spiral root

- (LgNe = NLo)

| = . Ts = — Sspiral
Spiril (Lg + N ﬁAl)

S = 8

i

[

XZ ™
B, = Xz
x ! Izz

the criterion for spiral root stability A —

1
(LBNT — NBLI’) > 0

ot}

o

~

rolling approximation

S4 = Sron = Lo T, = — 1/Lp

nnnnnnnnnn
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‘_L Criterios Estabilidad Estatica - |

A static stability criterion is defined as a rule by which steady state flight conditions
are separated into the categories of stable, unstable or neutrally stable..

FORWARD SPEED STABILITY
d(F A, + FTx)
au

<0 FA: + FT,. -~ (_ CD + CT‘)QS

(CT)(., - CDu) + (CT - CD )_l‘ < 0

In the steady state, the following must be satisfied:

CT —CDL=O

*

(CT‘U - CD“) < 0

Ingenieria N
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Criterios Estabilidad Estatica - 11

SIDE SPEED STABILITY
d(F A, + FT,)
av

< (I

In the stability axis system:
FAy + FTy = (= Cy + Cy))5S

Cy, + CTvn < 0  approximation CTF;& = () Cy, <0

Ingenieria )
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Criterios Estabilidad Estatica - |11

ERTI

o(F, + Fp)

ILITY

< 0

oW

In the stability axis system.

th + FT; = (_ CL + CTE)(_IS

Ingenieria )
Aeroespacial %

W = CﬁUl
1. —
(= Cu, + Cr, )38 < 0
Cp, < Cp,
CL >0

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



Criterios Estabilidad Estatica - 1V

ANGILE OF ATTACK STABILITY

d(M, + M) -
o

0

In the stability axis system:
My + My = (Cry + Cpp, )qST

Cm, + Cpp, <0

Chn,_ is negligible compared with Cm,

Cp, < 0

o _ -
B, Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 30 U=



Criterios Estabilidad Estatica - V

ANGLE OF SIDESLIP STABILITY

(N, + Np) -
ap
In the stability axis system:

N, + Np = (Cp + Cp)gSh

0

Cnﬂ + C"Tp > ()
CﬂTli < Cnﬁ

C“s >0 (C"B)ﬁ;é(] > 0

[*] Ingenieria
i ' , .
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@
[ |
.

Criterios Estabilidad Estatica - VI

ROLL RATE STABILITY

o(Ly, + L) -

ap 0

In the stability axis system:
L, +Ly=(C+ CIT)ﬁSb
C, <0
p

C,, is recognized as the roll damping derivative.

Ingenieria )
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Criterios Estabilidad Estatica - VII

PITCH RATE STABILITY

M, + Mp)
0q

In the stability axis system:

M, + Mt = (Cy + G, )GST
Neglecting the effect of thrust, Cm, <0

Cm, is the pitch damping derivative

Ingenieria )
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‘_L Criterios Estabilidad Estatica - VIII

EFFECT OF FORWARD SPEED ON PITCHING MOMENT

SM, + My)

du

0

In the stability axis system:
M, + M = (Cy, + C)GSC

Ingenieria

Aeroespacial -9

(Cm, + Cing ) + (Cin, + cmTl)-é—] > ()
in steady state flight (Cp, + CmTl = (J)
(Cm, + Cin, ) > 0
thrust contribution can be neglected
Cn, >0

Ch, is the so—called tuck derivative
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Criterios Estabilidad Estatica - 1X

EFFECT OF SIDESLIP ON ROLLING MOMEN1
d(L.y + Ly)

B

In the stability axis system:

O

Neglecting the effect of thrust,
Clg <0

C]ﬁ is also known as the airplane dihedral effect.

Ingenieria )
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Criterios Estabilidad Estatica - X

YAW RATE STABILITY
ANy + Np) _

ar 0

N, + Ny = (C, + Cp)aSh

Neglecting the effect of thrust, Cp, <0

Cy, isthe yaw damping derivative

Ingenieria N
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A
PILOT DECIDES

Fi_gure 6.2 Cooper-Harper Pilot Rating Scale

Adequacy for selected Action Aircraft Demands on the pilot Pilot Flying
task or required Required Characteristics  in selected task or re- Rating Quality
operation quired operation Level
v v v v v v
> E{(cellent Pilot compensation not a 1 »—
. Highly desirable | factor for desired performance
ting Scale
- R Good Pilot compensation not a >
- Negligible factor for desired performance 2 I
deficiencies
A Fair Some Minimum pilot compensaticn
»{ mildly unpleasant required for 3 P
deficiencies desired performance
Minor, but . .
> annoying Desired per-formance refll{lres 4 »—
Yes deficiencies moderate pilot compensation
No
Is it satisfactory D.eflmetncaes <l Moderately Adequate performance requires >l
without improvement? Jvarran > obicctionable considerable pilot compensation 5 I
improvement deficiencies
l';/ery cl)bjekc)?onable Adequate performance requires
»7but tolerable extensive pilot compensation 6 -
A deficiencies
. Adequate performance not
Major attainable with maximum
’)‘ d f‘ 1 . . . 7 )_
Yes eficiencies tolerable pilot compensation.
No Controllability net in question,
Is adequate L
. Deficiencie . . .
performance attainable | W.':ell’:'flilt 1es | Major Considerable pilot compen— -
with a tolerable pilot 1. 1 deficiencies sation is required for control 8 I
workload? improvement
A Major Intense pilot compensation is
> deficiencies required to retain control 9P
Yes No
Is it controllable? »| Improvement Major Conftrol will bellost during some | 0
mandatory deficiencies portion of required operation

Célculo ae Aeronaves © Serglio estepan roncero, sestepan@us.es
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_‘L Airplane Clases

able Ai ne Clas
MIL-F-8785C Examples Civilian Equivalent Examples
Class 1 Small, light airplanes such as:
* Light utility * Cessna T-41 Very Light Aircraft * Cessna 210
* Primary trainer * Beech T-344C (VLA)and FAR 23 | * Piper Tomahawk
* Light observation * Rockwell OV-10A | category airplanes * Edgeley Optica
Class 11 Medium weight, low—to—medium

maneuverability airplanes such as:

* Heavy utility / search and rescue * Fairchild C-26A/B | FAR 25 * Boeing 737,
* Light or medium transport / cargo / tanker * Fairchild C-123 category airplanes * Airbus A 320
* Early warning / electronic counter—measures / * Grumman E-2C * McDD MD-80
airhorme command, control or communications relay * Boeing E-3A
* Anti-submarine * Lockheed 5-3A
* Assault rransport * Lockheed C-130
* Reconnaissance * Fairchild OA-10
* Tactical Bomber * Douglas B-60
* Heavy Attack * Grumman A—6
* Trainer for Class 11 * Beech T-1A
Class 11 Large, heavy, low—to—medium
maneuverability airplanes such as:
* Heavy transport / cargo / tanker * McDD C-17 FAR 25 * Boeing 747,
* Heavy bomber * Boeing B-52H category airplanes * Airbus 340,
* Patrol / early warning / electronic counter-measures / | * Lockheed P-3 * MeDD MD-11
airborne command, control or communications relay * Boeing E-3D
* Trainer for Class 11 * Boeing TC-135
Class IV High maneuverability airplanes
such as:
* Fighter / interceptor * Lockheed F-22 FAR 23 aerohatic * Pitts Special,
¥ a‘!'ni.lﬂ.-l_'_‘k * McDD F-15E category H.il'P[ﬂl'I.'E'S * Sukhoi Su-26M
* Tactical reconnaissance * McDD RF—
* Observation ¥ Lockheed SR-T1
* Trainer for Class IV * Northrop T-38

Aeroespacial
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Categorias de Vuelo — MIL-F-8785C

Non-Terminal Flight Fases

Category A: Thosc non-terminal flight phases that require rapid
maneuvering, precision tracking or precise flight path control.

Inciuded in this

category are:

a) Air—to—air combat (CO) None
b) Ground attack (GA) None
c¢) Weapon delivery/launch (WD) None
d) Aerial recovery (AR) None
) Reconnaissance (RC) Observation, Pipeline spotting

f) In—flight refu

and monitoring
elling (receiver) (RR) None as yet

g) Terrain following (TF) None

h) Anti-submar
1) Close formati

ine search (AS) Fish spotting
on flying (FF) Air—show demonstrations

Category B: Those non-terminal flight phases that are normally

accomplished

using gradual maneuvers and without precision

tracking, although accurate flight-path control may be required.
Included in this category are:

a) Climb (CL) Various climb segments

b) Cruise (CR) Various cruise segments

¢) Loiter (LO) Flight in holding pattern

d) In—flight refuelling (tanker) (RT) None as yet

e} Descent Various descent segments

f) Emergency descent (ED) Emergency descent

g) Emergency deceleration (DE) None

h) Aerial delivery (AD) Parachute drop
ﬁé;oesp?‘?fa’ Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Categorias de Vuelo — MIL-F-8785C

Terminal Flight Fases

Category C: Terminal flight phases are normally accomplished using
gradual maneuvers and usually require accurate flight path control.
Included in this category are:

a) Takeoff ('TO) Various takeoff segments
b) Catapult takeoff (CT) None

¢) Approach (PA) Various approach segments
d) Wave—off / go—around (WO) Aborted approach

e) Landing (L) Various landing segments

Ingenieria
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‘L Mission Profile - |

Mission Profile: Attack Airplan

360 degree turn 360 degree turn
5 7
4,000 ft
4 9
"
6 8

1 2 3 10
1) Engine start and warm—up 6) Release 2 bombs and fire 50%
2) Taxi ammo
3) Takeoff and accelerate to 350 kts 7) 360 degree, sustained, 4.5g turn,

at sea—level including a 4,000 ft altitude gain
4) Dash 200 nm at 350 kts 8) Release 2 bombs and fire 50%
5) 360 degree, sustained, 4.5g turn, ammo

including a 4,000 ft altitude gain 9) Dash 200 nm at 350 kts

10) Landing, taxi, shutdown (no res.)

Ingenieria
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Mission Profile - 11

(me

Mission Profile: Passenger Transport
2,500 nm
yl N
< 7
5
9
6
7
®
1) Engine start and warm-up 5) Cruise
2} Taxi 6) Descent
3) Takeoff 7) Landing, taxi, shutdown

4) Climb to 45,000 ft

Figure 6.3 Examples of Mission Profiles and Flight Phases for a Military and
a Civilian Airplane

Ingenieria
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Level 1:

Level 2:

Level 3:

Ingenieria

Aeroespacial

Flying qualities clearly adequate for the mission Flight Phase

Flying qualities adequate to accomplish the mission Flight Phase, but some
increase in pilot workload or degradation in mission effectiveness, or both,
eXists,

Flying qualities such that the airplane can be controlled safely, but pilot
workload 1s excessive or mission effectiveness is inadequate, or both.
Category A Flight Phases can be terminated safely, and Category B and C
Flight Phases can be completed.

-y
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Criterios estabilidad dinamica longitudinal

Table 6.7 Phugoid Damping Requirements

MIL-F-8785C VLA, FAR 23 and FAR 25
Level I: Con = 0.04 No requirement
Level II: Qph = 0 No requirement
Level I T, = 55sec No requirement

ph

Ingenieri,

Aero

Table 6.9 Short Period Damping Ratio Limits
MIL-F-8785C

Category A and C Flight Phases Category B Flight Phases
Level Mintmum Maximum Minimum Maximum
Leve] 1% 0.35 ~ Cop — 1.30 030 < Cp —  2.00
Level 2 0.25 <~ Ly — 2.00 020 <« Ty — 2.00
Level 3 0.15** < Ly — no maximum 0.15* <« 4 — no maximum

* For VLA, FAR 23 and FAR 25: Csp must be heavily damped

** For altitudes above 20,000 ft this requirement may be reduced if approved by
the procuring activity

VAUIVUIV UL MUIVIIUVLO = ULl yIV LoLltLivull 1\WwWiivel v, ovoltuivuliwuo.vo
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Criterios estabilidad dinamica lateral-direccional

Ingenieria

Aeroespacial

Table 6.12 Minimum Dutch Roll Undamped Natural Frequency

and Damping Ratio Requirements

Mil-F-8785C

Level Flight Phase Airplane Min. T, * Min. Lo, * | Min. o, .
Category Class rad/sec rad/sec
Level 1 | A (Combat and
Ground Attack) v 0.4 - 1.0
Iand IV 0.19 0.35 1.0
A (Other)
IT and IH 0.19 0.35 (.4%*
B All 0.08 0.15 0.4%*
I, II-C and 1V 0.08 0.15 1.0
C
II-L and III 0.08 0.10 0.4**
Level 2 All All 0.02 0.05 0.4%*
Level 3 All All (} _ 0.4%*

* The governing requirement is that which yields the largest value of .

Note : For Class III Ly = 0.7 is the maximum value required.

** Class IIT airplanes may be excepted from these requirements, subject specific approval.
P y p q P PP

Civilian Requirements:
FAR 23 and VLA: {; > 0.052 with controls — free and controls — fixed

FAR 25:

C4 > 0 with controls — free and must be controllable

without exceptional pilot skills

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Criterios estabilidad dinamica lateral-direccional

Ingenieria

Table 6.13 Minimum Time to Double the Amplitude in the Spiral Mode
MIL-F-8785C

Flight Phase Level 1 Level 2 Level 3
Category
A and C T, > 12 sec T, > 8 sec T, > 4 sec
B T, > 20 sec T, > 8 sec T, > 4 sec
Civilian Requirements: None

Table 6.14 Maximum Allowable Roll Mode Time Constant
MIL-F-8785C

Flight Phase Airplane Level 1 Level 2 Level 3
Category Class
[and IV T: = 1.0 sec T, < 1.4 sec T, < 10.0 sec
A
I and 111 T, < 14 sec T, < 3.0 sec T, < 10.0 sec
B All T, < 1.4 sec T, < 3.0 sec T, < 10.0 sec
o LII-CandIV] T: = 1.0 sec T, £ 14 sec Tr < 10.0 sec
I-L and I T, = 1.4 sec T; = 3.0 sec Ty = 10.0 sec

Civilian Reguirements: None

Aemesp??f?‘_' Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Roll Effectiveness Requirements - |

Military Airplanes MIL-F-8785C

¢ =60deg
Tiempo maximo (segs) que puede tardar
@=0dcg en realizar un bank angle de 0° a 60°
Flight Phase Category
B C
Airplane ¢ =60dcg $p=45deg ¢ =060deg ¢=45deg $p=30deg $=25deg
Class Level q)=(t)deg ¢=(t)deg ¢=(t)deg q):(t)deg (p=(t)deg q):(t)deg
I 1 1.3 — 1.7 - 1.3 -
| 2 1.7 - 2.5 - 1.8 —
I 3 2.6 — 3.4 — 2.6 -
[I-L | — 1.4 - 1.9 1.8 -
II-L 2 - 1.9 — 2.8 2.5 -
I-L 3 — 2.8 — 3.8 3.6 —
I-C 1 - 1.4 - 1.9 - 1.0
n-C 2 — 1.9 - 2.8 - 1.5
1I-C 3 - 2.8 — 3.8 — 2.0

Low speed range represents takeoff and approach speeds
Medium speed range represents speeds up to 70% of maximum level speed

Ingenieria
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High speed range represents speeds from 70% to 100% of maximum level speed
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Roll Effectiveness Requirements - ||

Military Airplanes MIL-F-8785C

q}:ﬁ;[o deg Tiempq maximo (segs) que puede tardar
& =0deg en realizar un bank angle de 0° a 60°
Class TII Flight Phase Category
A B C
Level Igg,eed * q)=3t0deg ¢=3t0dcg ¢)=3t0deg
ange ¢ =0deg $=0deg ¢ =0deg
Low 1.8 2.3 2.5
1 Medium 1.3 2.0 2.5
High 2.0 2.3 2.5
Low 2.4 3.9 4.0
2 Medium 2.0 3.3 4.0
High 2.5 3.9 4.0
3 All 3.0 5.0 6.0
Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 48 U#
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Roll Effectiveness Requirements - ||

Ingenieria
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MIL-F-8785C:

Table 6.16 Roll Effectiveness Requirements for Class IV Airplanes

NOTE: All times, t in seconds

Flight Phase Category
A B C
=30de =50de =90de =90 de =30de
ot | B | bie | obin | achie | pobus | gobe
Very Low 1.1 - ~ 2.0 1.1
l Low 1.1 - - 1.7 1.1
Medium - - 1.3 1.7 1.1
High - I.1 - 1.7 I.1
Very Low 1.6 — ~ 2.8 1.3
5 Low 1.5 - — 2.5 1.3
Medium - - 1.7 2.5 1.3
High - 1.3 - 2.5 1.3
Very Low 2.6 — - 3.7 2.0
Low 2.0 — - 34 2.0
’ Medium - — 2.6 34 2.0
High - 2.6 — 34 2.0

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Roll Effectiveness Requirements

Civil Airplanes

¢=6t0 deg Tiempo maximo (segs) que puede tardar
en realizar un bank angle de 0° a 60°
¢=0dcg
Table 6.17 Roll Effectiveness Requirements for Civilian Airplanes
Note: All times, t in seconds VLA FAR 23 FAR 25
Flight Phase | Speed Weight d=+30deg ¢ = +30deg
t t
(Ibs) ¢ = —30deg ¢ = —30deg
Takeoff 1°2VSTO W < 6,000 5 5 No requirement
W > 6,000 | Not applicable t = "W%("%)_O No requirement
Landing 1.3‘(5PA W < 6,000 4 4 No requirement
W > 6,000 | Not applicable t = W 2+ 2263 00 No requirement

Note: For FAR 25 it is suggested to use the Class II or Class III military requirements

Ingenieria
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