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Abstract: The current study looks at flight behavior in lateral and directional motion. The investigation involves setting
up the aircraft under an equilibrium condition with a small disturbance applied to it. Plotting the side slip angle, roll
angle, and yaw angle with respect to time in the presence of disturbances can be used to investigate flight behavior in
lateral and directional motion. Here the disturbance can be simulated by the movement of the aileron or rudder, in which
these two control surfaces can be designed to move in a single impulse or multiple impulse disturbance mode. These
two disturbance modes are used on the Beechcraft 99 and Cessna T37 aircraft. Both impulse disturbance models are
used for the aileron and the rudder. However, in the current work, the Beechcraft 99 receives a single impulse, whereas
the Cessna T37 receives multiple impulses. The implementation of such disturbances found that the Beechcraft 99
represented the aircraft that would be able to go back to its initial condition in response to a single impulse disturbance
mode while the Cessna T37 aircraft requires a little more time to return to its original yaw angle. Following the
implementation of these two types of disturbances, it was discovered that each aircraft has the ability to return to its
initial condition, but at varying times to reach its steady state solution.

Keywords: Lateral stability, directional stability, flight simulation

1. Introduction

Understanding an aircraft's flight behavior can be accomplished in two ways: (1) by investigating it over a long
period of time, or (2) by investigating it in a short period of time, with an order of magnitude in just a few seconds [1].
The first approach is called "understanding aircraft behavior from the aircraft performance point of view." Through this
approach, one can estimate the range, endurance, take-off distance, landing distance, etc. The second approach to
understanding the flight behavior in a short time is called the aircraft’s dynamics and stability point of view. This approach
allows one to identify the aircraft response if some sort of disturbance is applied to it. The disturbance may appear
naturally in the form of gust velocities or be due to deliberately deflecting control surfaces.

Basically, the flight dynamic stability of the aircraft can be split into two directions of flight, namely the longitudinal
dynamic stability and the lateral and directional dynamic stability. The present work focuses on the lateral and directional
dynamic stability of the aircraft as applied to the cases of two aircraft models, namely the Beechcraft 99 and the Cessna
T37. The lateral and directional flight behavior can be investigated through the behaviors of the side slip angle g, roll
angle ® and yaw angle W plotted with respect to time in the presence of disturbance. Such disturbances can be created
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through the movement of the aileron or rudder in single impulse mode or multiple impulse mode. The Beechcraft 99
aircraft is subjected to the implementation of single impulses for aileron and rudder, and it has been discovered that this
aircraft is capable of returning the side slip angle (B), roll angle (@), and yaw angle (V) to their initial conditions as soon
as the disturbance is disappeared. These three variable states give slightly different responses when the multiple impulse
is applied. With the implementation of this disturbance model on the Cessna T37, this aircraft needs more time to make
its yaw angle return to its initial condition.

2. Governing Equation of Flight Motion

To formulate the governing equation of flight motion one needs at least two types of coordinate systems. The first
coordinate system is the inertial frame reference Fy and the second one is the body fixed coordinate frame Fp . The first
coordinate frame of reference is used to allow the implementation the Newton’s second law of translational motion and
the angular motion, While the second coordinate frame of reference is used to describe the motion on the airplane. Fig.
1 describes these two coordinates system is related.
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Fig. 1 - Earth fixed and body fixed co-ordinate systems [1]

In more precisely, the flight behavior presented in term of velocities, position and attitude can be described in 12
state variables as follows [2]:

U [longitudinal (forward)velocity]
[V] lateral (transverse) velocity |
[w| vertical |
v = =
| p | roll rate I @
lQ J pitch rate |
R yaw rate |
Xg1 earth-fixed x position
[YE [earth-ﬁxed y position
_ {zg| _ |earth-fixed z position
= \|o |~ [ roll angle | @
S | pitch angle |
- l yaw angle J

While for the forces and moments are denoted in vector notationas FE =[x v ZzZ]Tand MB=[L M N]T
where X, Y, and Z are the longitudinal, transverse, and vertical forces, and L, M, and N are the roll, pitch, and yaw
moments. The definition of notation vector velocity v , position and attitude z and forces and moment as shown in the
Fig. 2.
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Lift {positive upwards)

Drag
[positive rearwards) All directions shown are positive
U, V. R are the forward, side and yawing velocities
[, M, N are roll, pitch and yaw moments
P, O, R are the angular velocities,
rolt, pitch and yaw
, 8, ¥ are roll, pitch and yaw angles

Reference fra i Thrust
[positive forwards)

Fig. 2 - Definition notation velocity, position and forces [3]

The implementation the Newton second law of translational and angular motion generate the dynamic equation of
flight motion as [2]:

X =m[U + QW — RV + g sin 6] )
Y =m[V + UR — WP — gcos O sin 9| (4)
Z=m|W + VP — QU — g cos O cos @) (5)
L=1,P-I,JR+PQ|+ (I,— I,) QR (6)
M=1,Q+ L,[P*—R*]+ (I, — I,) PR )
N=LR-1IL,[P-QR]+ (I, - ) PQ (8)

While the governing equation of flight motion related to the attitude and position of the aircraft with respect to the
Earth fixed reference frame is called as kinematic equation:

Xg U
ye| = [A]|V
. 9
Z; W 9)
where,
cosWcos® —sinWcos® + cosWsin®Osin@ sinWsin® + cosW¥ cos ® sin O
[A] = |sinWcos® cosWcos® +sin®d sin@sin¥W  — cos Wsin P + sin O sin ¥ cos & (10)
—sin® cos O sin cos ® cos
and,
. 1 sind®tan® cos®d tan® p
@ _ |0 cos @ —sin®
(f) - sin @ cos @ Q (11)
y 0 R
cos @ cos @
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The system equation that describes flight behavior can be solved using the Fourth Order Runge-Kutta Scheme, as
demonstrated by Ozdemir and Kavsaoglu [4]. It is true that the system equation, which consists of 12 first-order
differential equations, is non-linear and that the equations are coupled to each other. However, for a particular flight
condition and if one is just interested in investigating the flight behavior due to a disturbance imposed on the equilibrium
flight condition in a short time, it is not necessary to solve these twelve equations. Here one may just focus on the first
six equations, namely the dynamic equations.

To include the presence of thrust, T, aircraft weight, mg and aerodynamic forces, the dynamics Eq. (3-8) can be
written as [5]:

m[U + QW — RV] = —mgsin® + Fy, + Ty (12)
m[V + UR — WP] = mg cos @ sin® + Fyy + Ty, (13)
m[W + VP — QU] = mg cos @ cos ® + Fy, + T, (14)

LP—L,JR+PQ|+(I,— L,)QR =L, + Ly (15)

1,Q + I, [P* = R*] + (I, — I,)PR = M, + My (16)

LR —IL,[P—QR]+ (I, — I,) PQ = Ny + Ny (17)

In solving the above equation, one can introduce that the aircraft is in steady state condition [4]. It is meant that the
linear and the angular accelerations with respect to the aircraft body frame X, y, and z are zero. Hence,

H H
| |
v—|P|—const,v b =0
M Q

R

In the steady state if the corresponding flight conditions are denoted by subscript 1, and in this flight condition, the
flight is perturbed, in such condition the flight variables can be written as:

U=U+u V=V+v wWw=w +w (18)
P=P +p;, Q=20 +q; R=R +r (19)
D=0, +p; O=0,+6, ¥=VWY + (20)
Fpax = Faxy + faxs Fay = Fyuy, + fays Faz = Fagy + faz (21)
Ly=La + 1l My=My +my; Ny=Ny +1ny (22)
Fry = Fryy + fra FTy=FTy1+ny; Fry, = Fry + frz (23)
Ly =Ly, +1ly; My=My +my; Np=Np +n; (24)

and imposing the conditions associated with steady-state flight conditions:

U=U,+u=1u; V=V,+v=v; (25)
W=Ww,+w=w; P=P +p=p; (26)
0=0,+q¢=qg; R=R,+7 =7, (27)

Introducing disturbance in steady flight by using the relationship as given by Eq. (18-27) and substitute into the
dynamics equation as given by Eq. (12-17), yields:
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mli+ (Q + QW +w) — (R, + 1) (Vy + v)] = —mgsin(®; + 6) + (Fax, + fax) + (Fray + frx) (28)

m[v+ Uy + wW(Ry + 1) — (P + p)(W; +w)]

= mg cos(®; + 6) sin(®; + ¢) + (Fay, + fay) + (Fry, + fry) (29)

m[w + (P, + p)(V1 +v) — (Q + @)(U; + )]
= mg cos(©; + ) cos (O + ) + (Fas, + fuz) + (Fray + fr2) (30)
LD = Lgt = L, (PL+D)Q1 + @) + (I, = L,)(Q + DRy +7) = (Lay + L) + (Lyy + 1p) (31)
L g+ Lo [(Pr+p)? = Ry + 1)+ (e — I)(PL+ p)(Ry + 1) = (Myy + my) + My + myp) (32)
L7 = Leb + L, (@ + Ry + 1) + (I, — L) (P +p)(Q1 + @) = (Ngg + 1) + (Npg +1p) (33)

The kinematic equation which gives the relationship between Euler angle (@, ®, ¥) and rate of angular velocity (p,
q, r) in the context of the presence perturbation from the steady state flight condition can be given as [5]:

p=&— ¥ 6cos®, — ¥, sin®, (34)
q=-0,¢pcos®, — 6 sin®, — ¥, fsin ®,sin®; + ¥, ¢ cos ®; cos®; + ¥; sin ®; cos O, (35)
r= —¥,0cos D, sin®, — ¥, ¢ sin @, cos®; — O sin d,+ ¥, cos ®; cos®; —0O, ¢ cos D, (36)

In steady-state rectilinear wing-level flight, one can imposed the following assumptions:
e The angular velocities P, = Q; = R, = 0;
e Euler angles ®; = conts; ®; = const;and ¥, = const.
e Lateral velocity V; = 0;
e Rollangle ®; =0, sin®; =0, and cos®; = 1 (wing level).

The usage of the abovementioned condition would simplify Eq. (28-36) to become:

mli + qW,] = —mg0 cos O1 + (fax + frx) (37)
m[v +rU; — pW,] = mg¢ cos®, + (fAy + ny) (38)
m[w — qU;] =—mg6 cos®; + (fa, + frz) (39)
Lp— L,m =1 +1; (40)
Lg=my+mg (41)

L7 —L,p=n4+ng (42)

p=¢ — Psin®, (43)

q=196 (44)

r=1 cos®, (45)

In the lateral — directional flight motion, one will deal with the motion of x-z plane which will move out of some x-z
plane fixed in space. Translation in the y direction, roll about the x axis, and yaw about the z axis would all cause the x-
z plane of the aircraft to move out of that arbitrarily fixed x-z plane in space [6]. The governing equation of flight motion
consists of the Y force (Eq. (38)), L moment (Eg. (40)), and N moment equation (Eq. (45)). However, to make the number
of unknown quantities the same as the number of equations, two additional equations from the kinematics formulation
are needed. As result in the governing equation of the lateral and directional flight motion becomes:
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m[v+rU; — pW,] = mg ¢ cos®; + (fAy + ny) (46)
Lip— L, =1+ 1 (47)

L7 —L,p=n4+ng (48)

p=¢ — WsinO, (49)

r= WcosO, (50)

If the forces and moments from the aerodynamics and restrict to the motion in the lateral dan directional flight
direction only, the governing equation of flight motion Eq. (37) to (45) can be simplified to becomes:

(Ve, B + VW) = g + VB + Yy + Yyl + Y5, 8, + Y5, 8z (51)
o Do . . s s 59
¢—E¢—L33+L¢¢+L¢¢+L5A a4+ LspOr (52)
N W . .

- iqb = NgB + Ny + Ny + Ny, 84 + N5, 6z (53)

where,

Yo=Y, Yy=Y,, Ly=Lp, Ly=Ly,

(54)
Ny =N, Ny=N,

Table 1 shows the definition of variables which appear in the Eg. (51-53).

Table 1 - The definition variables in the lateral — directional flight motion [5]

Y. q15Cys [t Y. = q:5Cyp b ft
p m sec? P m 2U, sec?
_ q9:5Cy, b ft Ve = ¢:1SCysa ft
r m 2U, sec? oA m  sec?
Yo — q15Cys [t
R m  sec?
SC 1 SCp, b 1
L/;=q1 t’ﬁb _ Lpth tp 0 1
I, sec L, 2U; sec
q1SCer b 1 q15Cosa, 1
L = e Ly =y —
I,, 2U; sec Loy sec
SC 1
Ly = q1°Cesr b _
I, sec
SC 1 SC 1
Nﬁ=ql_n,8b_2 NTB=Q1 nT,Bb_2
I,, sec I,, sec
_4:5C,, b 1 v @Gy b T
P 1, 2U, sec "1, 2U, sec
q1SCusa 1 q15Cesn , 1
Lyy=—"12p — Log =2y
oA I,, sec? R Ly sec?

3. The Solution of Lateral and Directional Flight Motion
As the first order differential equation with zero initial condition, one can use a Laplace transform for solving a
differential equation system. In Laplace transform, Eq. (51-53) becomes:
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(BN
(Ve =%)  =(H+e) s =) ][9]y,
—Lg s(s - Lp) —s(sl, +L,) % = Lg} (55)
—Ng —5(512 - p) s(s—N,) W(s) Ns
8(s)

where §(s) can be considered either 6,(s) or 8§z (s). Here the the dimensional control derivatives Yg, Ls, Ns can be
associated either to the ailerons or to the rudder. To solve Eq. (55) and so the unknown quantities ) #s) )

8(s)’ 8(s)” 8(s)

be defined, one can use the Cramer’s rule. The results are:

Ys —(sYp + g cos @1) S(VP1 - YT)

Ls s(s - Lp) —s(sl; + L)
B(s) Ns  —s(sl, = N,) s(s —N,) B Ng(s) (56)
§(s)  |(sVp, —Ys) —(sY,+gcos®;) s(Vp —Y)| Dz(s)
—Lg s(s—1Lp) —s(sl; + L)
—Npg —s(sl, — N,) s(s—N,)
(sVe,—Y¥p) Y5 (Ve —Y)
—L[; L5 —S(Sll + LT)
d(s) - (Nﬁ + NTB) Ns  s(s—N;) _NG() 57)
5(s)  |(sVp, = Yg) —(sY,+gcos®) s(Vp,=Y,)| Dals)
—Lg s(s—1L,) —s(sl; + L)
—Ng —5(512 - Np) s(s—N,)
(SVP1 - Y,;) —(sYp + g cos @1) Ys
—Lp s(s—Lp) Ls
ORI (Nﬁ + NTB) =s(sl; =N,)  Ns _ Iilﬁ(S) (58)
6(s) (sz1 -Y) —(sY, + g cos 0,) s(Vp, — Y;) D, (s)
—Lg s(s—Lp) —s(sl; + L,.)
—Ng —s(sI2 — Np) s(s—N,)

where:

Nég(s) = 5(Aps® + Bgs? + Cgs + Dg
Ag = Ys(1 —1L13)
Bg = —Ys(Ly + Ny + LN, + I,L,) + Y, (Ls + I1Ns) + Y, (Lsl, + N) — (Vp,, (LI, + Ns) (59)
Cp = Y5(LyN, — NyL,) + Y, (L,Ns — N.Ls) + g(Ls + I,Ns) + Y, (LsN, — N5L,) — V;,. (LsN, — N5sL,,)
Dg = g(L N5 — N;Ls)

Ny (s) = s(Ags® + Bgs + Cy)
AB = VP1(L5 + 11N5)
By = Vp,(L,N5 — NyLs) + Yp(Ls + I,Ns) + Y5(Lg + I, N5) (60)
Cp = —Y3(L,Ns — NyLg) + Y5(L,Ng — NgL,) + Vp, (LsNg — LgN5) — Y, (LsNg — LgN5)

N (s) = Ays® + Bys? + Cys + Dy,
AlIJ = VP1(N5 + 12L5) (61)
By = Vp,(LsNp — NsLp)—Y3(N5s + I Ls) + Y5 (Lpl, + Np)
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Cy = —Yp(LsNp — NsLp) + Yp(LsNg — LgN5) + Y5(LgNp — LpNs)
Dy = g(LsNg = LgN5)

The denominator D, (s) is given as:

D,(s) = s(Ays* + B,S3 + C,5% + Dys + E,)

Ay = VP1(1 - L)

B, = -Y3(1 - LI) = Vp (L, + Ny + N, + I,L,)

C, =V, (LpN, — NpL,) + Y3 (L, + Ny + N, + L) — Y, (Lg + I;Ng) + Vp, (Lpl, + Np)
- Yr(LﬁIZ - Nﬁ)

D, = =Yg(L,N; — NyL,) + Y, (LgN, — L,Ng) — g(Lg + I, Ng) + Vp,(LgN,, — L,Np)
- YT(LBNP - LPNB)

E, = g(LgN, — L,Ng)

(62)

Using Eqg. (59-62), one can define how the side slip angle B, roll angle ® and yaw angle ¥ will behave with
respect to time for a given a disturbance &(s).

4. Disturbance Models
To simulate the behavior of the airplane from the point view of lateral and directional flight motion by using Eq.
(56-62), here the single impulse &;;(t), and the multiple impulse &,,;(t) are defined respectively as [5]:

0 0 <t <200
I—a 200 <t < 205

5.(t) = 4 0 205 < t < 3200 (63)
| b 3200 <t <3205

Lo 3205 <t < 12001

0 0 <t <200
—a 200 <t <215
0 215 <t <400
b 400 < t <415
S =4 0 415 <t <800 (64)
—d 800 <t <815
0 815 <t <1000
e 1000 <t <1015
0 1015 < ¢t < 12001

The amplitude of the disturbance can be prescribed the same or different values. In the case of a single impulse, the
present work set the value of a = b = 4, while for the case multiple impulse use a = b = 5 whilec =d = 2.

5. Discussion and Results

The current study compares the lateral and directional flight characteristics of two aircraft. Those two aircraft are the
Beechcraft 99 and the Cessna T37. The Beechcraft Model 99 is a civilian aircraft produced by US aircraft manufacturer
Beechcraft. This aircraft was designed as a commuter twin-engine aircraft with 15 to 17 passenger seats. The Cessha T37
aircraft is also manufactured by a US aircraft manufacturer named Cessna Aircraft Company, whose base is in Wichita,
Kansas, in the U.S. state of Kansas. In the context of lateral-directional dynamic stability analysis, the required data for
these two aircraft is shown in Table 2.

Table 2 - The Aircraft Data for Beechcraft 99 and Cessna T37 aircraft [5,6,7,8]
Aircraft Model

Wing geometry data Beechcraft 99  Cessna T37
Wing area S (ft?2) 280 182
Wing mean aerodynamic chord (ft) 6.5 5.47
Wingspan (ft) 46 33.8
Flight Condition

Altitude (ft) 5000 30000
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Mach number 0.310 0.549
True airspeed (ﬁ) 340 456
sec
Dynamic pressure (f%) 118.3 92.7
Location c.g (%Mac) 0.16 0.27
Steady state angle of attack (deg) 0 2
Mass Properties
Mass (Ib) 7000 6360
Moment of inertia x-axis I, ( slug ft?) 10085 7985
Moment of inertia y-axis I,,,, ( slug ft?) 15148 3326
Moment of inertia z-axis I, ( slug ft?) 23046 11183
Product of inertia xz, I,.,, ( slug ft?) 1600 0
Stability derivatives
Cep -0.13 -0.0944
Cop -0.50 -0.442
Cor 0.14 0.0926
Cyp -0.59 -0.346
Cyp -0.19 0.0827
Cyr 0.39 0.3
Crp 0.08 0.1106
Carp 0 0
Crp 0.019 -0.0243
Chr -0.197 -0.139
Control derivatives
Cosa 0.156 0.181
Cosr 0.0109 0.015
Cysa 0 0
Cysr 0.145 0.2
Crsa -0.0012 -0.0254
Crsr -0.0772 -0.0365

5.1 Case the Beechcraft 99 Aircraft

If the single impulse as defined by Eq. (56) is applied to the aircraft, the output response of the aircraft to such a
disturbance is shown in Fig. 3. In the dynamic simulation, the deflection of the aileron is set between -8° (down) and +5°
(upward). Fig. 3 shows that the aircraft is able to return to its origin as the disturbance disappears. When this single
impulse function is used to generate a disturbance for the rudder with a similar deflection angle, (+5°), the aircraft
responds as shown in Fig. 4. Using the above results, one can identify the sideslip effect, (t) and the yaw angle, ¥(t)
is not the same as the roll angle, ¢(t). The relative airflow that causes the rudder to deflect —4° increases the angle of
yaw ¥(t) by two times. As the disturbance fades, the sideslip angle g (t) and angle roll, ¢ (t) are damped towards zero.
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0Bzetal vs. Time for Aileron Maneuver lzhi vs. Time for Ailroen Maneuver
0.1 2
2 Ll L = .
g o — go
2 0.1 =
a o
-0.2 -4
0.3 -6
0 100 200 300 0 100 200 300
Time (s) Time (s)
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=) - o 0
S c\..
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15 <10
0 100 200 300 0 100 200 300
Time (s) Time (s)

Fig. 3 - The aircraft response in a side slip angle B(t), roll angle @(t) and the yaw angle ¥(t) due to a single
impulse aileron disturbance model on the Beechcraft 99 aircraft.

B1eta vs. Time for Rudder Maneuver %hi vs. Time for Rudder Maneuver
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=
1 c 2
= 2
o] ]
= o*’* — ﬁ 0
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-1 & |
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2 03: 4
0 100 200 300 0 100 200 300
Time (s) Time (s)

Fig. 4 - The aircraft response in a side slip angle g(t), roll angle &(t) and the yaw angle ¥(t) due to a single
impulse rudder disturbance model on the Beechcraft 99 aircraft.
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5.2 Case the Cessna T37

For the case of the Cessna T37, the disturbance model in use is the multiple impulse as given by Eq. (57). This
disturbance model uses the magnitudes a = b = 5° and ¢ = d = 2°. If multiple impulses are applied to simulate the
presence of disturbance due to aileron, the aircraft response is shown in Fig. 6. Fig. 5 shows that side slip angle B (t) peak
at amplitude -0.3° and 0.3° which is similar to the peak of the disturbance. It is discovered that the side slip can return to
its original state of 0° after 110 seconds. Considering the roll angle ® vs. time: the roll angle reaches its peak value at
0.8° and —1.3° before decreasing to 0° completely after 200 sec. While in view of yaw angle behavior, the yaw angle
reaches their peak value at -5.5° and 0.5°. The yaw angle cannot go back to its original value.

‘ Beta vs. Time for Aileron Maneuver Phi vs. Time for Allroen Maneuver
0. 1
ffk«»] p— e —
0 [ (
02 4 1 | l
= \
o - |
T ' ||r g2l
=4 ’\ \, Ih‘» o 3
3 yl a?
2 = ‘ [
5 ‘A"..-f
D4 6
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (s) Time (s)
3 Psi vs. Time for Aileron Maneuver v Aileron De?ection vs. Time
05 J g
5 [ e——— 5
) ”*'""7"‘ 1
& 05 8
§
]
1 2
45 L . . L L 5 " " L L .
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (s) Time (s)

Fig. 5 - The Cessna T37’s response to the multiple impulse aileron disturbance model

The same disturbance model as given by Eq. (57) is applied to the rudder. The aircraft responses for the side slip
angle B(t), roll angle ®(t), and yaw angle ¥(t), are shown in Fig. 6. This figure shows the rudder deflected upward (-4)
and downward (+4)., The side slip angle p reaches the peak angle at -1 deg. When the second disturbance excited this
angle, it was still oscillating; as a result, the oscillation vanished after 140 seconds. In similar appearances, the first
disturbance still makes the roll angle oscillate at the time the second disturbance is introduced. In the presence of a second
disturbance, the roll angle achieves its convergent solution at 300 sec.
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Fig. 6 - The Cessna T37’s response to the multiple impulse of rudder disturbance model
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6 Conclusion and Future Work

Using the results from two model aircraft, one can identify that the lateral-directional equation of flight motion can
be solved by using the Laplace transform. Here one can obtain how the side slip angle, B, the roll angle, ®@ and the yaw
angle, ¥ change with respect to time. In the case of a single impulse applied to the aileron and rudder, the Beechcraft 99
aircraft were able to return to their original condition as the disturbance lifted. However, in the case of multiple impulses
applied to the Cessna T37, there is a slight difference in response between aileron and rudder. In the case where a rudder
acts as a source of disturbance, the three variable states (B, @, V') of the Cessna T37 are plotted with respect to time,
showing that the tendency goes to zero immediately as the disturbance disappears. However, when aileron is in use, the
yaw angle response needs more time to go back to its initial condition. It is true that the present work treats aileron and
rudder separately, therefore, an investigation of the aircraft response with aileron and rudder as a combined source of
disturbance may need to be carried out. This is the proposed work for the future work.
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