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strac

The flying qualities requirements defined yields
upper and lower limits on stability mode
frequencies, damping ratios and time constants. It is
relatively straight forward and less time for method
to establish mode characteristics limits apropriate to
the aircraft class, his flight phase and required level
of flying qualities.Vertical tail surfaces design
method based on the airplanes flying qualities is
presented in this paper. It yields the explicit solution
in the terms of vertical tail area and position. Simple
and fast analisys, using Dutch roll mode solution,
yields the explicit solution in the terms of the
vertical tail area and its position relative to the wing,
in less time and steps than the classical, iterative,
vertical tail surface evaluation methods. Finally,
method is tested in numerical example in case of an
light airplane. Olso, results are compare with other
light aeroplanes of same category and same flight
phase.

omenc e
q = dynamic pressure,N/m2
m = mass, kg X

P = air density,kg/m’

b = wing span,m

S, = wing planform area,m’
A, = wing aspect ratio

A, = vertical tail aspect ratio

I.,1,l, = moments of inertjia about X,Y,Z axes
respectively kgm™

L, = products of inertia,kgm2

O Ly = natural trequency of Dutch roll mode.rad/s
< = damping ratio of Dutch roll mode

B = angle of sideslip,rad

\! = angle of yaw,rad

$] = sidewash angle,rad

ks

— = variation of sidewash angle with angle of
PH
sideslip
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W
X\V,Z
Xz

= frequency of rotational velocity about Y
axe
= sweep angle on 25% mean acrodynamic

cord (MAC)

= pertubed velocity along X, Y, Z axes
respectively, m/s

= vertical tail volume coefficient

= variation of yawing moment coefficient

. -1
with rudder angle, rad
= variation of side force coetficient

with rudder angle, rad”
= variation of rolling moment coefficient
with rudder angle, rad’
= variation of rolling moment coefficient
with roll rate, rad '

= variation of rolling moment coefficient

with yaw rate, rad’

= variation of side force coefficient

with yaw rate, rad’

= variation of side force coetticient
with roll rate, rad !

= variation of side force coefficient

with angle of sideslip, rad”

~

ubscripts

Dutch Roll mode
vertical tail

wing

=X, Y, Z axes respectively
= products of mertia



n = naturall
= angle of roll

-

Introduction

The lateral characteristics of the aircraft are important
in determinig flying qualities. More dificultis in solving
probiem of lateral motion is because the modes of
lateral motion are not so well separeted and because
they involve all of the perturbation variables. Some
important that the dutch roll mode, which has a
frequency in the same band as human pilot frequency,
should be well damped in order to avoid handling
problems. Similarity in lateral and longitudinal modes
is represent in short period modes, should have
required damping, but othervise create several
problems. First of all, is similarity of natural frequency
of human pilot and time constant or frequency of the
modes. Main reuquirement in designing an aircraft
vertical tail surfaces is to choose proper location and
area based on requirements for the flying and handling
qualities. This important parametars are function of
many aerodinamic, inertial and mass charcteristics.
Foloving formulation present one simply algorithm in
evaluation process.

Formulation

Decoupling of the six complete equations of motion tor
the aircraft represent in ' | the three lateral equations
are :

D AF = m* (Ve U* R- W* P)
(1.1)

ZAL = P* Ix— R* I+ Q* R¥*Uz~1y)- P*Q* Ix,

(1.2)

ZAN = R* Iy P* Iyy+ QF P*(Iyy- L)~ R* Q* Iy,
(1.3)

If the tlight path straight and the aircratt is slippping
with its wing level, then 8 =-y. By requiring tat the
equilibrium direction of the X axis belong the flight
path and that there be no sideslip while in equilibrium,
then ¥ = w=0.U=i. As the aircraft initialy is in
unaccelerated  flight P2,R =0. Making these
substitutions equations (1.1),(1.2),(1.3) becomes :

ZAF),: m* (v+ Up*r+ uxr) 2.1
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DAL= pLe—i* Ly, (2.2)

ZAN =r*l,-prly,
(2.3)

However, since the perturbations are asumed small, the
products of the perturbations can be neglected, and
equations (2.1),(2.2),(2.3) can be reduced to :

D AFy= m* (ir+ Uger) G.1)
DAL= p* Iy i* Iy, (3.2)
D AN =i I- p* I, (3.3)

Using relation _UL =p Uy = U, for small perturbations
0

equations (3.1), (3.2), (3.3), becomes :
ZAF}/: m* Up*(B +vi) (4.1)
DAL =§* Ly * Iy 4.2)

DAN=§*I, 61
4.3)

After the expand the forces and moments in terms of
total derivative form :

oF ar oF OF
Y Yk Y. Y
D dFy= SR A b
oF
L v
oy

(4.2)

where forces in the Y direction are function of

following parameters ([5,4) L6 ,\[/) :

After that, and dividing trough by (s, *¢*5), and
going to coefficient form equations (4.1), (4.2), (4.3)
becomes :

I, . b *‘]*‘+‘[XZ' - b o
S xqxb U p S xqrb 22U 'r
L,
_(// *ﬁ - d - wl
B S _*gxbh d
;.D



1 . b 1 b
XZ *¢ _ ¢ z * i % *\l.’
S *xq*xb U np, S xqb 22U A
e *[ - Na =
s Sragrb T,

(5.2)

In final form equation (4.1), (4.2), (4.3) and (5.1),
(5.2) becomes :

-b m U b
* C * *® C LYY
(2*U) ’p ¢~ % o+ q U },) v - % Wt
m*U _ -
*B-C *B=C
(S.* P 78 B Ya
(6.1)
Iy . b . Iy ..
* — *C * +-——-—.* —
Gt h) T D ey
b .
(2*U)*C]r*\|/——C]ﬁ *B3 :C]a
(6.2)
R A S
- 3 - C * RN —
gt 0@ D) T Sagrn
b .
(Q*U)*CHT*W"CHB *B :CIa
(6.3)

These equations are uncoupled,
equatins of motion.

linearized. lateral

Linearized eqations (6.1), (6.2), (6.3) represent lateral
motion.By examine transfer functionf (s)= (),
shows that the roll subsidence pole is effectively
canceled by the zero in the numerator. Thus it is
considered that the Dutch roll mode consists of only
sideslip and yaw. In the case of pure sideslip p =-y,
yields ¢ =0 . Considering only a 3 (nput with 0 =0,
and neglectic C’yrderivatives, equations (6.1), {6.2),

(6.3) becomes :

m* U { _]|
*LP s * - ‘ * S =
5y (HL(S (9= Cyp B
Cp %8 ,(9)
o

r

(1.1)
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_]' "1 )
Lm)' (8- (7*U*C’!)J*W(5)“C1ﬁ B(o=

C, *6,.(9)
151‘
(7.2)
I— * *® (O _I* 7 C * —
L(Sw* B (9- (2*U Hr)J y(s) - g Ps)=
C %3 (s)
B, 7
(7.3)
The yawing moment equation with
f =-y.¢ equation (7.3) can be rewriten :
(SW;‘ o5 (9 G ) w(9- g *B (9
= C'nsr*&r(s)
8.3)

Taking the characteristic equation and dividing trough

J
£— equations (8.3) becomes :

S, *q*b

[ S *q*b Y (S AL 1
6 )* G, (9+ )* *
{ [Z 2*U IZ HB}

(8.4)

From an examination it can be seen that for a given
altitude the natural frequency :

Cyp * Sy atd
y__ P
®pd = I3
vz
(9
evaluating, it becomes :
Cnﬁ *SwEp*b
Ond =N T e
(10)

products natural frequency and damping ratio of Dutch
roll mode are:

Sk kI E B2
T :_bW prU*H .
24 Tnd 4% ] np
z

an



and damping ratio only :

(12)

Military specification ~ MIL-F-8785C  defines
characteristic of Dutch roll mode in 3.3.1.1 (Lateral-
directional oscilations- Dutch roll) . This document
present some view of design methods an light airplane,
considering class I airplanes, and requirements for
Level 1 Flying qualities, the trequency, mnd, and

damping ratio, ( & of the lateral -directional

oscillations folloving a yaw disturbance input shall
exceed the minimum values in Table1.

Table 1 Dutch roll mode requirements

Flight Min § Min  *o Min
Phase d 4 ng
( rad/s) nqg
(rad/s)
A 0.19 0.35 1.0
B 0.08 0.15 0.4
C 0.08 0.15 1.0

Derivatives equations becomes :

C,. =C, (wing+body)+ C,., (vertikal- tail) +
p p p
CHB (ventral- fin)

(13)
C (vertikal- i = C; #(1~ Loy 20
ve, al ta = et
np ertikal - tail) L(X‘, & ny S, *b
(14)
Cnr = CHr (wing + body) +
C, (vertical - tail) + C, (ventral- fin)
r T
(15)
C, (vertical- tail)= €, ¥2% X %n r—>0
w (vertical - tail) = La‘,'u v Xy ok
(16)

In the analysis equation (14) and (16), some
important is distribution of parametars Xv(location of
a.c. vertical tail due to c.g.) and Sv (surface of vertical
tail). This parameters are function of aerodynamic
derivatives. Analysis equations (14) and (16) shows
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that will be posible create relations betwen position of
aerodynamic center of vertical stabilizer due to center
of gravity(c.g.)., and planform area of vertical tail($, ).
This parametars are functions of aerodynamic
derivatives Cng , Cor. In the same time aerodynamic
derivatives Cnp , Cnr are functions of tlying qualities
requirements, dinamic presure and free stream velocity

From equation (10) becomes:
2
2% %@,

C =g O 17
g yres *p*b an

and from equation (12) becomes:

c _S*IZ*C-d*mnd
Tt urs rpri?

(18)

If in the first iteration we have alredy defined
configuration wing-body without ventral tin , equations
(13) and (15) must be rewriten :

CnB (vertical - tail) = Cnﬁ -G " (wing + body) (19)
G, (vertical tail)= C,, - C, (wing+ body) (20)
r r r

Includimg equations (16) and (17) in equations
(11), (13), (14) 1 (15) becomes :

. ) . o Xv
Cnp = Cig (wing+body) = Cpy M1 =2+ g 5
2n

220, *m rs

v
‘(‘LV

C”r - C"r (wing + body) =

(22)

S,¢ 5

From equations (17) and (18) we have direct
corelations betwen vertical surface area (Sv) . postion
of aerodynamic center of vertical tail in tunction of
dynamic parameters of Dutch roll mode (. 2 and
aerodynamics. inertial and mass parametars :

- wing planform area (S,,)
- wing span (b)
- moment mertia about Z axe (1,)

This parametars for an given conditions are constant.
Only variable parametars are:

- tree stream velocity (U)
- air density (p)



ks
Parametar L)[T are given tfrom @,
G
S,
(- Sy — 07244306 — 0 quLe
——=)*n, = 0724 43.06% ——X— p 4¥ K 4
78] b (1+cosiy) X,

a _
0.009* A,

(23)

Betore investigating efect of stability derivative
variation, the requirement for Dutch roll will be studied
.Critical conditions forMIL-F-8785Cchapter 3.3.1.1
(Lateral-directional oscilations- Dutch roll ) cheking
process are minimum dynamic presure an maximum
altitude of operational anvelope. For an given flight
condition, dynamic presure are constant parametar.
Only variable parametars are:

- vertical surface area (8,)
- position ot aerodynamic center of vertical stabilizer
due to center of gravity(c.g.)., (X,)

This facts indicates tinal aproach in evaluation (S,) and
X)-

u ica ts

In numerical example for an light aeroplane
preliminary

defined wing-body configuration with following
parametars :

- wing planform area Sw = 13.3 m2

- wing span b, =9.649 m

- wing aspect ratio  A,=7.

- body surtace S, = 5.826 m2

- stability derivativ:

C " (wing+body) = -0.0311 (1/rad)

n
- stability derivativ :
¢, (wing+body) =-0.2287 (1/rad)
flight conditions are :

- altitude H = 2000. (m)
- Mach number of free stream, M = 0.15

For this tlight conditions are defined main prametars in
evaluation lateral stability. Next step in evaluation is
create function S * X = f(o n,) for given ftlight
conditions. This tunction is clearly shown in Figure 2.
Olso are shown in Figure 2 boundary for statistical

L
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range of vertical tail volumetric parametar
8, * X,

statistical range for light aeroplane
S *p D S P
w

v,=

categories 0.035 < V, < 0.075) . For numerical
example range products Sv*Xv are :
(4.49 < Sv¥*Xv< 9.62). Boundaries of this range is olso
shown in Figure 3. Military specifications MIL-C-
18244A chapter (3.1.1..3.1.2 Lateral control) define
angle of roll frequencis range for human pilot
characteristics :

06<Chp<12

¢ >0.46 + 1.46% (¢, and :
1.336 <0, <2.212

In Figure 1 are defined pilot iso-opinion curve for
lateral-directional control (chapter 12.9, page 525
,JFigure 12.12).In Figure 1 is shown general trend of
pilot rating. From requirements for Level 1 dutch roll

®
mode flying qualities { ;>0.19 . The ratio ( L j isa
®py

significant parametar in studying lateral-directional
flying qualities. The major consequnece is that the ¢
response to aileron becomes non-oscillatory.The

[O] b

[0} ng

2
general preference for ( J =1. is apparent.

Depending upon the value of G , the optimum

O]
value of( L J may be different.

\O) g
pilot rating dutch roll
3.5 . pilot
=, =0.19 iso-opinion
0.85 | \ curves
(o 2 _— ;u/-”"""'w»’/!
oyl 1 T i
R R/t > [evel 1
d = :
s / satistactory
oA o
1307 | ‘\,\\
|46 B ~ 0 B -
5 | unsatistactory : v
0.08 ()Al‘lj - lI,l()l (;J ().2%8
d
Figure t

In Table 1 are defined minimum value of Dutch roll
trequnecis © _,=0.1 rad/s. In this case optimal range
Dutch roll frequnecis for human pilot chracteristics are
(for numerical example):



1.336 < 0 ,, < 2.212

Some important fact in evaluation process is definition
of optimum values for the handling qualities parameters
and the definition of acceptable ranges for these
parameters.

25
T T M T A T T T H
vohume coofficient
V= 8,5 X,I5,*8 e
20 0.038< V, <0075 v o
e
$=02 a,2128 o -
15 \ - -
SvXv =y

! 1
L | Sv*Xv =675 \ ]
S*X. DT .- .
AR & SvXv=5.58 Sv¥Xv =44y ]

(m") !

i
i
o+ 1
i
1 1 i
10 15 20 2.3 3.0 £ 4.0

1.33 220
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It o AL T=02, 7 =10 (radds) E
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Figure 3

onlusio

Some important fact in design process of piloted
aireruft is configuration optimization procedure. due to
pilot abilities and define tusk. Without this atributes we
can Guaranted project succes. Configuration
optimisution defined by several number of wributes
(Military specification requirements, human
characteristics,  ecsperimental data) which present
posible solution anvelope limits.On that way project
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engineer have oportunity to look whole operational
anvelope trough aerodynamical, mass and inertia
parametars. Using this project algoritm project engineer
can avoided large number of iteration and saving more
time and project costs. In this paper present one
example of detined procedure in evaluation process. In
first step can make aproach to optimal solution area.
Olso , presented method able and compare analysis of
realased projects of light acroplanes in this category.
Final result of this evaluation process is create system
pilot-machine for performing the assigned task . That
system must have positive subject opinion concering
the suitability of the aircraft handling qualities.
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