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Russian WIG Craft Timeline

> Avee lafin de la guerre froide et ko chiute ver tigheuse des moyens financiers soviétigues, : = |
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Other Countries
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» Advantages:

* Ground ef_f" rec

e No pressur ",
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ins0))  Advantages and
disadvantages of ekranoplans

» Disadvantages:

* WIGs are sensitive to weather conditions such as wave
height and wind speed

e Ekranoplans flight close to the ground, therefore, (%))mx
1s reached at lower velocities than in higher altitudes of

flight
e Short service life because of corrosion

e There is a constraint to flight only above seas, oceans or
smooth plains

e Providing thrust for takeoff (extra weight of start
engines)

» Fuselage must be strong enough to withstand water
takeoff and landing
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» Name: Samson .
> Country of
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» Performance: _
* Max cruise speed:
. Econog;y l11Se:




» Weights:
 Empty: 120 on]

. Max ta};f:

?;J,éf‘/




Specnfi

» Accommodation:

Normal Flight crew of
andafreight indle
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Specnfi

» Power plant:

* Two HK jet engine¢
thrust each engi
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» Dimensions:
Span: 48 m
Length: 70 m
Height: 7.18 m
Rectangular wing.
Wing area: 576 “mi s
ng Qhérd o
Aspe

D
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Boeing 747-400
Freighter



Samson
= &Wave Height
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Global chart :
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Flight Conditions

=== &Wave Height

Mediterranean Sea chart :

WwW3 EUROPE Wave Height [ft] and Direction for 12NOV2003 12Z
Valid 12NOWV2003 122 Forecast Hour 0
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ﬁﬁ m:;s:nn Flight Conditions
=== &Wave Height
Conclusions :

» Near ocean coastline, in many areas in deep
ocean and 1n Mediterranean sea the wave
height 1s mostly lower than 3 meters.

» Efficient flight altitude of Samson 1s when
waves height 1s lower then ~3 meters .

» Therefore, Samson is able to fly in many
regions - not only above seas, but also above
oceans.
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» Given: Takeoff weight : k h ) 1""]"1%1

» Goals: Takeoff below
240 kt
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» Choosing: AR=4 =
AR wing typic
efflc1ent
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Cross section and cargo
arrangement:



Cross-Section Shape

» Rectangular cross section with triangular
bottom was chosen

The reasons for that choice are:

* Low angels of attack |

* Sea level cruising =» no need in cabin pressurization

e Better volumetric efficiency relatively to a circular cross
section

e Take off from water =¥ ship like triangular bottom



Cross-Section Shape
» Dimensions determination of the cross section

- LD3 Container ALP Container

Air cargo
containers

Weight: from 163 Ib / 74 kg . | =
__I"' Dimension: Weight: from 440 Ib /200 kg

- length 1534 mm Dimensions:
bottom width 1562 mm length 1534 mm
top width 2007 mm .- ‘width 3175 mm
~ height 1626 mm height 1626 mm
- Gross Weight: 3.500 Ib / 1.588 kg Gross Weight: 7.000 Ib / 3.175 kg

adl
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amson cross section with containers

‘Container

Container



i .1 Il .Ii;':':;: I-L.- |11I%
._.'.l- gl i : '1

Containers arrangement

40 LD3 containers in two rows e
26 ALP containers in one row
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1501 Take-Off Simulation




B/oanr .,
ﬁ*ﬂ 01| Take-Off Simulation

. .. .

» The importance of ekranoplan T/O analysis :

* Interaction of ekranoplan body with water during T/O.

* Engine thrust evaluation (hydrodynamic drag
consideration)
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B/oanr .,
ﬁi‘!j 01| Take-Off Simulation

First approach : Hydrofoils

This concept was dropped

due to:

 Enormous stresses
developing in hydrofoils.

e Additional drag due to

hydrofoils.

Therefore a special hydrodynamic shape was
acquired to ekranoplan lower fuselage part in
order to enable it to lift itself above water.
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« Ekranoplan’s angular positic
assuming AOA (Tau) at
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Engine location

Engines on the top: Engine on the tail:

Orlenok

B i



3, T Engine selection




Front section with folding
engines
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Cruising engines

(for configuration C):

Europrop
TP400-D6

e Prop diameter: 5 [m]

e Length: 3.5 [m]

e Max power: 13,000 [SHP]
e RPMmax : 840

e Dry weight: 1,830 [kg]

e SFC : 0.17 [kg/hr/SHP]

e Aircraft applications: Airbus A400M
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,_.A-djus’table nozzle <& 3
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Diffuser




Configuration V [km/hr] 1 1.1‘7.
([knots])
e
_ 403 (217) | 5880 (3176)
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forward limit

empty+fuel

neutral point

aft limit \

take off-fuel
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» Maximum Xcg. movme
» Stability range : 8%=

» Trimming Clmax=>f

> Inﬂuence ﬂfﬁ

Fo




Structure design

scapula

olecranon process

radius W
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» Fuselage structure desig
different parts:
1. Stringer desig
2. Frame design

f , L
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Fuselage It
De31gnl 1

» Stringers’ shape and loca
surface 1s derived from

» Weight distribution o '
assumed to be "ys

e - P 1 Load distribution atong the plane
T T T T

X




De51gnl

» Bending moment along
simple integration (for ¢
approximation 1s used

%10 Bendlr‘rg momantalong the plane
T

o) bmﬁwﬂma}wﬂhm
—— Fnear approvimation (absalue valie,

L Mpﬂw&hﬂmm raf safety of 1.5}
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1IFuselage Structure Design
/ Stringers

» Stringer
arrangement that
provides the
needed moment
of inertia
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Blownk . Fuselage Structure
===  Design/Frames
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' % Fus Tl
Design/Bottom H
> Lower part of the fuselage (hull) is
hydrodynamic loads con

» During take- off the lov
to the following
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Fuselage Structure
Design/Bottom Hull

» In order to stand the
hydrodynamic loads,
double skin configuration

was chosen for bottom
hull

.......




Fuselage Structure
Design/Bottom Hull

> Inner skin
lays upon >
StI’iIlgerS and

& == e



Fuselage Structure
Design/Bottom Hull

» Bottom hull
frames &
stringers



Fuselage Structure
Design/Bottom Hull
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» Frames & bottom hull i

inner skin |
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> Initial sizing was based on apprc
calculations

> L.oad cases considered: _




Wing Structure Arrangement

Skin not shown

Stringers (shown only on root segment)
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Sfoak &
H3340501 Wing Structure Arrangement

Top skin 3
Spar no. 2 P

Stringer

: _H Bottom skin
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ﬁiﬁi Wing Structure: FE Analysis

» Done using MSC
Patran/Nastran

» Special thanks to

Shabtai Temoraz, [AI
for assistance

» Basic geometry:

I 21000 mm

= 7918 mm

K= 1638 mm

N 1100 mm




Wing Struc _'.‘_m"‘ ¥

» Representative section

Effective width =450.0

106 106

Spacing = 1100 mm
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Loading case for FE Analysis

» Approximate pressure distribution

» Corresponds to flight at V=130 m/s, n,=2.5

Bottom Surface Top Surface

. . Leading edge . e ” v Leading edge

o
o £

! i ! ! ! i ! !

m
oo
ra wa
!

Pressure [Pa]

Pressure [Pa]

=

m
= 3=1
Y

Spanwise station
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FE Analysis: Refined S

[

i

MSC.Patran 2003 r2 15-Jun-04 09:56:38

Thickness Scalar Plot
t=15
J

Beam caps area:

Root

MSC.Patran 2003 12 15-Jun-04 09:19:45

Thickness Scalar Plot

MSC Patran 2003 r2 15-Jun-04 10:01:33

Thickness Scalar Plot



te Elements: Results
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Fin

At Z1

Max Principal

Stress Tensor,

£

E

o
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26.

Bottom skin

MSC.Patran 2003 r2 15-Jun-04 13:51:08
Fringe:AERO1.SC1, Static Subcase.

1.41
94
A7
.00

ge :
Max 26.7 @EIm 1283.2

Min 0. @EIm 26.3
ge :

default_Frin;
default_Frin,

Fringe:AERQ1.8C1, Static Subcase, Stress Tensor, - Max Princi

MSC.Patran 2003 r2 15-Jun-04 14:00:35

1
- e
E

Max 7.05 @EIm 64
Min 0. @EIm 4223.1

At Z1

0
/'

Min Principal

W

Stress Tensor,
2

04 13:50:20

6 kg/mm

-25.

in

Top sk

Fringe:AERQO1.SC1, Static Subcase

MSC.Patran 2003 r2 15-Jun-

-10
-12
-13
-15.
-171‘
-18

s
SIS
/f %WM%N%VM”’» -
VN
I TN
AR

8
S

&

ge

Max 0. @EIm 1.3

Min

25.6 @EIm 3668.3

default_Frin

ALZ1

Min Principal

04 13:57:53
Stress Tensor,

-25.6 kg/mm?

Fringe:AERO1.SC1, Static Subcase,

MSC.Patran 2003 r2 15-Jun-

default_Fringe :
Max 0. @EIm 2679.1

ad

Min -25 R @ Flm 3RAR 3




default_Fringe :
Max 637. @Nd 4666
Min 0. @Nd 1

637 mm

Fringe: AERO1.8C1, Static Subcase, Displacements, Translational - Magnitude, (NON-LAYERED)

MSC.Patran 2003 r2 15-Jun-04 13:56:05

Max. tip deflection

improved due to low
dered by addition of

1

H

274
2 56}
238
219
20
183
1.65
1.45,
1.28
110
914
732
549
366)
183
000

te Elements: Results

Fini

¥
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ﬁ o4A I

T e
e S i

)

ge
Max 2,74 @Nd 2756

Min 1)

default_Frin
Iri

ffness of the structure should be
t natural freq. of 5.6 Hz

.

1

rs
optimization will be about 18-23 tons

lightening holes and bids

fi
— Additional optimization should be cons

— Estimated total weight of wing structure after additional

Fringe:AERO1.SC1. Mode 1:Freq.<5.567. Eigenvectors, Translafional - Magnitudle, (NON-LAYERED)

First mode of Natural freq. = 5.6 Hz
— The st

MSC.Patran 2003 12 16-Jun-04 14:02:23

> Conclusions
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Wind Tunnel Test




Bloas o
ﬁ.ﬂ!ﬂ Wind Tunnel Test
» Test model

 Rectangular wind
with Clark-Y 14

section
e Board for ground
simulation
» Test parameters
e« AR
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Wind' Tunnel Test
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cd_exp A

R=2.25

Clalfa/Clalfa inf

Clalfa/Clalfa_inf vs. h/c

& AR=2.75
m AR=2.25
AR=1.75
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Cost estimation
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Points for
future develc

» A door to close th§
> A detailed structur
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