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Peculiarities of the Longitudinal

Disturbed Motion of a WIG Craft

Dmitrii N. Sinitsyn

ABSTRACT

This paper discusses an analytical approach of the longitudinal movement of an ekranoplan. It
provides estimations of the different modes found in the longitudinal disturbed moment of such a
vessel.

The experience of the author offers a good overview of the different coefficients that can be
neglected -or not, and of their respective orders of magnitude or usual values.

The analytical results found here give the opportunity to understand the influence of the dif-
ferent parametres on the behaviour of the craft.
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Since the longitudinal motion of a WIG craft takes place in proximity to the bearing surface
(ground), cinematic parameters defining its orientation relative to the ground are of a special
interest. It is therefore expedient that differential equations of longitudinal motion of the WIG
craft should be presented in the coordinate system in which X and Z axes are parallel to the
ground and Y axis is perpendicular to it. In aviation such a coordinate system is called a ”mobile
earth system” with its beginning in the gravity centre of the moving vehicle. Thus, initial equations
of the longitudinal motion of the WIG craft are written as :

mV̇ = Px −X

mḦ = Y −G + Py

Iz = Mz

(1)

where :
– V - horizontal speed of the motion
– Px - horizontal component of engine thrust
– G - WIG craft’s weight
– Py - vertical component of engines thrust
– X, Y,Mz - aerodynamic forces and moment defined in the earth coordinate system

Let us perform linearization of the initial equations of the motion (1) on the basis of linear
resolution of forces and moments acting on WIG craft according to cinematic parameters of motion :



Px = Px0 + PV4V

Py ' Py0

X = X0 + Xθ4θ + XḢ4Ḣ + XH4H + XV4V

Y = Y0 + Y θ4θ + Y Ḣ4Ḣ + Y H4H + Y V4V

Mz = Mz0 + Mz
θ4θ + Mz

θ̇4θ̇ + Mz
H4H + Mz

Ḣ4Ḣ + Mz
Ḧ4Ḧ

(2)

Taking as an initial mode a horizontal steady flight mode, we get balancing equations of WIG
craft in this mode : 

Px0 −X0 = 0
Y0 −G + Py0 = 0

Mz = 0
(3)

Taking into account (2) and (3), system (1) for the disturbed motion will be as follows :


m4V̇ = (PV −XV )4V −Xθ4θ −XH4H −XḢ4Ḣ

m4Ḧ = Y V4V + Y θ4θ + Y Ḣ4Ḣ + Y H4H

Iz4θ̈ = Mz
θ4θ + Mz

θ̇4θ̇ + Mz
H4H + Mz

Ḣ4Ḣ + Mz
Ḧ4Ḧ

(4)

Resolutions of aerodynamic forces and longitudinal moment in (2) and (4) are made in accor-
dance with dependencies of aerodynamic forces and moments on cinematic parametres in earth
coordinate system proposed and substantiated by Prof. V.K.Treshkov. To facilitate further substi-
tution and analysis the system (4) is brought to dimensionless form. For this purpose the following
notions should be introduced :
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dimensionless time t =
t

τm

where τm =
2m

ρSV0
- time scale

relative density µ =
2m

ρSb
where b is a wing chord
chosen as a typical linear dimension.

dimensionless moment of inertia iz =
Iz

mb2

Dimensionless flight altitude 4H =
4H

b

dimensionless vertical speed 4Ḣ =
4Ḣ

V0

dimensionless vertical acceleration 4Ḧ =
b

V 2
0

4Ḧ

dimensionless angular speed θ̇ =
b

V0
θ̇

dimensionless speed 4V =
4V

V0

dimensionless coefficients X = q0 S Cx

of aerodynamic forces and moment Y = q0 S Cy

Mz = q0 S b mz

With regard to the notions and designations introduced, the system of dimensionless equations
of longitudinal disturbed motion of the WIG craft looks like as follows :



4V̇ + (2Cx0 − CV
p )4V + Cθ

x4θ +
1
µ

CḢ
x 4Ḣ + CH

x 4H

= 4Cp − Cδ3
x 4δ3 − (2CX0 − CV

p )4Wx

−2µ Cy04V − µ Cθ
y4θ +4Ḧ − CḢ

y 4Ḣ − µ CH
y 4H

= µ Cδ3
y 4δ3 + 2µ Cy04Wx

4θ̈ −mθ̇
z4θ̇ − µ mθ

z4θ − 1
µ

mḦ
z 4Ḧ −mḢ

z 4Ḣ − µ mH
z 4H

= µ mδ3
z 4δ3 + µ mδB

z 4δB

(5)

where mz =
mz

iz

The system (5) is presented in operator form with dimensionless time differentiation :
d

dt
= λ
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as follows :



[
λ +

(
2Cx0 − CV

p

)]
4V + Cθ

x4θ +
[

1
µ

CḢ
x λ + CH

x

]
4H

= 4Cp − Cδ3
x 4δ3 −

(
2CX0 − CV

p

)
4Wx

−2µ Cy04V − µ Cθ
y4θ +

[
λ2 − CḢ

y λ− µ CH
y

]
4H

= µCδ3
y 4δ3 + 2µ Cy04Wx

[
λ2 −mθ̇

zλ− µ mθ
z

]
4θ −

(
1
µ

mḦ
z λ2 + mḢ

z λ + µ mH
z

)
4H

= µ mδ3
z 4δ3 + µ mδB

z 4δB

(6)

Now we are proceeding to analysis of the system we obtained.

The characteristic determinant of the system (6) is presented as :



λ +
(
2Cx0 − CV

p

)
Cθ

x

1
µ

CḢ
x λ + CH

x

−2µ Cy0 −µ Cθ
y λ2 − CḢ

y λ− µ CH
y

0 λ2 −mθ̇
zλ− µ mθ

z − 1
µ

mḦ
z λ2 −mḢ

z λ− µ mH
z


(7)

As a typical disturbance we are regarding elevator deviation. Then 4Cp = 4δ3 = 4Wx = 0 .
From the second equation of the system (6) we get :

µ Cθ
y4θ = −2µ Cy04V + λ24H −

(
CḢ

y λ + µ CH
y

)
4H (8)

We use the notion of vertical overload which can also be considered as a cinematic parameter
of the disturbed motion. The cinematic tie between vertical overload and altitude is determined
by the following equation :

λ24H = µ Cy04ny (9)

Therefore, the expression (8) will look like :

µ Cθ
y4θ = −2µ Cy04V + µ Cy04ny −

(
CḢ

y λ + µ CH
y

)
4H (10)

Using equation (10) we are excluding parameter 4θ and introducing 4ny and as a result we
receive :
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

[
1
µ

CḢ
y

(
CḢ

x

CḢ
y

− Cθ
x

Cθ
y

)
λ + CH

y

(
CH

x

CH
y

− Cθ
x

Cθ
y

)]
4H +

[
λ + 2Cx0(1−K0

Cθ
x

Cθ
y

)− CV
p

]
4V

+µ Cy0

Cθ
x

Cθ
y

4ny = 0

[(
µ mθ

zC
Ḣ
y − µ Cθ

ymḢ
z + µ CH

y mθ̇
z

)
λ + µ2

(
mθ

zC
H
y −mH

z Cθ
y

)]
4H

+µ Cy0

[
λ2 − (mθ̇

z + CḢ
y )λ− µ mθ

z + CḢ
y mθ̇

z − Cθ
ymḦ

z − µ CH
y

]
4ny

−2µ Cy0

[
λ2 −mθ̇

zλ− µ mθ
z

]
4V = µ2 Cθ

ymδB
z 4δB

(11)

Some components being part of the system (11) coefficients can be transposed to facilitate
understanding.

1−K0
Cθ

x

Cθ
y

=
Cx0

Cθ
y

Kθ = Cx0Kθ
Cy

1−K0
CH

x

CH
y

= Cx0KH
Cy

1−K0
CḢ

x

CḢ
y

= Cx0KḢ

Cy

(
CḢ

x

CḢ
y

− Cθ
x

Cθ
y

)
=

1− Cx0KḢ

Cy

K0
− 1− Cx0Kθ

Cy

K0
=

C2
x0

Cy0

(Kθ
Cy −K

Ḣ

Cy )

(
CH

x

CH
y

− Cθ
x

Cθ
y

)
=

C2
x0

Cy0

(Kθ
Cy −KH

Cy )

−µ mθ
z + CḢ

y mθ̇
z − Cθ

ymḦ
z − µ CH

y =
µ

iz
Cθ

y

−mz
Cy

θ +

CḢ
y

Cθ
y

mθ̇
z −mḦ

z

µ
− iz

CH
y

Cθ
y


=

µ Cθ
y

iz
σn

µ2 (mθ
zC

H
y −mH

z Cθ
y ) = −

µ2 CH
y Cθ

y

iz
(−mz

Cy

θ + mzH
C
y
)

= −
µ2 CH

y Cθ
y

iz
(XFθ

−XFH
)

µ mθ
zC

Ḣ
y − µ Cθ

ymḢ
z + µ CH

y mθ̇
z =

µ Cθ
y

iz

[
CH

y

Cθ
y

mθ̇
z − CḢ

y (−mz
Cy

θ + mz
Cy

Ḣ
)

]

=
µ Cθ

y

iz

[
CH

y

Cθ
y

mθ̇
z − CḢ

y (XFθ
−XF

Ḣ
)

]
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Where XFθ
, XFH

and XF
Ḣ

are the aerodynamic focii according to pitch angle, altitude and
vertical speed.

With regard to the transformations made, the system (11) will be presented as :



[
1
µ

CḢ
y

C2
x0

Cy0

(
Kθ

Cy −K
Ḣ

Cy

)
λ + CH

y

C2
x0

Cy0

(
Kθ

Cy −KH
Cy
)]
4H + µ Cy0

Cθ
x

Cθ
y

4ny

+
[
λ + 2C2

x0
Kθ − CV

p

]
4V = 0

−2µ Cy0

[
λ2 −mθ̇

zλ− µ mθ
z

]
4V + µ Cy0

[
λ2 − (mθ̇

z + CḢ
y )λ +

µ Cθ
y

iz
σn

]
4ny

+

[
µ Cθ

y

iz

(
CH

y

Cθ
y

mθ̇
z − CḢ

y

(
XFθ

−XF
Ḣ

))
λ−

µ2 CH
y Cθ

y

iz

(
XFθ

−XFH

)]
4H

= µ2 Cθ
ymδB

z 4δB

(12)

The composition of the second equation of the system (12) allows to come to an important
conclusion : at first stage of the disturbed motion when there is not enough time for speed and
flight height to change considerably , the motion is accompanied by vertical overload change due
to WIG craft pitch angle turning because of elevator influence.

Considering that 4V ' 4H ' 0

µ Cy04ny '
µ2 Cθ

ymδB
z

λ2 −
(
mθ̇

z + CḢ
y

)
λ + µ Cθ

y

iz
σn

4δB = W1µ
2 Cθ

ymδB
z 4δB (13)

Component no.1 having a transfer function

W1 =
1

λ2 − (mθ̇
z + CḢ

y )λ + µ Cθ
y

iz
σn

(14)

is an oscillating component of the second order. According to it, the degree of extinction of

the motion is 2h1 = −(mθ̇
z + CḢ

y ), and base frequency is ω2
1 =

µ Cθ
y

iz
σn. As it can be seen the

formulas for 2h1 and ω2
1 are completely analogous to those of short-period motion of an aircraft.

The difference is only in expression of σn - overload stability reserve.

σn = XFθ
−XT +

CḢ
y

Cθ
y

mθ̇
z −mḢ

z

µ
− iz

CH
y

Cθ
y

(15)

where the last component (proportional to CH
y ) appears because WIG craft aerodynamic lift

change occurs not only due to the angle of attack change like that of an aircraft but also because
of flight height.

As a rule, WIG craft having rather a developed tail, possesses a sufficient pitch angle stability
reserve. For the same reason it has a relatively high pitch angle damping and a higher value of CḢ

y

close to Cθ
y , and ground influence displays in increase of incline Cy = f(θ) upon approaching the

ground.
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Therefore, by the moment when motion according to equation (13) is attenuating, a WIG craft
is subjected to disturbance with overload

µ Cy04ny =
µmδB

z

σn
4δB (16)

According to (8), and considering that 4V and 4H at the first stage are low, we get an
approximate increment for pitching angle

4θ =
mδB

z

Cθ
yσn

4δB (17)

It therefore follows that WIG craft motion is being further continued with variation of flight
height. The vertical overload is only the second derivative from the height in transient height
process.

Then, the system of equations determining the disturbed motion of WIG craft in the second
stage may be written as :



[λ + a3]4V +

 1
µ

Cθ
x

Cθ
y

λ2 +
1
µ

CḢ
y

1−
CḢ

y /CḢ
x

Cθ
y/Cθ

x

λ + CH
x

(
1−

CH
y /CH

x

Cθ
y/Cθ

x

)4H = 0

(λ2 + 2h1λ + ω2
1)

λ2 +
µ(CH

y mθ̇
z + mθ

zC
Ḣ
y − Cθ

ymḢ
z )

λ2 + 2h1λ + ω2
1

− µCy

iz
µCH

y

4XθH

λ2 + 2h1λ + ω2
1

4H

−2µ Cy0(λ
2 −mθ̇

zλ− µ mθ
z)4V = µ2 Cθ

ymδB
z 4δB

(18)
where a3 = 2C2

xKθ − CV
p .

Let us look at some elements of this system. In the first equation the coefficients of the dif-
ferentiating component of the second order may be estimated from point of view of the possible

reduction
1
µ

Cθ
x

Cθ
y

<< 1 .

The relative density µ =
2m

ρSb
is high enough. For instance, for ”KM” WIG craft this value is

µKM =
2× 400000

10× 0.125× 6.62× 16
' 50

and for a very small ”Amphistar” WIG craft compared to KM

µAmphistar =
2× 2400

10× 0.125× 30× 6
' 20

The order of the value
Cθ

x

Cθ
y

can be defined in mode Kmax, where
Cθ

x

Cθ
y

= CCx
y H=const

a local

incline of the polar coincides with the value of lift-to-drag ratio.
Maximum lift-to-drag ratio of WIG craft in the whole range of flight height is within 10-20

units. According to the polar, in the modes of motion with less CyKmax
(so called the first modes

of flight), the local incline becomes even higher.

Thus,
Cθ

x

Cθ
y

can be determined as a magnitude of the order not less than 10. Thus, the value
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1
µ

Cθ
x

Cθ
y

' 1
20× 15

± 1
50× 15

= 0.003± 0.0013

Therefore, the first term of the coefficient before of the first equation of the system (18) can be
neglected. Let us get down to the estimation of the second term

CḢ
x (1−

CḢ
y /CḢ

x

Cθ
y/Cθ

x

) (19)

As in proximity to the ground determination of the derivatives according to Ḣ requires a
special calculation, we will estimate this coefficient at H = ∞, meaning that these magnitudes in
our formulation are determined in the earth coordinate system. Connection of the aerodynamic
characteristics determined in the earth coordinate system with those specified in velocity coordinate
system has a following form :

Cy3 = Cyc − Cxc4Ḣ Cy3
Ḣ = −(Cy

α − Cx0) Cy3
θ = Cy

α − Cx0

Cx3 = Cxc − Cyc4Ḣ CḢ
x = −(Cx

α − Cy0) Cx3
θ = Cx

α + Cy0

(20)

Then, expression (19) can be transposed as :

Cx3
Ḣ

1−
CḢ

y /Cx3
Ḣ

Cy3
θ/Cx3

θ

 =
2Cx0Cx

α(1 + K0Cy
α/Cx

α)
Cy

α − Cx0

Based on the previous calculations K0
Cy

α

Cx
α >> 1.

As a rule, Cy
α >> Cx0 . So, the expression considered may be substituted by :

Cx3
Ḣ

1−
CḢ

y /Cx3
Ḣ

Cy3
θ/Cx3

θ

 ' 2Cx0Cx
αK0Cy

α/Cx
α

Cy
α = 2Cy0 (21)

The last component of the coefficient Cx3
H

(
1−

CH
y /Cx3

H

Cθ
y/Cθ

x

)
:

- CH
y /Cx3

H =
dCy

dCx
|θ=cst the local inclination of the polar at θ = cst.

- Cθ
y/Cθ

x =
dCy

dCx
|H=cst the local inclination of the polar at H = cst.

As follows from the polars, the magnitude
CH

y /Cx3
H

Cθ
y/Cθ

x

>> 1.

With account of this estimation we have

CH
y

(
1−

CH
y /CH

x

Cθ
y/Cθ

x

)
' −CH

y

Cθ
x

Cθ
y

(22)

Let us make one more transposition :

λ2 −mθ̇
zλ− µ mθ

z = (λ2 + 2h1λ + ω2
1)

1 +
CḢ

y λ + µCH
y − CḢ

y mθ̇
z + Cθ

ymḦ
z

λ2 + 2h1λ + ω2
1

 (23)



82 EAGES Proceedings

With regard of the estimations and transpositions (23), system (18) will be written as :

(λ + a3)4V +
[
2Cy0

µ
λ− CH

y

Cθ
x

Cθ
y

]
4H = 0

λ2 + µ

(
CH

y mθ̇
z + CḢ

y mθ
z − Cθ

ymḢ
z

)
λ2 + 2h1λ + ω2

1

λ− µCy

iz
µCH

y

4XθH

λ2 + 2h1λ + ω2
1

4H

+2µ Cy0

1 +
CḢ

y λ + µCH
y − CḢ

y mθ
z + Cθ

ymḦ
z

λ2 + 2h1λ + ω2
1

4V =
µ2 Cθ

ymδB
z 4δB

λ2 + 2h1λ + ω2
1

(24)

In accordance with link no.1, the transfer function of this link may be presented as :

W1 =
1

λ2 + 2h1λ + ω2
1

' 1
ω1

2
(25)

Introducing formula (25) to (24) we obtain :

(λ + a3)4V +
[
2Cy0

µ
λ− CH

y

Cθ
x

Cθ
y

]
4H = 0

−2µ Cy0

[
−mθ̇

z

ω2
1

λ− µmθ
z

ω2
1

]
4V +

[
λ2 + 2h2λ + ω2

2

]
4H =

µ2 Cθ
ymδB

z

ω2
1

4δB

(26)

where

2h2 =

CH
y

Cθ
y

mθ̇
z − CḢ

x (XFθ
−XF

Ḣ
)

σn
(27)

ω2
2 = −µCH

y

4XθH

σn
(28)

The characteristic equation of system (26) has the third order. Therefore, the transfer function
of WIG craft at the second stage takes the following form :

W4 =
1

λ3 + A4λ2 + B4λ + C4
(29)

where

A4 = 2h2 + a3 − 4C2
y0

mθ̇
z

µ

1
Cθ

yσn
(30)

B4 = ω2
2 + 2h2a3 − 2Cy0

(
mθ̇

z

σn

CH
y

Cθ
y

+ 2Cy0

XFθ
−XT

σn

)
(31)

C4 = ω2
2a3 − 2Cy0µCH

y

Cθ
x

Cθ
y

XFθ
−XT

σn
(32)
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The denominator of transfer function (29) is presented as :

2Cx0 − CV
p ≥ 0

(λ2 + 2h1λ + ω2
1)

λ +

(
a3 − 4C2

y0

mθ̇
z

µ
1

Cθ
yσn

)
λ2

· · ·

· · ·
+
(

2h2a3 − 2Cy0

(
mθ̇

z

σn

CH
y

Cθ
y

+ 2Cy0

XFθ
−XT

σn

))
λ + ω2

2a3 − 2Cy0µCH
y

Cθ
x

Cθ
y

XFθ
−Xfh

σn

λ2 + 2h2λ + ω2
2


(33)

At low altitudes when magnitude |CH
y | is high, and ω2

2 is also high, the terms of the numerator
of the expression in braces can be neglected. Then, the whole product will be :

(λ2 + 2h2λ + ω2
2)

λ +
ω2

2a3 − 2Cy0µCH
y

Cθ
x

Cθ
y

XFθ
−Xfh

σn

λ2 + 2h2λ + ω2
2

 (34)

Transfer function (29) takes the following form :

W4 = W2W3 (35)

where :

W2 =
1

λ2 + 2h2λ + ω2
2

(36)

W3 =
1

λ + a3 + 2Cy0

Cθ
x

Cθ
y

=
1

λ + 2Cx0 − CV
p

(37)

In conformity with formulas (35), (36) and (37) the disturbed motion in the second stage at
low altitudes consists of two components : (according to transfer function of link no.2) oscillatory
motion and, if possible, 2 aperiodic motions, and (according to transfer function of link no.3)
aperiodic motion. We should notice that according to link no.3, aperiodic motion is always steady,
because, as Cx0 > 0,CV

p < 0 since speed characteristics of the engine always diminish, especially
for propellers. By link no.2, the motion is oscillatory at low heights, as a rule. As long as the height
increases and |CH

y | decreases, it can be transformed into two aperiodic motions, when h2
2−ω2

2 ≥ 0.

However, it often occurs at so small values of |CH
y |, when possibility of presenting the transfer

function W4 in form (35) becomes doubtful. The analysis of the structure of expression for 2h2 at
small heights represents an interests since the degree of oscillatory motion damping is determined
by the value 2h2 at the second stage of WIG craft motion, which is the most perceptible.

As follows from formula (27) the numerator of the expression for 2h2 comprises two components :
CH

y

Cθ
y

mθ̇
z and −CḢ

y (XFθ
−XF

Ḣ
).

The first component is always a positive magnitude, as CH
y < 0, mθ̇

z < 0 and Cθ
y ≥ 0.

Taking this component into account, if would be better to obtain the damping value mωz
z as high

as possible. Yet the aerodynamic derivative is determined by WIG craft configuration, especially
by the static moment of the horizontal tail area, and the augmentation of the static moment by
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increasing of the horizontal tail area and its distance from the wing is limited due to high weight
losses in the airframe construction. Damping can be increased artificially, by means of introducing
automatic damping channel. However, it should be noticed that increase in the total damping, i.e.

2h2 due to mθ̇
z goes through coefficient

CH
y

Cθ
y

, which is less than 1, as a rule. And as the height

increases and |CH
y | diminishes, it becomes much less than 1, and efficiency of pitch angle damping

system considerably decreases.
The second component represents a part of altitude motion damping left from the partial

altitude link determined by the derivative CḢ
y . The magnitude of this derivative, by itself, is high

and can be compared (with regard to the absolute value) with the derivative Cθ
y , which becomes

higher upon approaching the ground. However, the expression in braces, presenting a difference
in the location of aerodynamic focuses (with regard to θ and Ḣ) considerably reduces the effect
of damping factor. At H → ∞ position of these focuses is the same and when approaching the
ground the focus by vertical speed shifts forward creating a positive difference. The problem is
that a thorough record of nonstationary components of aerodynamic life and aerodynamic moment
reveals that there is no significant difference in focuses locations, although criticality 2h2 towards
that difference is high. All this allows us to think that acting on the magnitude mḢ

z by automatic
means makes it possible to considerably enhance damping of the disturbed motion at the most
important stage.

Now let us look at expression (28). It is a product of the value of the base frequency of the

partial motion (according to µCH
y ) and coefficient

4XθH

σn
. It is quite clear that the value CH

y ,

characterizing the static altitude stability of WIG craft is determined mainly by its wing. The

coefficient
4XθH

σn
=

XFθ
−XFH

XFθ
−XT +4

may be regarded as a coefficient of using the wing possibility

of inherent flight height stability by the whole configuration. If the coefficient is close to 1, it
means that the aerodynamic configuration uses all the available possibilities with regard to inherent
altitude static stability. It can be seen that the static stability can be ensured if altitude focus is

placed in front of the pitching angle focus. Yet, in order to get the value
4XθH

σn
which is close to

1, the centre of gravity of WIG craft should be located in altitude focus or even a little in front
of it due to the magnitude σn in denominator that is larger than XFθ

−XT by a certain positive
value.

Let us now proceed to the case of high altitudes when |CH
y | becomes very low, and with the

rise of speed at H = ∞ it is zero. In this case the transfer function of the system at the second
stage of the disturbed motion is presented as follows :

W4 =
1

λ(λ2 + A4λ + B4) + C4
(38)

The magnitude 2h2 becomes small, since at H →∞, CH
y → 0 and XFθ

−XF
Ḣ
→ 0. The same

with the value ω2
2 . Thus, formulas (30), (31) and (32) may take the following form :

A4 ' a3 − 4C2
y

mθ̇
z

µ

1
Cθ

yσn
(39)

B4 ' C2
y0

(XFθ
−XT ) (40)

For this case transfer function (38) is written as :
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W4 =
1

λ2 + A4λ + B4

1
λ + C4

λ2+A4λ+B4

(41)

As C4 is rather a small magnitude because of small |CH
y |, so

C4

λ2 + A4λ + B4
' C4

B4
and transfer

function (41) can be presented as :

W4 =
1

λ2 + A4λ + B4

1
λ + C4

B4

(42)

Therefore, at high altitudes the transient processes are being created according to oscillatory

link
1

λ2 + A4λ + B4
which at H → ∞ turns to oscillations known in aircraft dynamics as long-

period motion, and according to aperiodic link
1

λ + C4
B4

which at H → ∞ becomes the simple

integration characterizing neutrality of aircraft with regard to altitude.
In conclusion, it should be noticed that everything said was not done to calculate roots (they

are calculated by means of computers) but to get analytical approximate expressions for a general
analysis.

DISCUSSION

Bernard Masure (BM), Université d’Orléans

Within the proceedings, will this paper be in English or in Russian ?

Stéphan Aubin (SA), Euroavia Toulouse

Yes, it will be in English.

Hanno Fischer, Dr D. N. Sinitsyn and Pr. K. V. Rozhdestvensky

Stéphan Aubin (SA), Euroavia Toulouse

I have a question about the centre of height and the centre of Ḣ. First thing is how did you find this
point and how did you measure its influence, because one cannot measure it in the wind tunnel ?

Dmitrii N. Sinitsyn (DNS), Alsin - translation Kirill V. Rozhdestvensky

I would like to explain again the sense of the focus in vertical speed. First it is the application
point of lift increment precisely due to vertical speed at vertical motion (at height). For the first
time meaning of the focus in vertical speed for ekranoplans was explained by the publications of
the V.K. Treshkov, Pr. of the Marine Technical University. During movement the wing with small
aspect ratio (which is usually ekranoplan lifting wing) has vortex system of end vortexes behind
itself. The vorticity increases with increasing wing lift. If horizontal tail surfaces are situated behind
lifting wing that these surfaces will be effected with end vortexes in addition to backward flow.
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For small Strouahl numbers, that is a relatively small frequency of oscillations in height, vortex
system has not the shape of straightforward vortex cords but sine curve with the frequency of
oscillations in height. Thus during motion vorticity changes together with vortexes positions in
relation to horizontal tail surfaces. Aircraft is subjected with similar effects at changing a attack
angle : time lag of the downwash near tail surfaces in consequence of which additional dynami-
cal moment is generated. The additional dynamical moment is proportional to rate of changing
kinematic parameter viz. vertical speed. Just as for aircraft mz and its derivatives are calculated.

Jean Gaël Duboc (JGD), Euroavia Toulouse

I would like to know if there is any influence of the type of engine on the stability of the craft, like
we have on airplanes ?

DNS

Frankly speaking, our stability testing on our big seagoing ekranoplans showed no noticeable in-
fluence of regime of operation of the engine on stability or steer ability. Of course, the positioning
was chosen to give the engine the smallest influence possible.

Mats Larsson (ML), Euroavia Stockholm

What is the Hertz range of the frequency presented in the stability study ?

DNS

In common case proper disturbed motion has two oscillation types with different frequencies. The
greater frequency value conforms to a movement at overloads. This motion is absolute analog of
short period movement of aircraft. The lesser frequency value conforms to movement at height
(vertical motion) that is a characteristic of an ekranoplan. Proper frequency at this movement is
about 05 to 1 Hz. As a result of increasing height these frequencies reduce. These frequencies, in
any case, are one order magnitude lower than similar frequencies of aircraft.


