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Abstract— This paper aims at obtaining a dynamic model as
generic as possible of a parafoil/payload system. Modeling steps
including the consideration of the added masses are detailed
such that the reader can easily meet the result. Flight simulation
and analysis tools are also presented with a user-friendly 3D
visualization.

I. INTRODUCTION
Self-guided airdrop systems equipped with parafoils have

seen recent development thanks to the entry into market of
affordable inertial systems using GPS. The applications for
cargo air-delivery on badly reachable areas can be either
military or civil/humanitarian. In any case, a very stringent
landing precision for a wide range of weather conditions -
both in terms of position and of impact speed- is a much
desired requirement, which involves to develop new control
and guidance algorithms efficiently exploiting the system dy-
namics. This objective has motivated the launch of a common
pluri-annual research program between Onera and DGA. The
first step concerns the development of models and tools apt
to represent the behaviour of payload/parafoil systems with
the desired accuracy. Flight dynamics of parafoil systems
was the subject of numerous papers [7], [9], [10], [8], [5]
and many models of different numbers of d.o.f. have been
already published without step by step model building. This
is the main contribution of this paper.

The paper is organized as follows. The first section re-
views all notations -used in this paper- that highly depend
on the reference frames. The second section explains step
by step how to find a complete 9 d.o.f. modeling of a
parafoil/payload system. Eulerian approach has been chosen
for this multi-body problem. Special attention is paid to
the definition of apparent masses/inertia. The last section
concerns the model simulation in Matlab/Simulink with a
possible 3D visualization.

II. NOTATIONS
A. Frame definitions

As shown in Fig. 1, the full system is composed of
a payload attached to a parafoil (term designing the set
{canopy+riser lines}). The payload reference frame is called
Rb = {B, xb, yb, zb}, where B is the center of gravity
of the payload. Similarly Rp = {P, xp, yp, zp} defines the
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reference frame rigidly attached to the parafoil at its center
of gravity P . zp is conventionally a vertical axis drawn from
top to bottom and xp is directed forward in the symmetry
plane of the parafoil. The relative movement of the parafoil
w.r.t. the payload is defined around the hinge point C. Finally
the inertial frame is denoted Ro = {O, xo, yo, zo}.
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Fig. 1. Definition of the frames.

The transformation matrix from Ro to Rb (resp. Rp) is
called Tbo (resp. Tpo) which is classically expressed in terms
of EULER’s angles ϕb, θb, ψb (resp. ϕp, θp, ψp) :

Tbo =
(

cosθ cosψ cosθ sinψ −sinθ
sinϕ sinθ cosψ − cosϕ sinψ sinϕ sinθ sinψ + cosϕ cosψ sinϕ cosθ
cosϕ sinθ cosψ + sinϕ sinψ cosϕ sinθ sinψ − sinϕ cosψ cosϕ cosθ

)
Moreover a canopy rigging angle µ precises how the man-

ufacturer has chosen the nominal length of each riser line.
This angle is between the zp axis and the line perpendicular
to the chord of the canopy (see Fig. 2) and µ = 0 is the
particular case where front and back riser lines have the
same lengths. The canopy has thus its own reference frame
Rv = {V, xv, yv, zv} : V is the centroid of the canopy, xv
the axis running along the chord of the canopy from the
trailing edge to the attack edge and yv the axis normal to
the plane of canopy profile.

As explained later, Rv is useful to define added
masses/inertia, and the aerodynamic forces/moments applied
to the canopy. The rotation matrix Tvp from Rp to Rv is :

Tvp =

 cosµ 0 − sinµ
0 1 0

sinµ 0 cosµ


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Fig. 2. Rigging angle µ (with θp = 0).

B. Parafoil and payload data

Concerning the parafoil :
mp mass of the parafoil

(Mp = mpdiag([1 1 1]))−→
Ω p absolute angular velocity vector of Rp

w.r.t. Ro ; its components1 in Bp are
[pp qp rp]

T
= ωp−→v P inertial velocity at point P−→

V ae,p aerodynamic speed of the parafoil
−→v P =

−→
V ae,p +

−→
V wind

ϕr, θr, ψr EULER’s angles representing three
composed rotations that move Bp to Bb

II p,P moment of inertia tensor of the parafoil
at P ; its matrix expression in Bp is Ip

CP projection of
−−→
CP in Bp−→

F ext.,p external forces applied to the parafoil
its projection in Bp is noted Fp−→MP,ext.,p external torques applied to the parafoil
at P ; its projection in Bp is noted MP

Concerning the canopy, it is supposed to be symmetric
with respect to the (xv, zv) and (yv, zv) planes for simplicity
reasons.

ma apparent mass ; its expression

in Bv is Ma|v =

 ma1 0 0
0 ma2 0
0 0 ma3


in Bp is Ma = TT

vpMa|vTvp
II a moment of apparent inertia tensor2 ;

its expression

in Bv is Ja|v =

 Ja1 0 0
0 Ja2 0
0 0 Ja3


in Bp is Ja = TT

vpJa|vTvp

1The EULER angle kinematics is defined as follows : ϕ̇b

θ̇b
ψ̇b

 =

 1 sinϕb tan θb cosϕb tan θb
0 cosϕb − sinϕb

0 sinϕb/ cos θb cosϕb/ cos θb

  pb
qb
rb


2The point about which II a is calculated is defined in subsection III-B.

Concerning the payload :
mb mass of the payload−→
Ω b absolute angular velocity vector of Rb

w.r.t. Ro ; its components in Bb are
[pb qb rb]

T
= ωb−→

Ω r relative angular velocity vector of Rb

w.r.t Rp ;
−→
Ω r =

−→
Ω b −

−→
Ω p

its components in Bb are [pr qr rr]
T

II b,B moment of inertia tensor of the body at B
its expression in Bb is Ib

CB the projection of
−−→
CB in Bb−→

F ext.,b external forces applied to the payload
its expression in Bb is Fb−→MB,ext.,b external torques applied to the payload at
B ; its projection in Bb is noted MB

Concerning the hinge point :−→v C velocity of point C
its projection in Bo is vC = [vC1 vC2 vC3]

T

−→
F C action/reaction forces applied to the payload

at the link
its expression in Bo is FC−→MC action/reaction torques applied to the payload
at the link ; its expression in Bb is MC

C. Matrix expressions of vectorial formula

Let us consider two vectors −→u and −→v . If u = [u1 u2 u3]T

and v = [v1 v2 v3]T are respectively the coordinate vectors
of −→u and −→v in a specified frame R, then the dot product−→u .−→v is equal to uT v in R and the cross product −→u × −→v
is written in R as a matrix-vector product u× v where

u× =

 0 −u3 u2
u3 0 −u1
−u2 u1 0


This notation leads to the following relations (T12 is the
transformation matrix from a frame B2 to another B1) :

(T12u)
×

= T12u
×T21 (1)

dTpo
dt

= −ω×p Tpo
dTbo

dt
= −ω×b Tbo (2)

III. RIGID MULTIBODY DYNAMICS EQUATIONS

Newtonian mechanics equations are used for each rigid
subsystem (parafoil and payload, both supposed unde-
formable) in order to get a dynamical model as rich as
possible for analyses and simulations. The payload dynamics
is first studied because of its simplicity and is then a basis
for the harder parafoil dynamics, which has to account for
added masses. Added masses consist :
• of the included mass/inertia of the air inside the canopy
• and of apparent masses/inertia describing the unsteady

aerodynamic effects on the canopy.
Only the more complex contribution of the apparent
masses/inertia is explicitly detailed here.
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A. Dynamics of the payload

The NEWTON’s second law and the EULER’s equations
(at point B) applied to the payload give :

d
dt|Bo

(−→p b) =
d

dt|Bb
(−→p b) +

−→
Ω b ×−→p b =

−→
F ext., b (3a)

d

dt|Bo

−−→σb/B =
d

dt|Bb

−−→σb/B +
−→
Ω b ×−−→σb/B =

−→MB,ext.,b (3b)

where

−→p b = mb
−→v B = mb

[−→v C +
−→
Ω b ×

−−→
CB

]
(3c)

and

−−→σb/B = II b,B
(−→

Ω b

)
(3d)

are respectively the payload linear momentum and the pay-
load angular momentum.

In taking (2) into account, the projection of (3a) and (3b)
into Bb can be written as :

mbTbov̇C −mbCB
×ω̇b = Fb +mb ω

×
b CB

×ωb (4)

Ibω̇b =MB − ω×b Ib ωb (5)

B. Dynamics of the parafoil

Similar equations can be obtained for the parafoil in Bp,
but they must be completed by additional terms charac-
terizing the apparent masses and inertia. These effects are
significant but they are hardly identifiable [1].

Here the NEWTON’s second law and the EULER’s equa-
tions (at point P ) applied to the parafoil state :

d
dt|Bp

(−→p p +−→p a) +
−→
Ω p × (−→p p +−→p a) =

−→
F ext.,p (6a)

d

dt|Bo

[−−→σp/P +−−→σa/P
]

=
−→MP,ext.,p +−→p a ×−→v P (6b)

where the apparent linear and angular momentums −→p a and−−→σa/P depend on the location of the apparent mass center. In
fact two apparent mass centers are commonly distinguished :
the first one, Gpitch, for all canopy rotation vector along
(V, yv) and the second one, Groll, for all canopy rotation
vector in the plane (xv, zv). Due to the symmetry properties
of the canopy, Gpitch and Groll are located on the (V, zv)
axis.

In order to compute −→p a and −−→σa/P , let us consider a point
A situated in the plane (V, xv, zv), such that

Vector Expression in the frame
−−−−→
AGroll dr|v =

[
dr1 0 dr3

]T Bv−−−−−→
AGpitch dt|v =

[
dt1 0 dt3

]T Bv−−−−−−−→
GrollGpitch drt|v =

[
0 0 drt3

]T Bv
−→v A v|Bv =

[
v1 v2 v3

]T Bv
v Bp

As the apparent mass center differs according to the com-
ponent of the absolute angular velocity vector, the vectorial

relation equivalent to (3c) for −→p a can be written on each
axis of Bv as : pa1,v = ma1

(
v1 + qp|v dt3

)
pa2,v = ma2

(
v2 + rp|v dr1 − pp|v dr3

)
pa3,v = ma3

(
v3 − qp|v dt1

)
The equivalent matrix equation is as follows :

pa,v = Ma|v
(
v|Bv −Da,v Tvp ωp

)
where

Da,v =

 0 −dt3 0
dr3 0 −dr1
0 dt1 0

 .
The expression of the apparent linear momentum in Bp can
also be easily deduced :

pa = Ma (v −Da ωp) with Da = TpvDa,vTvp (7)

In a same manner, the apparent angular momentum at
point A depends on different apparent mass centers according
to the projection axis. The projection of −→σ a/A into Bv can
be easily deduced :

σa/A,Bv=−DT
a,vMa|v v|Bv+

[
Ja|v −DT

a,vMa|vDa,v

]
Tvp ωp

Its expression in Bp is then straightforward :

σa/A,Bp = Tpv σa/A,Bv

With the notation :

JAa =
[
Ja −DT

a MaDa

]
ωp

the expressions of −→p a and −→σ a/A in Bp are gathered as
follows :[

pa
σa/A,Bp

]
=

[
Ma −MaDa

−DT
aMa JAa

] [
v
ωp

]
(8)

This reminds the expressions of −→p p and −−→σp/P in Bp :[
pp|Bp
σp/C |Bp

]
=

[
mpI3 −mpCP

×Tpo
mpCP

×Tpo II p,C

] [
vC
ωp

]
(9)

Afterwards Da/P (resp. Da/C) is the value of Da, when A
is placed at point P (resp. C). These two values are linked
through :

Da/C = CP× +Da/P (10)

Using (8) and (9) the expression of (6a) in Bp is quite
simple, if A is chosen at point C (this choice raises the
most interesting velocity vC) :

[Mp +Ma]Tpo v̇C −
[
Mp CP

× +Ma

(
CP× +Da/P

)]
ω̇p

= Fp + ω×p
[
Mp CP

× +Ma

(
CP× +Da/P

)]
ωp

+
[
Ma ω

×
p Tpo − ω×p Ma Tpo

]
vC

(11)
since v = TpovC and v̇ = Tpov̇C − ω×p Tpo vC .

Finally the term −→p a × −→v P due to the added masses
in (6b) calls for comments, since it is not classical (and
overlooked in several publications). As mentionned by [1],
a part of this term, v×OMavO (where O is some origin
point), accounts for the stationnary aerodynamic torque on
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the canopy: it is thus part of the aerodynamic model. So
v×OMavO has to be removed from −→p a×−→v P . However, it is
not clear in [1] which O should be considered. The natural
choice for an aerodynamic contribution is P . Eventually,
the remaining contribution of −→p a × −→v P projected in Bp
is −

(
MaDa/P ωp

)×
vP .

At last, in taking into account that

vP = Tpo vC − CP×ωp

and
v̇P = Tpo v̇C − ω×p TpovC − CP×ω̇p

(6b) becomes, when written in Bp :

−DT
a/PMaTpo v̇C +

(
Ip + JPa +DT

a/PMaCP
×
)
ω̇p =

MP −
(
MaDa/P ωp

)×
(Tpo vC − CP×ωp)

−ω×p
(
Ip + JPa +DT

a/PMaCP
×
)
ωp

+ω×p D
T
a/PMaTpo vC −DT

a/PMaω
×
p TpovC

(12)

C. Forces and torques

The equation (4) needs Fb, which is composed of :

Fb

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

? FA
b : aerodynamic forces applied to the

payload, written in Bb
? FG

b : weight of the payload written in Bb

FG
b = Tbo

 0
0

mb g


? TboFC :

−→
F C written in Bb

Fp appears in (11) ; it is composed of :

Fp

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

? FA
p : aerodynamic forces applied to the

parafoil, written in Bp
? FG

p : weight of the parafoil written in Bp

FG
p = Tpo

 0
0

mp g


? −TpoFC : −−→F C applied to the parafoil and

written in Bp
The equation (5) uses MB , which is composed of :

MB

∣∣∣∣∣∣∣∣∣∣

? MA
B : aerodynamic torques applied to

the payload and written in Bb
? MC : MC = [MC1MC2MC3]

T

? −CB×TboFC : torques induced by
−→
F C

and written in Bb
Let us note that weight induces obviously no torque around

the center of gravity.
And MP emerges in (12) ; it is composed of :

MP

∣∣∣∣∣∣∣∣∣∣∣∣

? MA
P : aerodynamic torques applied to

the parafoil and written in Bp
? −TpoTT

boMC : −−→MC applied to the parafoil
and written in Bp

? CP×TpoFC : torques induced by −−→F C

and written in Bp

D. Aerodynamic model

Aerodynamic models are needed to determine the resulting
aerodynamic efforts on the parafoil and on the payload as a
function of the system states. Parafoil aerodynamic models
are similar to airplane’s, i.e. make use of dimensionless
coefficients which are the summation of the effects of flow
angles, control surface deflections and angular velocity rates.
Formulas can be found in the literature to construct longitu-
dinal coefficient models from the main geometric features of
the canopy [2] with reasonnable accuracy. Such information
does not seem to be available for lateral coefficients. Only a
few papers [3], [4], [5], [6] provide sets of coefficients, but
these are not supported by physical or geometrical reasons.

The parafoil aerodynamic coefficients C. are determined
in the canopy frame Bv . Hence the forces and torques in Bp
are :

FA
p =

1

2
ρSV 2

ae,p Tpv

 CX

CY

CZ

 MA
p =

1

2
ρSlV 2

ae,p Tpv

 Cl

Cm

Cn


(13)

The only significant aerodynamic efforts on the payload
is drag.

FA
b = −1

2
ρSb CX b ||Vae,b||Vae,b MA

b = 0 (14)

E. Reference dynamical model

Finally in gathering (4), (11), (5) and (12) and in exploiting
the previous expressions of forces and torques, the most 9
d.o.f. complete dynamical model can be obtained (see (15)).
This system determines jointly the derivatives v̇C , ω̇b, ω̇p

and FC by solving the 12 linear equations.
Another version uses the relative acceleration ω̇r of the

payload w.r.t. the parafoil instead of ω̇p. This new formula-
tion, easily obtained thanks to

ωr = ωb − Tbp ωp (written in Bb)
ω̇p = −ω×r Tpb (ωb − ωr) + Tpb (ω̇b − ω̇r) (written in Bp)

is able to take into account constraints on the relative
displacement (freeze of degrees of freedom...).

As 12 equations describe this 9 d.o.f. model, 3 equations
are used to implicitly compute the force transmitted at the
joint FC . A contrario as MC is a term in the right side of
(15), it can not be deduced ; it must be defined a priori by
the user, who intrinsically chooses a joint model. The most
common option for MC is a yaw-wise return moment. If
MC is fixed infinite according to a direction, the associated
degree of freedom is then deleted ; it is a way of obtaining
a 8 d.o.f. dynamical model.

By the way simpler dynamical equations can be derived
from (15).

1) Simplified 9 d.o.f. models: The first kind of simplifi-
cation concerns the location of Groll and Gpitch. Indeed the
9 d.o.f. model suggested in [7] can be recovered with the
assumption Groll is placed exactly at Gpitch ; i.e.:

drt = 0 et Da/P = PG×roll
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
mbTbo −mbCB

× 03×3 −Tbo
[Mp +Ma]Tpo 03×3 −

[
MpCP

× +Ma

(
CP× +Da/P

)]
Tpo

03×3 Ib 03×3 CB×Tbo
−DT

a/PMaTpo 03×3 Ip + JPa +DT
a/PMaCP

× −CP×Tpo



v̇C
ω̇b

ω̇p

FC

 =


B1

B2

B3

B4

 (15)

with

B1 = FA
b + FG

b +mb ω
×
b CB

×ωb

B2 = FA
p + FG

p + ω×p
[
MpCP

× +Ma

(
CP× +Da/P

)]
ωp +

[
Maω

×
p Tpo − ω×p MaTpo

]
vC

B3 = MA
B +MC − ω×b Ib ωb

B4 = MA
P − TpoTT

boMC − ω×p
(
Ip + JPa +DT

a/PMaCP
×
)
ωp + ω×p D

T
a/PMaTpovC −DT

a/PMaω
×
p TpovC

−
(
MaDa/P ωp

)×
(Tpo vC − CP×ωp)

Let us note that the definition of B4 in [7] has a sign error.
Another hypothesis consists in placing Groll and Gpitch at
point P . Here Da/P = 03×3 and the simplification of (15)
leads to the model proposed in [8].

2) Reduced d.o.f. models: The second kind of simpli-
fication is relative to the characterization of the link be-
tween parafoil and payload as explained above. If the set
{parafoil + payload} is considered as one rigid body, i.e.:

ωb = ωp = ω and Tbo = Tpo = T

(15) can be rewritten with only 6 equations. FC is no more
significative and disappears. 6 d.o.f. models like those used
in [9], [5] can be thus easily restored from (15).
Some papers [10] proposed to lock the roll d.o.f. of the
parafoil w.r.t. the payload by means of :

ϕr = 0

By successive time derivatives, this last expression gives :

ϕ̇r = pr + tan θr rr = 0 (16)

ϕ̈r = ṗr + tan θr ṙr + θ̇r(1 + tan2 θr) rr = 0 (17)

As θ̇r = qr, (17) leads to :

ṗr + tan θr ṙr = −(1 + tan2 θr) qrrr

When expressed in terms of ω̇p and ω̇b, this last relationship
has to be added to (15) to block the d.o.f.. This additional
equation allows to compute the first component of

−→MC

in Bp. Finally such 8 d.o.f. model is characterized by 13
equations making its resolution paradoxically most complex.

IV. TOOL DEVELOPMENT FOR HQ ASSESSMENT

Handling quality assessment is a prerequisite before the
development of control laws, which is a subsequent objective
of this work. The requirements are typically :
• to calculate trimmed points for given brake settings,

both in longitudinal flight and in turn;
• to perform time simulations of the parafoil motion,

either interactive or with preset commands;
• to get linearized models, so as to access the dynamic

modes and to allow controller design.
These requirements have been answered by developing

suitable tools in MATLAB environment. The various dynamic

models (from 9 to 6 d.o.f.) have been augmented by adding
the EULER angles to the state vector (plus the position for
the simulation) to yield a numerical system Ẋ = f(X,u),
where X is the augmented state vector (see Table I), and u
the brake positions. Typically, the trim computation comes
with the resolution of f(X,u) = 0, the simulator with the
time integration of f(X,u), and the model linearization with
the numerical differentiation.

9 d.o.f. 8 d.o.f. 6 d.o.f.

X =



vC1

vC2

vC3

pp
qp
rp
ϕb

θb
ψb

pr
qr
rr
ϕr

θr
ψr



X =



vC1

vC2

vC3

pp
qp
rp
ϕb

θb
ψb

qr
rr
θr
ψr



X =



vC1

vC2

vC3

pp
qp
rp
ϕb

θb
ψb



TABLE I
STATE VARIABLES OF 9,8 AND 6 D.O.F. MODELS.

A. Trim computation

The trim computation determines the parafoil equilibrium
for given entries u. There are two entries corresponding to
brake deflections : the symmetric brake deflection δs and the
asymmetric brake deflection δa. More precisely if brl (resp.
brr) denotes the left (resp. right) brake deflection,

u =

[
δa
δs

]
with

{
δa = brr − brl
δs = brr + brl

2

Remark : Brakes can only be deflected down. Mathemat-
ically this leads to the constraints :

0 ≤ brr ≤ 1 and 0 ≤ brl ≤ 1 (18)

The trim computation is done after taking out ψ̇b equation
and imposing ψb: this suppresses the indetermination due to
the fact that ψb has no interaction with the dynamics.
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The choice of X vector has been dictated by the urge to
simplify the model formulations. In particular, the variable
vC is projected in the absolute frame of reference. As a
consequence, solving directly f(X,u) = 0 cannot yield
steady turn equilibria. Two equations have to be modified
to take into account the turn rate Ω = ψ̇b :

v̇C1 = Ω vC2 and v̇C2 = −Ω vC1 (19)

Solving the resulting set of equations is not straightfor-
ward since the problem is non linear, not only because of
the mechanic formulation, but also (and mostly?) because
of the aerodynamic model. An efficient algorithm is the
MATLAB function fsolve. We have also implemented a
GAUSS-NEWTON method which relies on a Jacobian matrix
∂f/∂X obtained by finite differences. Both methods require
a starting point to converge to a solution, which does
not ensure that we have all the possible solutions. (As a
matter of fact, some parafoil models that we have tested do
show multiple solutions for a unique brake setting, both in
longitudinal flight and in steady turn. This behaviour has
been encountered by other authors [8].)

B. Interactive simulation

SIMULINK is used to get time simulations. The dynamics
flight equations f(X,u) of the full system is described within
a S-function, which is a convenient and compact way to
integrate the state vector X with SIMULINK solvers (see Fig.
3).

sfun_tofgfs

to FlightGear

sfun_pace

pace

(double)

XY Graph

temps

To Workspace1

simout

To Workspace

STOP

Stop Simulation

U U(E)

Selector

Rate Transition

ku

Input
factor

sfun_solfg

FG : Ground elevation

Out1

User input

sfundyn

Parafoil dynamics

Demux

<= 1.5

Compare
To Constant

Clock

Fig. 3. Simulink block diagram.

An input called “mouse/keyboard” allows the user to de-
flect brakes in real-time. Fig. 4 shows the user interface. The
red square points out brake deflections, which are changed
through the mouse, the keyboard or a joystick. The shaded
part corresponds to the unauthorized area of (−δs, δa) due
to (18).
C. 3D visualization using FLIGHTGEAR

In addition to the MATLAB tools, a visualization software
has been employed in order to facilitate the flight dynamics
analysis for interactive simulations: FLIGHTGEAR3. FG is

3see at http://www.flightgear.org/

−δs

δa

Fig. 4. User interface.

essentially an open-source flight simulation which allows the
user to introduce his own aircraft model via xml files. For
purposes like ours, FG can be conveniently reduced to its
visual interface, displaying a flight computed externally.

The implementation of the MATLAB/FG coupling requires
the development of an interface which transfers the needed
variables during the simulation. This interface was written in
C language, and integrated in MATLAB in a mex-function.
For the needs of visualization a 3D model is also required.
This was done in a schematic way (see fig. 5) which is quite
enough to represent the interesting features of parafoil flight,
such as the relative payload/canopy motion.

Finally, the MATLAB/FG simulation has proven a good
pedagogic tool to perceive and illustrate the peculiarity of
parafoil flight dynamics, in particular as regards turns.

Fig. 5. 3D visualization (longitudinal flight).

V. CONCLUSION

A generalized 9 d.o.f. dynamics flight model of a
parafoil/payload system has been developed. It takes into
account not only the relative rotations of the canopy and the
payload, but also added mass effects, considered essential in
many papers. This significance must be further assessed ;
indeed some of these additional terms have a similar effect
as aerodynamic coefficients. Finally first tools for trim com-
putations, model linearizations and simulations have been
implemented with a view to future works in control and
guidance framework.
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