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tabilidad estática y dinámica fueron obtenidas, y 
así, las cualidades de vuelo y manejo fueron anali-
zadas de acuerdo a los requerimientos estandari-
zados. Los resultados obtenidos son presentados 
a partir de coeť cientes aerodinámicos, gráť cas de 
Matlab® (Paso, impulso, rampa, diagrama de Bode 
y lugar de raíces), modos de estabilidad, curva de 
pendiente de sustentación de Rudder, punto neutro 
de controles ť jos y el margen máximo de estabili-
dad permitido. De esta forma, el cálculo de estabi-
lidad, los factores de inŦ uencia y sus efectos en las 
cualidades de vuelo y manejo de una aeronave tipo 
planeador fueron demostradas. 

Palabras clave: 
cualidades de vuelo y manejo, dinámica, estabili-
dad, estática, modos de estabilidad. 

Resumen
El objetivo de este artículo es hacer un estudio de 
las cualidades de vuelo y manejo de una aeronave 
tipo planeador para propósitos de instrucción. Para 
el desarrollo, un modelo dinámico es propuesto en 
pequeñas perturbaciones a ť n de calcular el estado 
de equilibrio longitudinal en condiciones de vuelo 
subsónico. Con los datos del equilibrio longitudinal, 
fueron mostradas las ecuaciones de movimiento 
linealizadas para hallar los valores numéricos di-
mensionales y adimensionales de las derivadas de 
estabilidad y control aerodinámico a lo largo de 
los ejes longitudinal y lateral-direccional. Seguido, 
las funciones de transferencia características por 
perturbaciones y aceleraciones para la velocidad 
de mejor relación de planeo, son encontradas para 
calcular las respuestas de la aeronave en controles 
aerodinámicos. Finalmente, las respuestas de es-
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mos as respostas de estabilidade estática e dinâ-
mica; e assim, analisamos as qualidades de voo e 
manejo de acordo com os requisitos padronizados. 
Os resultados obtidos se apresentam a partir de 
coeť cientes aerodinâmicos, gráť cos da MatLab® 
(passo, impulso, rampa, diagrama de Bode e lugar 
da raiz), os modos de estabilidade, a pendente da 
curva de elevação do volante, o ponto neutro ť xo 
de controle e a margem de estabilidade máxima 
permitida. Desta forma, mostramos o cálculo da 
estabilidade, os fatores que inŦ uem e seus efeitos 
sobre as qualidades de voo e manejo de um avião 
tipo planador.

Palavras-chave: 
dinâmica, qualidades de voo e manejo, estabilida-
de, modos de estabilidade, estática.

Resumo
O objetivo deste trabalho é fazer um estudo das 
qualidades de voo e manejo de um avião tipo plana-
dor para a instrução. Para o desenvolvimento, pro-
pomos um modelo dinâmico com pequenas per-
turbações para calcular o estado de compensação 
longitudinal em condições de voo subsônico. Com 
os dados de recorte longitudinal, mostramos as 
equações de movimento alinhadas para encontrar 
os valores numéricos adimensionais e dimensio-
nais da estabilidade aerodinâmica e as derivadas 
de controle ao longo dos eixos direcionais longitu-
dinal e lateral. A seguir, encontramos as caracte-
rísticas das funções de transferência por perturba-
ções e acelerações à melhor velocidade de relação 
de planar para calcular as respostas da aeronave 
nos controles aerodinâmicos. Finalmente, obtive-
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Abstract
The goal of this paper is to conduct a study on the 
Ŧ ying and handling qualities of a glider-type aircraft 
used for instruction purposes. To develop this pro-
ject, we propose a dynamic model where we intro-
duce small disturbances to calculate the longitudi-
nal trim state in subsonic Ŧ ight conditions. Using 
longitudinal trim data, we showed the linearized 
equations of motion to ť nd the dimensionless and 
dimensional numerical values for aerodynamic sta-
bility and control derivatives along the longitudinal 
and lateral-directional axes. After that, we found 
the characteristic transfer functions using distur-
bances and accelerations for the sake of the best 
glide ratio speed, in order to calculate the aircraft 

responses in aerodynamic controls. Finally, we got 
the static and dynamic stability responses; and 
so, we analyzed the Ŧ ying and handling qualities 
according to the standardized requirements. The 
results obtained are shown using aerodynamics 
coeŨ  cients, MatLab® graphs (step, impulse, ramp, 
Bode diagram and Root place), the stability modes, 
the rudder lift curve slope, the control ť xed neutral 
point and the maximum permissible stability mar-
gin. In this way, we showed the calculation of stabi-
lity, inŦ uencing factors and its effects on the Ŧ ying 
and handling qualities of a glider-type aircraft.

Key Words:
Dynamics, Flying and Handling Qualities, Stability, 
Stability Modes, Static.
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Abstract
The goal of this paper is to conduct a study on the 
Ŧ ying and handling qualities of a glider-type aircraft 
used for instruction purposes. To develop this pro-
ject, we propose a dynamic model where we intro-
duce small disturbances to calculate the longitudi-
nal trim state in subsonic Ŧ ight conditions. Using 
longitudinal trim data, we showed the linearized 
equations of motion to ť nd the dimensionless and 
dimensional numerical values for aerodynamic sta-
bility and control derivatives along the longitudinal 
and lateral-directional axes. After that, we found 
the characteristic transfer functions using distur-
bances and accelerations for the sake of the best 
glide ratio speed, in order to calculate the aircraft 

responses in aerodynamic controls. Finally, we got 
the static and dynamic stability responses; and 
so, we analyzed the Ŧ ying and handling qualities 
according to the standardized requirements. The 
results obtained are shown using aerodynamics 
coeŨ  cients, MatLab® graphs (step, impulse, ramp, 
Bode diagram and Root place), the stability modes, 
the rudder lift curve slope, the control ť xed neutral 
point and the maximum permissible stability mar-
gin. In this way, we showed the calculation of stabi-
lity, inŦ uencing factors and its effects on the Ŧ ying 
and handling qualities of a glider-type aircraft.

Key Words:
Dynamics, Flying and Handling Qualities, Stability, 
Stability Modes, Static.
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Introduction
The dynamic and static stability characterize the 
Ŧight behavior of aircraft. Although each one is 
usually studied separately, they must be studied to-
gether, where static stability is the description of 
the tendency to orient itself to its initial equilibrium 
condition due to a disturbance; and the dynamic 
stability is the description of the transcendence of 
a movement involved in the recovery of equilibrium 
due to a disturbance (Cook, 2012). For aircraft, is 
important to have both types of stability in order 
to be safe in a Ŧight mission. However, the stability 
degree is determined by the controls effectiveness 
and the mission for which the aircraft was desig-
ned, allowing to qualify them by the Ŧying and hand-
ling qualities standards.

The Ŧying and handling qualities standards are te-
chnical requirements promulgated by the authori-
ties for aircraft and their operation, encompassing 
airworthiness, operations, maintenance and crew 
requirements, providing a safety level in the limi-
tations of the aircraft capabilities. Its content is 
consigned in MIL-STD-1797A (Standard, 1990), MIL-
F-8785C (Holmberg J, Leonard J, King D, Cotting M, 
2008) and Av.P.970 (Reeves, 1970) standards, which 
collect the knowledge obtained during decades of 
theoretical study and experimentation on land, Ŧi-
ght and simulators (Tierno M, Cortés M, Márquez C, 
2012).

The effectiveness of an aerial maneuver is gi-
ven by the structural and aerodynamic conťgura-
tion with the performance and power parameters, 
which are reduced by external and internal factors 
inducing high pressures to the pilot and the aircraft 
with negative responses in psychology, physiology 
and ergonomics, impairing the attitude to maintain 
a Ŧight path. 

Through engineering, Ŧying and handling qualities 
allow the certiťcation of any aircraft, therefore, 
knowing and interpreting them is useful in each of 
the design phases. With this article, progress can 
be made on the aircraft stability studies on linear be-

haviors with inputs and outputs by aerodynamic 
controls, as a support to advance in future studies 
with non-linear responses allowing developments 
in the design, manufacture and certiťcation to the 
aeronautical sector. 

This study was made for the glider-type aircraft 
Schweizer SGU 2-22, an American two-seater air-
craft. Since the acquisition of the technical and 
geometric data, with the permissible speeds ran-
ge, an aerodynamic analysis in XFLR5® was made to 
create a database with geometrical and aerodyna-
mic information, and so, exempliťcation of a dyna-
mic model in MatLab® was possible to calculate the 
trim conditions, aerodynamic stability and control 
derivatives, transfer functions, responses to con-
trols by perturbation and acceleration variables, and 
the longitudinal and lateral-directional oscillation 
modes from a straight and level Ŧight state were 
found. 

In this order, the results and conclusions are su-
pported by the step, impulse and ramp graphs in 
disturbance inputs, Bode diagrams and root place 
diagrams by disturbance variables. Through this, 
we want to publish a study model, under minimum 
Ŧight conditions, to understand how the stability 
characteristics are determined and how they in-
Ŧuence the Ŧying and handling qualities, exposing 
them as a regulatory technical standard with its di-
rect application to make policies aimed at models 
and methodologies to analyze the characteristics 
of stability and maneuverability in Ŧying objects, 
seeking to contribute to the development of the 
national and international aerospace and the aero-
nautic industry.

After this introduction section concerning the dy-
namic and static concept, its regulatory standard 
and justiťcation, the methodology section presents 
the type of methodology used and its application 
in the work phases chosen, such as trim conditions 
calculation, responses to aerodynamic controls 
and stability responses. Next, the results section 
displays the trim condition, the responses to con-
trols by perturbations and accelerations variables, 

and the static and dynamic stability responses; all 
this, along the longitudinal and lateral-directional 
axes. Finally, the discussion and conclusion sec-
tions are presented with the main considerations 
regarding the execution of the general objective  
“to do a study of the Ŧying and handling qualities 
of a glider-type aircraft for instruction purposes” 
and their speciťc objectives regarding a proposal 
of a dynamic model to calculate the trim condition 
in subsonic Ŧight conditions; determine the aerod-
ynamic stability and control derivatives along the 
longitudinal and lateral-directional axes to calcula-
te the responses to aerodynamic controls; and ťn-
ding the characteristic oscillation modes along the 
longitudinal and lateral-directional axes to make 
an analysis according to the Ŧying and handling 
qualities requirements.

Methodology
This experimental study was made with a hypothe-
tical-deductive model in a descriptive research, di-
vided in three phases of work:  

First phase: Trim conditions  
calculation

Data Base
From the Schweizer SGU 2-22 glider, data collec-
tion was performed through the approved techni-
cal documentation such as: certiťcate type G-18 
approved by FAA (Department of Transportation 
FAA, 2007), maintenance manual approved by 
Schweizer Aircraft Corporation (S. A. Corpora-
tion,1946)  and the specialist magazine Sailplanes 
by Schweizer History written by Ernest Schweizer
(Simons & Schweizer, 1998). Following this, the 
weight estimation, balance, inertial and load fac-
tor calculations were done according to the book 
Aircraft design: A systems engineering approach
by Mohammad H. Sadraey (Sadraey, 2012) which 
is a reference to Airplane design by Jan Roskam
(Roskam, 1985) book. With the permissible speeds 
margin calculated in the v-n diagram (Figure 1), an 
aerodynamic analysis was done in XFLR5® to make 
a geometric and aerodynamic database (Table 1) 
switching Reynolds and Mach numbers, where the 
incidence was in the range of -20º < a < 20º by the 
main wing airfoil section, tail plane airfoil section 
and ťn airfoil section (UIUC Department of Aeros-
pace Engineering, 2019).

Table 1. Aerodynamic database items (Cook, 2012)

aw0 Zero lift incidence of wing
aw Wing or wing–body lift curve slope
da Downwash
CD0 Wing zero lift drag coeŨcient
Kw Wing induced drag factor
ew Wing Oswald eŨciency factor

Cm0
Pitching moment coeŨcient about 
wing

CD0T Tail plane zero lift drag coeŨcient

a0 Tail plane zero incidence lift 
coeŨcient

a1T Tail plane lift curve slope
a2h Elevator lift curve slope
eT Tail plane Oswald eŨciency factor
KT Tail plane induced drag factor
a1F Fin lift curve slope
dCDT

d T
Tail plane drag curve slope

dCD

d Wing or wing–body drag curve slope

a2ξ Aileron lift curve slope

dCD

d Aileron drag curve slope

a2ζ Rudder lift curve slope
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Figure 1. Schweizer SGU 2-22 Load factor

Trim conditions calculation
The trim state deťned the initial condition on which 
the glider dynamics was studied from the primary 
control surfaces (ailerons, elevator and rudder). 
The object of trimming was to bring the forces and 
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moments acting into a state of equilibrium where 
the axial, normal and side forces, and the roll, pitch 
and yaw moments are all zero expressed as the re-
quirement for the lift to equal the weight and the 
thrust to equal the drag (Roskam, 1998). The lateral–
directional forces and moments were assumed to 
remain in equilibrium, and the problem was reduced 
to the establishment of longitudinal equilibrium be-
cause the glider is symmetric on the OY axis. Thus, 
the reference axis system was body axes which de-
ťned the plane of symmetry on the OXZ axis, with 
the origin O located at the gravity center under the 
contributions for the wing-tail aerodynamic ratio 
including the angle of incidence of the wing (awr) 
and the downwash at zero lift (e0), Figure 2.

yw

zw

Xb

Xw

V0
ac

ac

zb

yb

Figure 2. Body axes system

In order to calculate the trim condition for each 
maneuver velocity, it was convenient to assume a 
straight Ŧight. For a glider, mass, a gravity center 
position, an altitude and an airspeed, symmetric 
trim was described by the aerodynamic operating 
condition, namely, angle of attack, thrust, pitch at-
titude, elevator angle and Ŧight path angle, Table 2. 

Table 2. Flight condition

Weight 3916.53 N
Mass 399.24 Kg

Altitude 1080
3543

m
ft

g 0
ae 0
Xc.g 2.203 m
Kn 0.188
hn 0.444

Using a set of equations found in chapter 3 “Static 
equilibrium and trim” from the bibliographic source 
(Cook, 2012), we provided the trim condition, whe-
re it was assumed that the elevator trim tab angle 
is zero and that glider trim was determined by the 
elevator angle to trim he. It is assumed that a0 = 0, 
where the tail plane airfoil section is symmetrical. 

Thus, there was a variation from the stall speed 
and maximum permissible speed, at around 15.1994 
m/s, to 40.2336 m/s in 1 m/s increments.

Mathematical model
With the body axes system ťxed (Figure 2), through 
to linear quantities transformation (Euler angles) 
the linear velocities and accelerations values were 
resolved as from an initial condition to the per-
turbed state, where roll was (ф) pitch was (ψ) and 
yaw was (ψ). Thus, equilibrium velocities, compo-
nents and the angular rates transformations from 
an airspeed input were calculated (V0) with equa-
tions (2.15) and (2.21) from the bibliographic source 
(Cook, 2012).

With these items, our mathematical model is about 
maneuvering angles and airspeed inputs to deťne 
the initial condition analysis from MatLab®.

Second phase: Responses to aerodynamic 
controls

Aerodynamic stability and control 
derivatives
The aerodynamic stability and control derivatives 
were calculated in Dimensional, Dimensionless and 
Concise format on the longitudinal and lateral-di-
rectional axes with the help of the aerodynamic and 
geometric database, trim condition and mathema-
tical model. Hence, a solution and linearization for 
the equations of motion to determine the transfer 
functions for each axis were necessary. The equa-
tions of motion were in terms of aerodynamic sta-
bility and control derivatives, equations (4.42) and 
(4.47) from the bibliographic source (Cook, 2012), 
those terms were solved to subsonic conditions in 
chapter 13 “Aerodynamic stability and control deri-
vatives” from the bibliographic source (Cook, 2012).

Next, with the stall speed and the maximum per-
missible speed range, the derivatives calculation 
was made for straight and level Ŧight in zero de-
grees in roll, pitch and yaw angles. Next, the results 
are shown at the best glide ratio speed 21.0109 m/s
in British notation and North American notation.

Table 3. Dimensionless longitudinal aerodynamic 
stability and control derivatives

Cxu≡ Xu =  0.0378 Czu≡ Zu =  1.034

Cxa≡ Xw = 0.488 Cza≡ Zw =  5.8117

Cxq≡ 2Xq =  0.0474 Czq≡ 2Zq =  1.9504

Cxa≡ 2Xw =  0.0201· Cza≡ 2Zw =  0.8267·

Cxde≡ Xh =  0.0106 Czde≡ Zh =  0.4351

Cmu≡Mu = 0.00097 Cmq≡ 2Mq =  6.53

Cma
≡Mw =  1.089 Cma

≡ 2Mw =  2.769

Cmde≡Mh =  1.4575

Table 4. Dimensionless lateral-directional aerody-
namic stability and control derivatives

Cyv≡ Yv = 0.3713 Clv≡ Lv = 0.1195

Cyp≡ 2Yp = 0.0535 Clp≡ 2Lp = 0.4958

Cyr≡ 2Yr = 0.1303 Clr≡ 2Lr = 0.1027

CydA
≡ Yξ = 0 CldA

≡ Lξ = 0.4056

CydR
≡ Yζ = 0.2386 CldR

≡ Lζ = 0.0269

Cnv≡ Nv = 0.1303 Cnp≡ 2Np = 0.0417

CndA
≡ Yξ = 0.0061 Cnr≡ 2Nr = 0.0417

CndR
≡ Yζ = 0.0837

Table 5. Dimensional concise longitudinal aerody-
namic stability derivatives

xu = 0.021 1/s zu = 0.57 1/s

mu = -0.032 1/s xw = -0.281 1/s

zw = 3.201 1/s mw = 0.126 1/s

xq = 0.0567 m/s zq = 18.679 m/s

mq = 3.877 1/s x
q
 = 9.81 m/s2

z
q
 = 0 m/s2 m

q
 = 0 1/s2

x
h
 = 0.122 m/s2 z

h
 = 5.036 m/s2

m
h
 = 8.374 1/s2

Table 6. Dimensional concise lateral-directional 
aerodynamic stability derivatives

yv = 0.2115 1/s lv = 0.2111 1/ms

nv = 0.1504 1/ms yp = 0.3996 m/s

lp = 10.9801 1/s nv = 0.1768 1/s

yr = 20.0383 m/s lr = -2.3234 1/s

nr = 0.7905 1/s yφ = 9.81 m/s2

lφ = 0 1/s2 nφ = 0 1/s2

yψ = 0 m/s2 lψ = 0 1/s2

nψ = 0 1/s2 yζ = 0 m/s2

lξ = 14.438 1/s2 nξ = 0.4113 1/s2

yζ = 2.8559 m/s2 lζ = 1.0732 1/s2

nζ = 1.9621 1/s2

Transfers functions
To give solutions to the equations of motion, Lapla-
ce transform was applied to obtain a description 
in the mathematical and graphical form of all the 
responses of aerodynamic controls with respect to 
the input data in angles and maneuver speeds. The 
solution of the equations of motion was governed 
by Cramer’s rule. Thus, replacing the mathematical 
solutions of the aerodynamic stability and control 
derivatives, Cramer’s rule was applied to the matrix 
format of the equations of motion (Kuo & Golna-
raghi, 1995). Consequently, we obtained transfers 
functions in aerodynamic controls given by a com-
mon denominator polynomial and the numerator 
polynomials by each disturbance variable.

Longitudinal transfers functions:

Elevator

Nu

s( )

=
0.122s3 1.807s2 + 32.3s+256.8
s4 + 7.1s3 +15.08s2 +1.091s+1.73

m s

(1)

Nw s( )
s( )

=
5.036s3 167s2 3.788s 48.44
s4 + 7.1s3 +15.08s2 +1.091s+1.73

m s

N s( )
s( )

=
8.375s2 26.36s 196

s4 + 7.1s3 +15.08s2 +1.091s+1.73

N s( )
s( )

=
8.375s3 26.36s2 196s

s4 + 7.1s3 +15.08s2 +1.091s+1.73 s

·
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ťned the plane of symmetry on the OXZ axis, with 
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Thus, there was a variation from the stall speed 
and maximum permissible speed, at around 15.1994 
m/s, to 40.2336 m/s in 1 m/s increments.

Mathematical model
With the body axes system ťxed (Figure 2), through 
to linear quantities transformation (Euler angles) 
the linear velocities and accelerations values were 
resolved as from an initial condition to the per-
turbed state, where roll was (ф) pitch was (ψ) and 
yaw was (ψ). Thus, equilibrium velocities, compo-
nents and the angular rates transformations from 
an airspeed input were calculated (V0) with equa-
tions (2.15) and (2.21) from the bibliographic source 
(Cook, 2012).

With these items, our mathematical model is about 
maneuvering angles and airspeed inputs to deťne 
the initial condition analysis from MatLab®.

Second phase: Responses to aerodynamic 
controls

Aerodynamic stability and control 
derivatives
The aerodynamic stability and control derivatives 
were calculated in Dimensional, Dimensionless and 
Concise format on the longitudinal and lateral-di-
rectional axes with the help of the aerodynamic and 
geometric database, trim condition and mathema-
tical model. Hence, a solution and linearization for 
the equations of motion to determine the transfer 
functions for each axis were necessary. The equa-
tions of motion were in terms of aerodynamic sta-
bility and control derivatives, equations (4.42) and 
(4.47) from the bibliographic source (Cook, 2012), 
those terms were solved to subsonic conditions in 
chapter 13 “Aerodynamic stability and control deri-
vatives” from the bibliographic source (Cook, 2012).

Next, with the stall speed and the maximum per-
missible speed range, the derivatives calculation 
was made for straight and level Ŧight in zero de-
grees in roll, pitch and yaw angles. Next, the results 
are shown at the best glide ratio speed 21.0109 m/s
in British notation and North American notation.

Table 3. Dimensionless longitudinal aerodynamic 
stability and control derivatives

Cxu≡ Xu =  0.0378 Czu≡ Zu =  1.034

Cxa≡ Xw = 0.488 Cza≡ Zw =  5.8117

Cxq≡ 2Xq =  0.0474 Czq≡ 2Zq =  1.9504

Cxa≡ 2Xw =  0.0201· Cza≡ 2Zw =  0.8267·

Cxde≡ Xh =  0.0106 Czde≡ Zh =  0.4351

Cmu≡Mu = 0.00097 Cmq≡ 2Mq =  6.53

Cma
≡Mw =  1.089 Cma

≡ 2Mw =  2.769

Cmde≡Mh =  1.4575

Table 4. Dimensionless lateral-directional aerody-
namic stability and control derivatives

Cyv≡ Yv = 0.3713 Clv≡ Lv = 0.1195

Cyp≡ 2Yp = 0.0535 Clp≡ 2Lp = 0.4958

Cyr≡ 2Yr = 0.1303 Clr≡ 2Lr = 0.1027

CydA
≡ Yξ = 0 CldA

≡ Lξ = 0.4056

CydR
≡ Yζ = 0.2386 CldR

≡ Lζ = 0.0269

Cnv≡ Nv = 0.1303 Cnp≡ 2Np = 0.0417

CndA
≡ Yξ = 0.0061 Cnr≡ 2Nr = 0.0417

CndR
≡ Yζ = 0.0837

Table 5. Dimensional concise longitudinal aerody-
namic stability derivatives

xu = 0.021 1/s zu = 0.57 1/s

mu = -0.032 1/s xw = -0.281 1/s

zw = 3.201 1/s mw = 0.126 1/s

xq = 0.0567 m/s zq = 18.679 m/s

mq = 3.877 1/s x
q
 = 9.81 m/s2

z
q
 = 0 m/s2 m

q
 = 0 1/s2

x
h
 = 0.122 m/s2 z

h
 = 5.036 m/s2

m
h
 = 8.374 1/s2

Table 6. Dimensional concise lateral-directional 
aerodynamic stability derivatives

yv = 0.2115 1/s lv = 0.2111 1/ms

nv = 0.1504 1/ms yp = 0.3996 m/s

lp = 10.9801 1/s nv = 0.1768 1/s

yr = 20.0383 m/s lr = -2.3234 1/s

nr = 0.7905 1/s yφ = 9.81 m/s2

lφ = 0 1/s2 nφ = 0 1/s2

yψ = 0 m/s2 lψ = 0 1/s2

nψ = 0 1/s2 yζ = 0 m/s2

lξ = 14.438 1/s2 nξ = 0.4113 1/s2

yζ = 2.8559 m/s2 lζ = 1.0732 1/s2

nζ = 1.9621 1/s2

Transfers functions
To give solutions to the equations of motion, Lapla-
ce transform was applied to obtain a description 
in the mathematical and graphical form of all the 
responses of aerodynamic controls with respect to 
the input data in angles and maneuver speeds. The 
solution of the equations of motion was governed 
by Cramer’s rule. Thus, replacing the mathematical 
solutions of the aerodynamic stability and control 
derivatives, Cramer’s rule was applied to the matrix 
format of the equations of motion (Kuo & Golna-
raghi, 1995). Consequently, we obtained transfers 
functions in aerodynamic controls given by a com-
mon denominator polynomial and the numerator 
polynomials by each disturbance variable.

Longitudinal transfers functions:

Elevator

Nu

s( )

=
0.122s3 1.807s2 + 32.3s+256.8
s4 + 7.1s3 +15.08s2 +1.091s+1.73

m s

(1)

Nw s( )
s( )

=
5.036s3 167s2 3.788s 48.44
s4 + 7.1s3 +15.08s2 +1.091s+1.73

m s

N s( )
s( )

=
8.375s2 26.36s 196

s4 + 7.1s3 +15.08s2 +1.091s+1.73

N s( )
s( )

=
8.375s3 26.36s2 196s

s4 + 7.1s3 +15.08s2 +1.091s+1.73 s

·
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Lateral-directional transfers functions:

Aileron

Nv s( )
s( )

=
2.471s3 279.1s2 102.6s

s5 +11.9s4 +14.51s3 + 37.9s2 1.7
m s

(2)

N s( )
s( )

=
14.44s3 13.51s2 43.97s

s5 +11.9s4 +14.51s3 + 37.9s2 1.7

N p s( )
s( )

=
14.44s4 13.51s3 43.97s2

s5 +11.9s4 +14.51s3 + 37.9s2 1.7 s

N s( )
s( )

=
0.4113s3 + 7.156s2 +2.328s2 20.45
s5 +11.9s4 +14.51s3 + 37.9s2 1.7

Nr s( )
s( )

=
0.4113s4 + 7.156s3 +2.328s2 20.45s
s5 +11.9s4 +14.51s3 + 37.9s2 1.7s s

Rudder

Nv s( )
s( )

=
2.856s4 + 72.51s3 + 473.5s2 36.4s
s5 +11.9s4 +14.51s3 + 37.9s2 1.7s

m s

(3)

N s( )
s( )

=
1.073s3 4.086s2 5.329s

s5 +11.9s4 +14.51s3 + 37.9s2 1.7s

N p s( )
s( )

=
1.073s4 4.086s3 5.329s2

s5 +11.9s4 +14.51s3 + 37.9s2 1.7s s

N s( )
s( )

=
1.962s3 21.72s2 +0.325s 2.48
s5 +11.9s4 +14.51s3 + 37.9s2 1.7s

Nr s( )
s( )

=
1.962s4 21.72s3 +0.325s2 2.48s
s5 +11.9s4 +14.51s3 + 37.9s2 1.7s s

Response to controls
By each transfer function, the responses to con-
trols by disturbances and accelerations were cal-
culated, the initial value theorem and ťnal value 
theorem was used allowing what  the initial starting 
condition is to be known, and the steady state value 
of the dynamic system by each transfer function, 
equation (4) (Kuo & Golnaraghi, 1995).

f t( )t = lim
s 0

sf s( )( )
(4)

f t( )t = lim
s

sf s( )( )

With the responses to controls it was possible to 
determine the total linear velocity components, 
equation (2.1), and the rate of change of height due 

to the perturbation in motion, equation (2.17) in the 
chapter 2 “Systems of axes notation” from the bi-
bliographic source (Cook, 2012), describing the ťnal 
state of glider disturbance in a better way.

Third phase: Stability 
responses
Static stability
The lateral-directional static stability was determi-
ned assuming that lift component acts above the 
OX axis on the ťn aerodynamic center, mathemati-
cally expressed:

dCL

d
< 0

(5)
dCL

d
=VF

hF
lF
a1F

In the longitudinal static stability, the range of gra-
vity center position determined the acceptable 
margins of stability. The aft limit often corresponds 
with the controls ťxed neutral point hn, whereas 
the forward limit is determined by the maximum 
permissible stability margin Kn. Where too much 
stability can be as hazardous as too little stability, 
and thus, for each permissible speed by the v-n dia-
gram, hn  and Kn  had a different value, where tho-
se values ensured the glider’s and pilot’s integrity 
(Cook, 2012), therefore:

Kn = h h0( ) VT
a1
a
1 d

d (6)

hn = h0 +VT
a1
a
1 d

d (7)

Dynamic stability
Once all the transfer functions were determined, 
these completely describe the linear dynamic res-
ponse to a control input identiťed with the oscilla-
tion modes. With the help of the damp( ) command 
in MatLab® software and chapter 6 and 7 from the 
bibliographic source (Cook, 2012) for subsonic con-
ditions, the dynamic properties were obtained gi-
ven by the equations 6.2, 6.3, 6.4, 6.5, 7.2, 7.3, 7.4, 
7.5, 7.6, 7.7, 7.8 and 7.9:

Flying and handling qualities 
analysis
From the characteristic oscillation modes on the 
longitudinal and lateral-directional axes an analy-
sis was performed through the Control Anticipation 
Parameter (CAP), Routh–Hurwitz stability criterion 
and the longitudinal and lateral–directional Ŧying 
qualities requirements.

The control anticipation parameter was determi-
ned to know the precise adjustments for the Ŧight 
path, using the angular pitching acceleration. The 
system’s stability condition was tested with the 
Routh–Hurwitz criterion, and the stability from 
the type of airplane and the Ŧight phase (Nelson, 
1998) was studied through the Ŧying qualities 
requirements.

Results
Trim conditions calculation
Table 8. Trim condition data

V0
m
s M0 he CL Cm Cm L/D

15.1994 0.044 8.96 0.510 0.019 -0.014 25.8
16.1994 0.047 8.83 0.513 0.019 -0.013 25.9
17.1994 0.050 9.1 0.516 0.019 -0.013 26.1
18.1994 0.053 9.1 0.516 0.019 -0.013 26.2
19.1994 0.056 8.99 0.516 0.019 -0.013 26.3
20.1994 0.059 8.68 0.487 0.018 -0.008 26.6
21.0109 0.061 8.92 0.515 0.019 -0.013 26.5
22.1994 0.065 9.04 0.516 0.019 -0.013 26.6
23.1994 0.068 8.74 0.492 0.018 -0.008 26.9
24.1994 0.071 9.04 0.515 0.019 -0.013 26.8
25.1994 0.074 9.02 0.514 0.019 -0.013 26.9
26.1994 0.076 9.05 0.514 0.019 -0.013 27
27.1994 0.079 9.08 0.515 0.019 -0.013 27.1
28.1994 0.082 9.14 0.515 0.018 -0.013 27.1
29.1994 0.085 9.07 0.515 0.018 -0.013 27.2
30.1994 0.088 9.09 0.516 0.018 -0.012 27.3
31.1994 0.091 8.94 0.516 0.018 -0.012 27.3
32.1994 0.094 9.09 0.517 0.018 -0.012 27.4
33.1994 0.097 9.1 0.519 0.018 -0.012 27.4
34.1994 0.100 9.1 0.521 0.018 -0.012 27.5
35.1994 0.103 9.11 0.518 0.018 -0.012 27.6

V0
m
s M0 he CL Cm Cm L/D

36.1994 0.106 9.12 0.516 0.018 -0.013 27.6
37.1994 0.109 9.14 0.517 0.018 -0.012 27.7
38.1994 0.112 9.16 0.518 0.018 -0.012 27.7
39.1994 0.115 9.20 0.517 0.018 -0.013 27.8
40.2336 0.118 8.88 0.491 0.017 -0.007 28.1

Responses to aerodynamic 
controls
To see the MatLab® graphs (step, impulse and ramp) 
about responses to aerodynamic controls, you are 
invited to read the bibliography source (Castellanos 
& Rodríguez, 2019) in section 9.2 “Respuestas en 
control aerodinámicos”.

Table 9. Responses to aerodynamic controls by dis-
turbance variables

Elevator

Initial Final

u(t) 0.0 m/s 148.3467 m/s Axial velocity

w(t) 0.0 m/s 27.9841 m/s Normal velocity

q(t) 0.0 ° 1.1324 ° Pitch angle

q(t) 0.0 °/s 0.0 °/s Pitch rate

Ailerons

Initial Final

v(t) 0.0 m/s 57.3086 m/s Lateral velocity

φ(t) 0.0 ° 24.5638 ° Roll angle

p(t) 0.0 °/s 0.0 °/s Roll rate

r(t) 0.0 °/s 11.4205 °/s Yaw rate

Rudder

Initial Final

v(t) 0.0 m/s 20.3318 m/s Lateral velocity

φ(t) 0.0 ° 2.9767 ° Roll angle

p(t) 0.0 °/s 0.0 °/s Roll rate

ψ(t) 0.0 ° 0.0 ° Yaw angle

r(t) 0.0 °/s 1.3852 °/s Yaw rate
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Lateral-directional transfers functions:

Aileron

Nv s( )
s( )

=
2.471s3 279.1s2 102.6s

s5 +11.9s4 +14.51s3 + 37.9s2 1.7
m s

(2)

N s( )
s( )

=
14.44s3 13.51s2 43.97s

s5 +11.9s4 +14.51s3 + 37.9s2 1.7

N p s( )
s( )

=
14.44s4 13.51s3 43.97s2

s5 +11.9s4 +14.51s3 + 37.9s2 1.7 s

N s( )
s( )

=
0.4113s3 + 7.156s2 +2.328s2 20.45
s5 +11.9s4 +14.51s3 + 37.9s2 1.7

Nr s( )
s( )

=
0.4113s4 + 7.156s3 +2.328s2 20.45s
s5 +11.9s4 +14.51s3 + 37.9s2 1.7s s

Rudder

Nv s( )
s( )

=
2.856s4 + 72.51s3 + 473.5s2 36.4s
s5 +11.9s4 +14.51s3 + 37.9s2 1.7s

m s

(3)

N s( )
s( )

=
1.073s3 4.086s2 5.329s

s5 +11.9s4 +14.51s3 + 37.9s2 1.7s

N p s( )
s( )

=
1.073s4 4.086s3 5.329s2

s5 +11.9s4 +14.51s3 + 37.9s2 1.7s s

N s( )
s( )

=
1.962s3 21.72s2 +0.325s 2.48
s5 +11.9s4 +14.51s3 + 37.9s2 1.7s

Nr s( )
s( )

=
1.962s4 21.72s3 +0.325s2 2.48s
s5 +11.9s4 +14.51s3 + 37.9s2 1.7s s

Response to controls
By each transfer function, the responses to con-
trols by disturbances and accelerations were cal-
culated, the initial value theorem and ťnal value 
theorem was used allowing what  the initial starting 
condition is to be known, and the steady state value 
of the dynamic system by each transfer function, 
equation (4) (Kuo & Golnaraghi, 1995).

f t( )t = lim
s 0

sf s( )( )
(4)

f t( )t = lim
s

sf s( )( )

With the responses to controls it was possible to 
determine the total linear velocity components, 
equation (2.1), and the rate of change of height due 

to the perturbation in motion, equation (2.17) in the 
chapter 2 “Systems of axes notation” from the bi-
bliographic source (Cook, 2012), describing the ťnal 
state of glider disturbance in a better way.

Third phase: Stability 
responses
Static stability
The lateral-directional static stability was determi-
ned assuming that lift component acts above the 
OX axis on the ťn aerodynamic center, mathemati-
cally expressed:

dCL

d
< 0

(5)
dCL

d
=VF

hF
lF
a1F

In the longitudinal static stability, the range of gra-
vity center position determined the acceptable 
margins of stability. The aft limit often corresponds 
with the controls ťxed neutral point hn, whereas 
the forward limit is determined by the maximum 
permissible stability margin Kn. Where too much 
stability can be as hazardous as too little stability, 
and thus, for each permissible speed by the v-n dia-
gram, hn  and Kn  had a different value, where tho-
se values ensured the glider’s and pilot’s integrity 
(Cook, 2012), therefore:

Kn = h h0( ) VT
a1
a
1 d

d (6)

hn = h0 +VT
a1
a
1 d

d (7)

Dynamic stability
Once all the transfer functions were determined, 
these completely describe the linear dynamic res-
ponse to a control input identiťed with the oscilla-
tion modes. With the help of the damp( ) command 
in MatLab® software and chapter 6 and 7 from the 
bibliographic source (Cook, 2012) for subsonic con-
ditions, the dynamic properties were obtained gi-
ven by the equations 6.2, 6.3, 6.4, 6.5, 7.2, 7.3, 7.4, 
7.5, 7.6, 7.7, 7.8 and 7.9:

Flying and handling qualities 
analysis
From the characteristic oscillation modes on the 
longitudinal and lateral-directional axes an analy-
sis was performed through the Control Anticipation 
Parameter (CAP), Routh–Hurwitz stability criterion 
and the longitudinal and lateral–directional Ŧying 
qualities requirements.

The control anticipation parameter was determi-
ned to know the precise adjustments for the Ŧight 
path, using the angular pitching acceleration. The 
system’s stability condition was tested with the 
Routh–Hurwitz criterion, and the stability from 
the type of airplane and the Ŧight phase (Nelson, 
1998) was studied through the Ŧying qualities 
requirements.

Results
Trim conditions calculation
Table 8. Trim condition data

V0
m
s M0 he CL Cm Cm L/D

15.1994 0.044 8.96 0.510 0.019 -0.014 25.8
16.1994 0.047 8.83 0.513 0.019 -0.013 25.9
17.1994 0.050 9.1 0.516 0.019 -0.013 26.1
18.1994 0.053 9.1 0.516 0.019 -0.013 26.2
19.1994 0.056 8.99 0.516 0.019 -0.013 26.3
20.1994 0.059 8.68 0.487 0.018 -0.008 26.6
21.0109 0.061 8.92 0.515 0.019 -0.013 26.5
22.1994 0.065 9.04 0.516 0.019 -0.013 26.6
23.1994 0.068 8.74 0.492 0.018 -0.008 26.9
24.1994 0.071 9.04 0.515 0.019 -0.013 26.8
25.1994 0.074 9.02 0.514 0.019 -0.013 26.9
26.1994 0.076 9.05 0.514 0.019 -0.013 27
27.1994 0.079 9.08 0.515 0.019 -0.013 27.1
28.1994 0.082 9.14 0.515 0.018 -0.013 27.1
29.1994 0.085 9.07 0.515 0.018 -0.013 27.2
30.1994 0.088 9.09 0.516 0.018 -0.012 27.3
31.1994 0.091 8.94 0.516 0.018 -0.012 27.3
32.1994 0.094 9.09 0.517 0.018 -0.012 27.4
33.1994 0.097 9.1 0.519 0.018 -0.012 27.4
34.1994 0.100 9.1 0.521 0.018 -0.012 27.5
35.1994 0.103 9.11 0.518 0.018 -0.012 27.6

V0
m
s M0 he CL Cm Cm L/D

36.1994 0.106 9.12 0.516 0.018 -0.013 27.6
37.1994 0.109 9.14 0.517 0.018 -0.012 27.7
38.1994 0.112 9.16 0.518 0.018 -0.012 27.7
39.1994 0.115 9.20 0.517 0.018 -0.013 27.8
40.2336 0.118 8.88 0.491 0.017 -0.007 28.1

Responses to aerodynamic 
controls
To see the MatLab® graphs (step, impulse and ramp) 
about responses to aerodynamic controls, you are 
invited to read the bibliography source (Castellanos 
& Rodríguez, 2019) in section 9.2 “Respuestas en 
control aerodinámicos”.

Table 9. Responses to aerodynamic controls by dis-
turbance variables

Elevator

Initial Final

u(t) 0.0 m/s 148.3467 m/s Axial velocity

w(t) 0.0 m/s 27.9841 m/s Normal velocity

q(t) 0.0 ° 1.1324 ° Pitch angle

q(t) 0.0 °/s 0.0 °/s Pitch rate

Ailerons

Initial Final

v(t) 0.0 m/s 57.3086 m/s Lateral velocity

φ(t) 0.0 ° 24.5638 ° Roll angle

p(t) 0.0 °/s 0.0 °/s Roll rate

r(t) 0.0 °/s 11.4205 °/s Yaw rate

Rudder

Initial Final

v(t) 0.0 m/s 20.3318 m/s Lateral velocity

φ(t) 0.0 ° 2.9767 ° Roll angle

p(t) 0.0 °/s 0.0 °/s Roll rate

ψ(t) 0.0 ° 0.0 ° Yaw angle

r(t) 0.0 °/s 1.3852 °/s Yaw rate
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Table 10. Responses to aerodynamic controls by 
accelerations

Elevator
Initial Final

ax 0.1224 m/s2 0.0 m/s2 Axial acceleration
ay 0.0 m/s2 0.0 m/s2 Lateral acceleration
az 5.036 m/s2 0.0 m/s2 Normal acceleration

Aileron
Initial Final

ax 0.0 m/s2 0.0 m/s2 Axial acceleration
ay 0.0 m/s2 239.9556 m/s2 Lateral acceleration
az 0.0 m/s2 0.0 m/s2 Normal acceleration

Rudder
Initial Final

ax 0.0 m/s2 0.0 m/s2 Axial acceleration
ay 2.8559 m/s2 29.1039 m/s2 Lateral acceleration
az 0.0 m/s2 0.0 m/s2 Normal acceleration

Total velocities
U = 21.0109 m/s + 148.3467 m/s = 169.357 m/s

Vξ = 0 m/s + 57.3086 m/s = 57.3086 m/s

Vζ = 0 m/s + 20.3318 m/s = 20.3318 m/s

W = 0 m/s  27.9841 m/s = 27.9841 m/s

z
·hξ = 27.98 m/s

·hζ = 27.98 m/s

Stability responses

Table 11. Static stability response

Longitudinal axis Lateral 
axis

V0
m
s M0 Kn hn

dC1
d

15.1994 0.044 0.1930 0.4489 -0.0404

16.1994 0.047 0.1880 0.4440 -0.0406

17.1994 0.050 0.1914 0.4473 -0.0408

18.1994 0.053 0.1917 0.4477 -0.0405

19.1994 0.056 0.1890 0.4450 -0.0397

20.1994 0.059 0.1913 0.4473 -0.0408

21.0109 0.061 0.1880 0.4440 -0.0404

22.1994 0.062 0.1900 0.4460 -0.0406

23.1994 0.068 0.1888 0.4447 -0.0405

24.1994 0.071 0.1910 0.4469 -0.0404

25.1994 0.074 0.1909 0.4469 -0.0406

26.1994 0.076 0.1917 0.4476 -0.0409

27.1994 0.079 0.1916 0.4476 -0.0412

28.1994 0.082 0.1934 0.4494 -0.0406

29.1994 0.085 0.1917 0.4476 -0.0408

30.1994 0.088 0.1913 0.4473 -0.0406

Longitudinal axis Lateral 
axis

V0
m
s M0 Kn hn

dC1
d

31.1994 0.091 0.1883 0.4442 -0.0407

32.1994 0.094 0.1902 0.4461 -0.0406

33.1994 0.097 0.1889 0.4448 -0.0407

34.1994 0.100 0.1875 0.4434 -0.0408

35.1994 0.103 0.1904 0.4464 -0.0409

36.1994 0.106 0.1917 0.4477 -0.0411

37.1994 0.109 0.1915 0.4475 -0.0413

38.1994 0.112 0.1914 0.4474 -0.0414

39.1994 0.115 0.1928 0.4487 -0.0409

40.2336 0.118 0.1926 0.4486 -0.0408

To see the MatLab® graphs (Bode diagram and Root 
place), you are invited to read the bibliography sour-
ce (Castellanos & Rodríguez, 2019) in section 9.3 
“Respuestas de estabilidad estática y dinámica”

Table 12. Dynamic stability by elevator

u k q q

ku = 0.12 kw = 5.03 kq = 8.37 kq = 8.37
Tu = -0.07 s Ta = 0.02 s

Tq1 = 13.12 s Tq1 = 13.12 s
ζu = 1.19 ζu = 0.01

wu = 12.14 rad/s wa = 0.52 rad/s Tq2 = 0.32 s Tq2 = 0.32 s
Mode

Phugoid
ζd = 0.0261

wp = 0.341 rad/s

Short period
ζs = 0.919

wp = 3.851 rad/s

Table 13. Dynamic stability by ailerons

v p r φ

kv =  2.47 kp =  14.44 kr =  0.41 kφ =  14.44

Tß1 =  2.71 s ζφ = 0.268
Tψ = 0.675 s

ζφ = 0.268
ζψ = 1.62

Tß2 = 0.008 s wφ = 1.74 rad/s wψ = 5.79 rad/s wφ = 1.74 rad/s

Mode

Dutch roll
ζd = 0.2806
wd = 1.875 rad/s

Roll Tr = 0.0911 s
Spiral Ts = 21.563 s

Table 14. Dynamic stability by rudder

v p r φ

kv =  2.47 kp = 1.07 kr =  1.96 kφ = 1.07

Tß1 = 13.16 s Tφ1 = 0.206 s
Tψ = 0.0901 s

Tφ1 = 0.206 s
ζψ = 0.0373

ζv = 0.983 Tφ2 = 0.973 s wψ = 0.337 rad/s Tφ2 = 0.973 s

Mode

Dutch roll
ζd = 0.2806
wd = 1.875 rad/s

Roll Tr = 0.0911 s
Spiral Ts = 21.563 s

Flying and handling qualities responses

Table 15. Flying and handling qualities glider data

Aeroplane type Class I

Flight phase Category C

Short period mode damping ζs = 0.919

Phugoid damping ratio ζp = 0.0261

CAP 2.1628

Roll mode time constant Tr = 0.0911 s

Spiral mode time constant Ts = 21.563 s

Dutch roll damping
ζd = 0.2806

ζdwd = 0.5261 rad/s

Dutch roll frequency wd = 1.875 rad/s

Longitudinal axis

Mode Levels of Ŧying qualities

CAP Level 1

CAP = 2.1628
Level 2

Level 3

Short period Level 1

ζs = 0.919
Level 2

Level 3

Phugoid Level 2

ζp = 0.0261 Level 3

Lateral-directional axis

Mode Levels of Ŧying qualities

Roll Level 1

Tr = 0.0911 s
Level 2

Level 3

Spiral Level 1

Ts = 21.563 s
Level 2

Level 3

Dutch roll

ζd = 0.2806 Level 1

ζdwd = 0.5261 rad/s Level 2

wd = 1.875 rad/s Level 3
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Table 10. Responses to aerodynamic controls by 
accelerations
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Initial Final
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Initial Final
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W = 0 m/s  27.9841 m/s = 27.9841 m/s

z
·hξ = 27.98 m/s

·hζ = 27.98 m/s

Stability responses

Table 11. Static stability response

Longitudinal axis Lateral 
axis

V0
m
s M0 Kn hn

dC1
d
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19.1994 0.056 0.1890 0.4450 -0.0397
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23.1994 0.068 0.1888 0.4447 -0.0405

24.1994 0.071 0.1910 0.4469 -0.0404

25.1994 0.074 0.1909 0.4469 -0.0406

26.1994 0.076 0.1917 0.4476 -0.0409
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28.1994 0.082 0.1934 0.4494 -0.0406

29.1994 0.085 0.1917 0.4476 -0.0408

30.1994 0.088 0.1913 0.4473 -0.0406

Longitudinal axis Lateral 
axis

V0
m
s M0 Kn hn

dC1
d

31.1994 0.091 0.1883 0.4442 -0.0407

32.1994 0.094 0.1902 0.4461 -0.0406

33.1994 0.097 0.1889 0.4448 -0.0407

34.1994 0.100 0.1875 0.4434 -0.0408

35.1994 0.103 0.1904 0.4464 -0.0409

36.1994 0.106 0.1917 0.4477 -0.0411

37.1994 0.109 0.1915 0.4475 -0.0413

38.1994 0.112 0.1914 0.4474 -0.0414

39.1994 0.115 0.1928 0.4487 -0.0409

40.2336 0.118 0.1926 0.4486 -0.0408

To see the MatLab® graphs (Bode diagram and Root 
place), you are invited to read the bibliography sour-
ce (Castellanos & Rodríguez, 2019) in section 9.3 
“Respuestas de estabilidad estática y dinámica”
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Tu = -0.07 s Ta = 0.02 s
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Table 13. Dynamic stability by ailerons

v p r φ

kv =  2.47 kp =  14.44 kr =  0.41 kφ =  14.44

Tß1 =  2.71 s ζφ = 0.268
Tψ = 0.675 s

ζφ = 0.268
ζψ = 1.62

Tß2 = 0.008 s wφ = 1.74 rad/s wψ = 5.79 rad/s wφ = 1.74 rad/s

Mode

Dutch roll
ζd = 0.2806
wd = 1.875 rad/s

Roll Tr = 0.0911 s
Spiral Ts = 21.563 s

Table 14. Dynamic stability by rudder

v p r φ

kv =  2.47 kp = 1.07 kr =  1.96 kφ = 1.07

Tß1 = 13.16 s Tφ1 = 0.206 s
Tψ = 0.0901 s

Tφ1 = 0.206 s
ζψ = 0.0373

ζv = 0.983 Tφ2 = 0.973 s wψ = 0.337 rad/s Tφ2 = 0.973 s

Mode

Dutch roll
ζd = 0.2806
wd = 1.875 rad/s

Roll Tr = 0.0911 s
Spiral Ts = 21.563 s

Flying and handling qualities responses

Table 15. Flying and handling qualities glider data

Aeroplane type Class I

Flight phase Category C

Short period mode damping ζs = 0.919

Phugoid damping ratio ζp = 0.0261

CAP 2.1628

Roll mode time constant Tr = 0.0911 s

Spiral mode time constant Ts = 21.563 s

Dutch roll damping
ζd = 0.2806

ζdwd = 0.5261 rad/s

Dutch roll frequency wd = 1.875 rad/s

Longitudinal axis

Mode Levels of Ŧying qualities

CAP Level 1

CAP = 2.1628
Level 2

Level 3

Short period Level 1

ζs = 0.919
Level 2

Level 3

Phugoid Level 2

ζp = 0.0261 Level 3

Lateral-directional axis

Mode Levels of Ŧying qualities

Roll Level 1

Tr = 0.0911 s
Level 2

Level 3

Spiral Level 1

Ts = 21.563 s
Level 2

Level 3

Dutch roll

ζd = 0.2806 Level 1

ζdwd = 0.5261 rad/s Level 2

wd = 1.875 rad/s Level 3

174 175

Vol. 14   |   Nº. 2   |  Julio-Diciembre de 2019   |   Ciencia y Poder AéreoRevista Cientíťca de la Escuela de Postgrados de la Fuerza Aérea Colombiana   |   ISSN 1909-7050   |   E-ISSN 2389-9468



Routh–Hurwitz criterion
Longitudinal axis
D(s)long = s4 + 7.1s3 + 15.08s2 + 1.091s + 1.73

8.92e  03 + 3.41e  01i

8.92e  03  3.41e  01i

3.54e  00 + 1.52e  00i

3.54e  00  1.52e + 00i

Lateral-directional axis
D(s)lat = s5 + 11.9s4 + 14.51s3 + 37.9s2  1.7s

0.00e + 00

4.64e  02

5.26e  01 + 1.80e + 00i

5.26e  01  1.80e + 00i

1.10e + 01

Control Anticipation Parameter CAP
To know how to ťnd the control anticipation para-
meter (CAP), you are invited to read the bibliography 
source (Castellanos & Rodríguez, 2019) in section 
8.3.2, tittle “Control Anticipation Parameter CAP”.

CAP = 2.1628

Discussion
On the total trim conditions calculation, the ae-
rodynamic and geometric conťguration determi-
ne the increase or decrease of the aerodynamic 
coeŨcients values conditioning to he. In negative 
maneuvers, the elevator deŦection is maximum at 
2.20° < he < 2.74° approximately; and in positi-
ve maneuvers it is maximum at 2.14° < he < 20.5°, 
where in both cases, the elevator deŦections are 
within the permissible margins by the type certiť-
cate, 25° up and 21° down (Department of Transpor-
tation FAA, 2007).

Considering an initial state of straight and level 
Ŧight in the stall speed, the aerodynamic stabili-
ty and control derivatives numerical quantity will 

be lower than in the maximum admissible speed, 
reŦected in the transfer functions with greater or 
lesser amounts in their values. Under these consi-
derations, at stall speed, the transfer functions will 
have smaller numerical quantities with high dam-
ping ratios and time response; at the maximum 
permissible speed, that effect will be different, 
there the transfer functions will have larger nume-
rical quantities with low damping ratios and time 
response. These conditions are linearly reŦected 
in the perturbation and acceleration responses, 
regardless of the maneuver, for low speed, the ae-
rodynamic controls responses will be smaller the 
numerical amounts, and contrary to high speeds.

The stability will vary for each maneuver, where in 
negative maneuvers the stability and the recovery 
time to a stable condition decrease; and in posi-
tive maneuvers the stability and recovery time 
increase to a stable condition. Similarly, the ae-
rodynamic conťguration for angles of incidence, 
dihedral effect, sweep angle and primary control 
surfaces would vary the Ŧight and handling quali-
ties. As for the angles of attack and the primary 
control surfaces, their variation would genera-
te longitudinal pitching moments, increasing the 
range of maneuver angles while maintaining the 
trim conditions.

Engines: The direction and magnitude of the power 
inŦuences the airframe and the movement, and an 
aeroelastic analysis helps to take it into account. 
The fuel consumption is assumed as constant and 
very slow; therefore, the mass will always be the 
same in any phase of Ŧight. Finally, in the two or 
more engines conťguration, a different power mag-
nitude for each engine would cause changes in di-
rection not desired by the pilot, inŦuencing not only 
the Ŧight path, but also in the downwash or upwash.

Atmosphere and speed margins: Its inŦuence is 
on the Reynolds and Mach number, by compressi-
bility effects. In the low Mach numbers, there are 
no variations in the calculations, being zero or in-
signiťcant. In contrast, at high Mach numbers, it 
is important to consider as a factor of variation in 
the aerodynamic analysis and in the Aerodynamic 
stability and control derivatives calculations, espe-
cially at high disturbance angles where the aerod-
ynamic effects are not linear. Likewise, a Viscous 
or non-viscous Ŧuid would require more structural 

work, and the pilot, would have more physical wor-
kload to establish a Ŧight path.

Aerodynamic: The Ŧight mission for which the air-
craft have been designed inŦuences the aerody-
namic. For acrobatic and heavy aircraft, very low 
stability levels are allowed to take advantage of this 
lack of stability to increase maneuverability. In this 
way, factors like a dihedral angle, sweep angle, in-
cidences, airfoil type and location on the airframe, 
guarantee these design requirements. A negative 
dihedral angle allows maneuvers with very high an-
gles tending to destabilize the aircraft, therefore, it 
is allowed for combat, acrobatics, cargo and pass-
enger aircraft. In contrast, a positive dihedral angle 
allows better recoveries in stall speed maneuvers, 
increasing the stability; these same effects are 
reproduced at the sweep angle, where high sweep 
angles will be for acrobatic and large aircraft with 
no-linear maneuvers. In simple aircraft conťgura-
tions with simple Ŧight missions, it becomes zero. 
The angle of incidence, airfoil type and airframe lo-
cation determine the pitch moment, and therefore, 
they are important in the trim longitudinal condi-
tion by the downwash and the upwash. An impor-
tant topic not studied is the aircraft lateral drag, is 
that its inŦuence is very diŨcult to calculate, but 
with great importance in lateral-directional stabi-
lity being a stability factor recovery together with 
the main wing aerodynamic effects, make a specia-
list software necessary to obtain them.

Conclusions
The main wing and tail plane incidence are the 
most important geometric parameters to deter-
mine the trim conditions calculation. For this re-
ason, it is understood that the aerodynamic and 
geometric effects will provide pitching moments; 
therefore, the elevator is the most important ae-
rodynamic control surface to generate that trim 
condition, while its angular deŦection is within the 
type certiťcate margins.

The Mach number regime and the reference axis 
system will allow being accurate with the aerody-
namic stability and control derivatives responses. 
In the permissible speed ranges, the aerodynamic 
stability and control derivatives will have an inťnity 
of results for any Ŧight condition depending on trim 
conditions calculation.

The effects of the aerodynamic conťguration with 
respect to the geometric conťguration determine 
the static and dynamic stability, which at the same 
time will give a state of Ŧight and handling qualities. 
This is important to make any modiťcation in these 
two aspects from maintenance and engineering envi-
ronments, or from a primary design phase.

For future works, there is the opportunity to study 
from direct calculations in a wind tunnel with pro-
totypes to scale. This way, besides corroborating 
possible errors, we can take into account effects of 
proťle thickness from changes in the angles of in-
cidence, effects of air compressibility; and therefo-
re, to improve the methodology in the development 
of studies of Ŧight and handling qualities based on 
static and dynamic stability. In this way, we would 
allow more complex calculations with non-linear 
equations in maneuvers and aircraft of higher cate-
gories, creating a margin of work possibilities in the 
Ŧight phases and in electronic control.

Finally, from the aerodynamics and geometrical 
conťguration, the static and dynamic stability 
responses for the glider Schweizer SGU 2-22, refe-
renced by Ŧight and handling qualities standards, 
it can be concluded that each characteristic stabi-
lity mode is within the allowed ranges. Therefore, 
we understand that the glider will provide opti-
mum performance in any aerial maneuver that the 
pilot wants to execute, giving a high performance 
margin without any fault or failure occurring in 
airframe or systems that degrade the level of Ŧ-
ying qualities with an acceptable pilot workload; 
where in all cases the glider met the maximum and 
minimum Ŧight qualities levels. This allows us to 
conclude that the geometrical and aerodynamic 
conťguration meets the requirements for the 
Schweizer SGU 2-22 to be an aerial training aircraft 
with high work margins in Ŧight, knowing that this 
study is done without taking into account an elec-
tronic control and automatic pilot, which in case 
of their implementation, would allow to increase 
the Ŧight and handling qualities levels. 
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source (Castellanos & Rodríguez, 2019) in section 
8.3.2, tittle “Control Anticipation Parameter CAP”.
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Discussion
On the total trim conditions calculation, the ae-
rodynamic and geometric conťguration determi-
ne the increase or decrease of the aerodynamic 
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maneuvers, the elevator deŦection is maximum at 
2.20° < he < 2.74° approximately; and in positi-
ve maneuvers it is maximum at 2.14° < he < 20.5°, 
where in both cases, the elevator deŦections are 
within the permissible margins by the type certiť-
cate, 25° up and 21° down (Department of Transpor-
tation FAA, 2007).

Considering an initial state of straight and level 
Ŧight in the stall speed, the aerodynamic stabili-
ty and control derivatives numerical quantity will 

be lower than in the maximum admissible speed, 
reŦected in the transfer functions with greater or 
lesser amounts in their values. Under these consi-
derations, at stall speed, the transfer functions will 
have smaller numerical quantities with high dam-
ping ratios and time response; at the maximum 
permissible speed, that effect will be different, 
there the transfer functions will have larger nume-
rical quantities with low damping ratios and time 
response. These conditions are linearly reŦected 
in the perturbation and acceleration responses, 
regardless of the maneuver, for low speed, the ae-
rodynamic controls responses will be smaller the 
numerical amounts, and contrary to high speeds.

The stability will vary for each maneuver, where in 
negative maneuvers the stability and the recovery 
time to a stable condition decrease; and in posi-
tive maneuvers the stability and recovery time 
increase to a stable condition. Similarly, the ae-
rodynamic conťguration for angles of incidence, 
dihedral effect, sweep angle and primary control 
surfaces would vary the Ŧight and handling quali-
ties. As for the angles of attack and the primary 
control surfaces, their variation would genera-
te longitudinal pitching moments, increasing the 
range of maneuver angles while maintaining the 
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Engines: The direction and magnitude of the power 
inŦuences the airframe and the movement, and an 
aeroelastic analysis helps to take it into account. 
The fuel consumption is assumed as constant and 
very slow; therefore, the mass will always be the 
same in any phase of Ŧight. Finally, in the two or 
more engines conťguration, a different power mag-
nitude for each engine would cause changes in di-
rection not desired by the pilot, inŦuencing not only 
the Ŧight path, but also in the downwash or upwash.
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on the Reynolds and Mach number, by compressi-
bility effects. In the low Mach numbers, there are 
no variations in the calculations, being zero or in-
signiťcant. In contrast, at high Mach numbers, it 
is important to consider as a factor of variation in 
the aerodynamic analysis and in the Aerodynamic 
stability and control derivatives calculations, espe-
cially at high disturbance angles where the aerod-
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or non-viscous Ŧuid would require more structural 

work, and the pilot, would have more physical wor-
kload to establish a Ŧight path.

Aerodynamic: The Ŧight mission for which the air-
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stability levels are allowed to take advantage of this 
lack of stability to increase maneuverability. In this 
way, factors like a dihedral angle, sweep angle, in-
cidences, airfoil type and location on the airframe, 
guarantee these design requirements. A negative 
dihedral angle allows maneuvers with very high an-
gles tending to destabilize the aircraft, therefore, it 
is allowed for combat, acrobatics, cargo and pass-
enger aircraft. In contrast, a positive dihedral angle 
allows better recoveries in stall speed maneuvers, 
increasing the stability; these same effects are 
reproduced at the sweep angle, where high sweep 
angles will be for acrobatic and large aircraft with 
no-linear maneuvers. In simple aircraft conťgura-
tions with simple Ŧight missions, it becomes zero. 
The angle of incidence, airfoil type and airframe lo-
cation determine the pitch moment, and therefore, 
they are important in the trim longitudinal condi-
tion by the downwash and the upwash. An impor-
tant topic not studied is the aircraft lateral drag, is 
that its inŦuence is very diŨcult to calculate, but 
with great importance in lateral-directional stabi-
lity being a stability factor recovery together with 
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list software necessary to obtain them.
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The main wing and tail plane incidence are the 
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mine the trim conditions calculation. For this re-
ason, it is understood that the aerodynamic and 
geometric effects will provide pitching moments; 
therefore, the elevator is the most important ae-
rodynamic control surface to generate that trim 
condition, while its angular deŦection is within the 
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The Mach number regime and the reference axis 
system will allow being accurate with the aerody-
namic stability and control derivatives responses. 
In the permissible speed ranges, the aerodynamic 
stability and control derivatives will have an inťnity 
of results for any Ŧight condition depending on trim 
conditions calculation.

The effects of the aerodynamic conťguration with 
respect to the geometric conťguration determine 
the static and dynamic stability, which at the same 
time will give a state of Ŧight and handling qualities. 
This is important to make any modiťcation in these 
two aspects from maintenance and engineering envi-
ronments, or from a primary design phase.

For future works, there is the opportunity to study 
from direct calculations in a wind tunnel with pro-
totypes to scale. This way, besides corroborating 
possible errors, we can take into account effects of 
proťle thickness from changes in the angles of in-
cidence, effects of air compressibility; and therefo-
re, to improve the methodology in the development 
of studies of Ŧight and handling qualities based on 
static and dynamic stability. In this way, we would 
allow more complex calculations with non-linear 
equations in maneuvers and aircraft of higher cate-
gories, creating a margin of work possibilities in the 
Ŧight phases and in electronic control.

Finally, from the aerodynamics and geometrical 
conťguration, the static and dynamic stability 
responses for the glider Schweizer SGU 2-22, refe-
renced by Ŧight and handling qualities standards, 
it can be concluded that each characteristic stabi-
lity mode is within the allowed ranges. Therefore, 
we understand that the glider will provide opti-
mum performance in any aerial maneuver that the 
pilot wants to execute, giving a high performance 
margin without any fault or failure occurring in 
airframe or systems that degrade the level of Ŧ-
ying qualities with an acceptable pilot workload; 
where in all cases the glider met the maximum and 
minimum Ŧight qualities levels. This allows us to 
conclude that the geometrical and aerodynamic 
conťguration meets the requirements for the 
Schweizer SGU 2-22 to be an aerial training aircraft 
with high work margins in Ŧight, knowing that this 
study is done without taking into account an elec-
tronic control and automatic pilot, which in case 
of their implementation, would allow to increase 
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