
����������Samson project 2004A

Critical Design ReviewCritical Design Review



Our TeamOur Team

Baruch Baruch GaidukGaiduk ����������������	������	

EvgenyEvgeny YujelevskiYujelevski ��
	����
	����������������
�������
���

Olga Olga MarkovichMarkovich ���������������� �	�����	����

ArieArie ProsvetovProsvetov ��������������
�������
���

Daniel Daniel KutikovKutikov ������
�������
���������������������

Alexander Alexander KlebanovKlebanov ����
�
�������
�
�����
�����
���

Inna Inna KaprovskyKaprovsky ��
�����
�������
���������
�����

Alexei Rosich                  Alexei Rosich                  ����
�������
���������
������
����

Roman Roman ReitbortReitbort ����������������������������

EvgenyEvgeny ShavelzonShavelzon �
	���
	��������������������

���
�����
������
�������
�����������������������������Joseph Joseph ShamenzonShamenzon
��
���
�������������������������������DrorDror ArtziArtzi





Ground Effect:Ground Effect:



Ground Effect:Ground Effect:

� Tip vortex decrease
� The pressure under 

the wing increases

� Lift increases
� Drag decreases



WIG Craft HistoryWIG Craft History

�1930s - first design proposals
�1960s – serious WIG designs

• Central Hydrofoil Design Bureau in USSR
• A. Lippisch reverse delta wing designs in USA

�Current Status of WIG Craft
• All large Russian projects closed due to lack of 

funding 
• Most of the projects that appeared in 90’s are 

terminated
• Only one small ekranoplan is in production
• The concept is still alive



Basic Design ConceptsBasic Design Concepts

�Reversed Delta (Prof. 
Lippisch Principle)

�Tandem (Joerg Principle)

�Ekranoplan (Power 
Augmented Ram Wing in 
Ground Effect)



Russian WIG Craft TimelineRussian WIG Craft Timeline



RussiaRussia

Lun’, 1987

KM, 1967 Orlenok, 1974

Amphistar, 2000



Other CountriesOther Countries

AFD X-114, 1977

Flightship FS-8, 2001

Guangzhou Tianxiang TY-1, 1997

Boeing Pelican, concept



Advantages and Advantages and 
disadvantages of ekranoplansdisadvantages of ekranoplans



��AdvantagesAdvantages::
• Ground effect reduces drag
• No pressurization is needed
• No need for extra fuel for holding - runway is 

always below
• Potentially lower operating costs

Advantages and Advantages and 
disadvantages of ekranoplansdisadvantages of ekranoplans



�� DisadvantagesDisadvantages:  :  
• WIGs are sensitive to weather conditions such as wave 

height and wind speed
• Ekranoplans flight close to the ground, therefore, 

is reached at lower velocities than in higher altitudes of 
flight

• Short service life because of corrosion
• There is a constraint to flight only above seas, oceans or 

smooth plains
• Providing thrust for takeoff (extra weight of start 

engines)
• Fuselage must be strong enough to withstand water 

takeoff and landing
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Advantages and Advantages and 
disadvantages of ekranoplansdisadvantages of ekranoplans



Specifications of Specifications of 
Samson ekranoplanSamson ekranoplan

��Name:  SamsonName:  Samson
��Country of Origin: IsraelCountry of Origin: Israel
��Type: Long range, lowType: Long range, low--level level 

(ground(ground--effect) marine transport.effect) marine transport.



Specifications Specifications 

��Performance:Performance:
• Max cruise speed: 250 [knots]  (463 [km/hr]) 
• Economy cruise: 217 [knots] (403 [km/hr]) 
• Range at economy cruise speed (with 60 ton fuel 

and 120 ton payload ): 3176 [nm] (5880 [km])
• Range at economy cruise speed (with 110 ton fuel 

and 70 ton of payload): 6495 [nm] (12225 [km])



�� Weights:Weights:
•• Empty: 120 [ton] (263,000 [lb])Empty: 120 [ton] (263,000 [lb])
•• Max takeMax take--off : 300 [ton] (661,500 [lb]) off : 300 [ton] (661,500 [lb]) 
•• Max payload: 138 [ton] (304,175 [lb])Max payload: 138 [ton] (304,175 [lb])

SpecificationsSpecifications



��Accommodation:Accommodation:
Normal Flight crew of three (including 2 pilots Normal Flight crew of three (including 2 pilots 
and a freight handler)and a freight handler)

��Cargo arrangement:Cargo arrangement:
Two decks:Two decks:
•• Upper deck: one row of 21 containers. Upper deck: one row of 21 containers. 
•• Lower deck: two rows, Lower deck: two rows, total of 45 containers.total of 45 containers.

SpecificationsSpecifications



��Power plant:Power plant:
•• Two HK jet engines. Power: 25 ton maximum Two HK jet engines. Power: 25 ton maximum 

thrust each engine, used for takeoff only.thrust each engine, used for takeoff only.
•• Three EUROPROP TP400Three EUROPROP TP400--D6 turboprop D6 turboprop 

engines. Power: 13000 SHP each engine, used engines. Power: 13000 SHP each engine, used 
for takeoff & cruise.for takeoff & cruise.

��Takeoff distance: Takeoff distance: 
1.04 [nm]  (1900 [m])1.04 [nm]  (1900 [m])

SpecificationsSpecifications



SpecificationsSpecifications

�� DimensionsDimensions::
Span: 48 mSpan: 48 m
Length: 70 mLength: 70 m
Height: 7.18 mHeight: 7.18 m
Rectangular wing.Rectangular wing.
Wing area: 576 mWing area: 576 m22

Wing chord:12 mWing chord:12 m
AspectAspect--RatioRatio--wing: 4wing: 4
Horizontal tail: (swept T)Horizontal tail: (swept T)
Tail area: 230 mTail area: 230 m22

Tail span: 36 mTail span: 36 m
Tail AspectTail Aspect--Ratio: 5.6Ratio: 5.6



Flight Conditions Flight Conditions 
&Wave Height&Wave Height



Global chart :

Flight Conditions Flight Conditions 
&Wave Height&Wave Height



Mediterranean Sea chart :

Flight Conditions Flight Conditions 
&Wave Height&Wave Height



Conclusions :Conclusions :
��Near ocean coastline, in many areas in deep Near ocean coastline, in many areas in deep 

ocean and in Mediterranean sea the wave ocean and in Mediterranean sea the wave 
height is mostly lower than 3 meters. height is mostly lower than 3 meters. 

��Efficient flight altitude of Samson is when Efficient flight altitude of Samson is when 
waves height is lower then ~3 meters .waves height is lower then ~3 meters .

��Therefore, Samson is able to fly in many Therefore, Samson is able to fly in many 
regions regions -- not only above seas, but also above not only above seas, but also above 
oceans.oceans.

Flight Conditions Flight Conditions 
&Wave Height&Wave Height



Configuration Configuration 
development development --weightweight

W=300 [ton]W=300 [ton]

. .   high altitude = large chord

large chord          large wing area
large wing area   high weight

altitude
G E

chord
� �

�

�



Configuration Configuration 
development development -- velocityvelocity

�� Vehicles lying  Vehicles lying  
on the   on the   
““Limiting LineLimiting Line””
have the best have the best 
operational operational 
efficiency         efficiency         
at every speed. at every speed. 

““Some topics on WIG (Some topics on WIG (ekranoplanekranoplan) design) design”” by Shigenori Andoby Shigenori Ando



�� Velocity of 400 to Velocity of 400 to 
500 km/h in order to 500 km/h in order to 
challenge existing challenge existing 
aircrafts.aircrafts.

Configuration Configuration 
development development -- velocityvelocity



Wing Area and Aspect RatioWing Area and Aspect Ratio



Wing Area and Aspect RatioWing Area and Aspect Ratio
�Given: Takeoff weight = 300 ton 
�Goals: Takeoff below 140 kt and cruising above 

240 kt
�Choosing: Wing chord of 12 m => have full 

benefit from G.E. and fly relatively high

�Wing area (= wing loading) affects performance
– Takeoff speed
– Best cruise speed



�Choosing: AR=4 => Trade-off between low 
AR wing typical for WIG craft and more 
efficient conventional wing

�Therefore: S = 576 m2 , W/S = 521 kg/m2

�Assuming CLmax of 2.5 can be reached  
=> VTO=123 kt

�Max. L/D is 19.7 at 220 kt

Wing Area and Aspect RatioWing Area and Aspect Ratio



Cross section and cargo Cross section and cargo 
arrangement:arrangement:



The reasons for that choice are:The reasons for that choice are:

•• Low angels of attack Low angels of attack 
•• Sea level cruising Sea level cruising �� no need in cabin pressurization no need in cabin pressurization 
•• Better volumetric efficiency relatively to a circular crossBetter volumetric efficiency relatively to a circular cross

section section 
•• Take off from water Take off from water �� ship like triangular bottomship like triangular bottom

�� Rectangular cross section with triangular    Rectangular cross section with triangular    
bottom was chosenbottom was chosen

CrossCross--Section ShapeSection Shape



�� Dimensions determination of the cross sectionDimensions determination of the cross section

LD3 ContainerLD3 Container ALP   ContainerALP   Container

Weight:Weight: from 163 lb / 74 kg from 163 lb / 74 kg 
Dimension:Dimension:
length 1534  mmlength 1534  mm
bottom width 1562  mmbottom width 1562  mm
top width 2007 mmtop width 2007 mm
height 1626 mmheight 1626 mm
Gross Weight:Gross Weight: 3.500 lb / 1.588 kg3.500 lb / 1.588 kg

Weight:Weight: from 440 lb / 200 kgfrom 440 lb / 200 kg
Dimensions:Dimensions:
length 1534 mmlength 1534 mm
width 3175 mmwidth 3175 mm
height 1626 mmheight 1626 mm
Gross Weight:Gross Weight: 7.000 lb / 3.175 kg7.000 lb / 3.175 kg

Air cargoAir cargo
containerscontainers

CrossCross--Section ShapeSection Shape



�� Two deck configurationTwo deck configuration

•• Double capacity relatively to the one deck Double capacity relatively to the one deck 
configuration. configuration. 

•• Structural advantage as result of  Structural advantage as result of  
strengthening of cross section by partition strengthening of cross section by partition 
between two decks.between two decks.

CrossCross--Section ShapeSection Shape



�� Samson cross section with containersSamson cross section with containers

CrossCross--Section ShapeSection Shape

ALP   ContainerALP   Container

LD3   ContainerLD3   Container



Containers arrangementContainers arrangement

Maximum payload weight: 138 ton

40 40 LD3 containers LD3 containers in two rowsin two rows
26 26 ALP containers ALP containers in one rowin one row



Aerodynamic DragAerodynamic Drag
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Aerodynamic DragAerodynamic Drag
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TakeTake--Off SimulationOff Simulation



TakeTake--Off SimulationOff Simulation

��The importance of ekranoplan T/O analysis :The importance of ekranoplan T/O analysis :
•• Interaction of ekranoplan body with water during T/O.Interaction of ekranoplan body with water during T/O.
•• Engine thrust evaluation (hydrodynamic drag Engine thrust evaluation (hydrodynamic drag 

consideration)consideration)



First approach : HydrofoilsFirst approach : Hydrofoils

This concept was dropped This concept was dropped 
due to: due to: 
•• Enormous stresses Enormous stresses 

developing in hydrofoils.developing in hydrofoils.
•• Additional drag due to Additional drag due to 

hydrofoils.hydrofoils.
Therefore a special hydrodynamic shape was Therefore a special hydrodynamic shape was 
acquired to ekranoplan lower fuselage part in acquired to ekranoplan lower fuselage part in 
order to enable it to lift itself above water.order to enable it to lift itself above water.

TakeTake--Off SimulationOff Simulation



��Hydrodynamic Forces Breakdown :Hydrodynamic Forces Breakdown :

•• Planing force (lift + drag)Planing force (lift + drag)
•• Buoyancy force (lift)Buoyancy force (lift)
•• Shape dragShape drag
•• Friction dragFriction drag
•• Wave/Spray dragWave/Spray drag

TakeTake--Off SimulationOff Simulation



��Simplified ekranoplan model :Simplified ekranoplan model :
•• RectangularRectangular--shaped body with prismatic hull.shaped body with prismatic hull.
•• Coordinates we have chosen :Coordinates we have chosen :

3 degrees of freedom:3 degrees of freedom:
•• Axial movementAxial movement
•• h h ---- ekranoplanekranoplan’’s nose lower part height relative to the s nose lower part height relative to the 

water surfacewater surface
•• Tau Tau ---- ekranoplanekranoplan’’s AOA in the waters AOA in the water

TakeTake--Off SimulationOff Simulation



•• EkranoplanEkranoplan’’ss angular position was defined by angular position was defined by 
assuming AOA (Tau) at any instant of time in the assuming AOA (Tau) at any instant of time in the 
following way :following way :��

•• We obtained an optimal AOA (We obtained an optimal AOA (TauTau) value that ) value that 
gives us minimal T/O time distance and drag.gives us minimal T/O time distance and drag.

TakeTake--Off SimulationOff Simulation



TakeTake--Off SimulationOff Simulation
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��We obtained that the optimal Tau value equals We obtained that the optimal Tau value equals 
8.5 deg8.5 deg. For this value the important T/O . For this value the important T/O 
parameters are :parameters are :

��T/O time : 57 [sec]T/O time : 57 [sec]
��T/O distance : 1920 [m]T/O distance : 1920 [m]
��Maximal total drag : 67 [tonf]Maximal total drag : 67 [tonf]

TakeTake--Off SimulationOff Simulation



PropulsionPropulsion



Drag ModelDrag Model



Engines on the top:

Be-200

Lun’

Engines on the nose:

Engine on the tail:

Orlenok

Engine locationEngine location



EngineEngine selectionselection

Configuration BConfiguration BConfiguration AConfiguration A

Configuration CConfiguration C



Front section with folding Front section with folding 
enginesengines



+Adjustable nozzle
0.72TSFC (cruise) [kg/hr/kgf]

Tu-160Aircraft applications

14Cruise thrust [ton]

1.7(AB)TSFC (max thrust) [kg/hr/kgf]

25(AB)Max thrust  [ton]
3,400Dry weight [kg]

6Length [m]
1.460Fan diameter [m]3232--HKHK

Take off engines Take off engines 
(for configurations C):(for configurations C):



Europrop Europrop 

•• Prop diameter: 5 [m]Prop diameter: 5 [m]
•• Length: 3.5 [m]Length: 3.5 [m]
•• Max power: Max power: 13,00013,000 [SHP][SHP]
•• RPMmaxRPMmax : 840: 840
•• Dry weight: 1,830 [kg]Dry weight: 1,830 [kg]
•• SFC : 0.17 [kg/hr/SHP]SFC : 0.17 [kg/hr/SHP]

•• Aircraft applications: Airbus A400MAircraft applications: Airbus A400M

TP400TP400--D6D6

Cruising engines Cruising engines 
(for configuration C):(for configuration C):



Adjustable nozzleAdjustable nozzle

HKHK--32 Engine32 Engine DiffuserDiffuser

Configuration CConfiguration C



DiffuserDiffuser



Range calculationRange calculation

��	
���5880 403  (217)CC

5680  (3067)403  (217)BB

2914  (1573)536  (290)AA

Max Range 
[km] ([nm])

V [km/hr] 
([knots])

ConfigurationConfiguration

@ (@ (D/VD/V))minmin=1197 =1197 [Nt/m/sec]

@ @ (L/D)(L/D)maxmax = = 19.24

@ @ (L/D)(L/D)maxmax = 19.73= 19.73
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Ranges from HaifaRanges from Haifa

3691369168366836London XLondon X
1866186634553455��Barcelona Barcelona 
1669166930903090��Marseille Marseille 
1505150527872787��Venice Venice 
1460146027042704��Napoli Napoli 
96096017771777��Istanbul Istanbul 
343343635635��Antalya Antalya 

Range [nm]Range [nm]Range [km]Range [km]CityCity

The main requirement is The main requirement is 

max range max range �� Configuration CConfiguration C

Payload=120 ton, range = Payload=120 ton, range = 58805880 [km] [km] ((�������� [nm])[nm])



Weight and balanceWeight and balance



Weight estimation:Weight estimation:

�� Wing and fuselage weights were Wing and fuselage weights were 
calculated on the basis of their design.calculated on the basis of their design.

�� Other component weights were Other component weights were 
estimated by statistical review of some estimated by statistical review of some 
big WIG airplanes.big WIG airplanes.



The weights are:The weights are:
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Locations:



forward limit

neutral point

weight

Chord



Stability:Stability:

�� Maximum Maximum XcgXcg. . movmentmovment: 16.7%: 16.7%
�� Stability range : 8%=>aft limit.Stability range : 8%=>aft limit.
�� Trimming Trimming ClmaxClmax=>forward limit.=>forward limit.
�� Influence of ground effect at height 5 meter: Influence of ground effect at height 5 meter: 

�� Stability was checked for all fly conditions. Stability was checked for all fly conditions. 
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Structure designStructure design



Fuselage Structure DesignFuselage Structure Design

� Fuselage structure design was divided into three 
different parts:
1. Stringer design.
2. Frame design.
3. Bottom hull design.

� Each part was designed using different 
considerations.

� Aluminum 7075 was chosen for manufacturing of 
all parts.



� Stringers’ shape and location along the plane’s outer 
surface is derived from bending load considerations.

�Weight distribution of every part of the plane is 
assumed to be constant:

Fuselage Structure Fuselage Structure 
Design/StringersDesign/Stringers



Fuselage Structure Fuselage Structure 
Design/StringersDesign/Stringers

�Bending moment along the plane is obtained then by 
simple integration (for calculations linear 
approximation is used):



Fuselage Structure DesignFuselage Structure Design
/ Stringers/ Stringers

� Stringer 
arrangement that 
provides the 
needed moment 
of inertia



Fuselage Structure Fuselage Structure 
Design / FramesDesign / Frames

� Frame shape and location along the axis of the plane 
are derived from buckling load considerations.

� Frame clustering in certain places of the fuselage is 
due to concentrated loads on the fuselage in these 
places (like wing-fuselage connection, etc.).  



Fuselage Structure Fuselage Structure 
Design/FramesDesign/Frames



Fuselage Structure Fuselage Structure 
Design/FramesDesign/Frames



Fuselage Structure Fuselage Structure 
Design/Bottom HullDesign/Bottom Hull

�Lower part of the fuselage (hull) is derived from the 
hydrodynamic loads considerations. 

�During take-off the lower fuselage part is subjected 
to the following hydrodynamic loads:  



Fuselage Structure Fuselage Structure 
Design/Bottom HullDesign/Bottom Hull

� In order to stand the 
hydrodynamic loads, 
double skin configuration 
was chosen for bottom 
hull



Fuselage Structure Fuselage Structure 
Design/Bottom HullDesign/Bottom Hull

� Inner skin 
lays upon 
stringers and 
special small 
bottom hull 
frames



Fuselage Structure Fuselage Structure 
Design/Bottom HullDesign/Bottom Hull

�Bottom hull 
frames & 
stringers



Fuselage Structure Fuselage Structure 
Design/Bottom HullDesign/Bottom Hull

� Frames & bottom hull 
inner skin



Forces on wing, horizontal Forces on wing, horizontal 
and vertical tailand vertical tail
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Wing StructureWing Structure

�We performed preliminary design of wing 
structure

�Basic features:
– Cantilever
– Multispar
– Construction material: Al 7075 T6
– Uses integral machined or extruded elements
– Will contain integral fuel tanks



Wing StructureWing Structure
� Initial sizing was based on approximate stress 

calculations
�Load cases considered:

� Safety factor: 1.5
�Direct stresses are carried by 7 spars, skin and stringers
� Shear stresses are carried by spar webs and skin
� Stringer and rib spacing is driven by skin stability 

considerations

V = 60÷140m/s
nz = -1÷2.5
Fuel: 0÷110 ton
Max. takeoff 
weight



Wing Structure ArrangementWing Structure Arrangement



Wing Structure ArrangementWing Structure Arrangement

Spar no. 2

Spar no. 1

Rib segment

Stringer

Top skin

Bottom skin



Wing Structure: FE AnalysisWing Structure: FE Analysis

�Done using MSC 
Patran/Nastran

� Special thanks to 
Shabtai Temoraz, IAI 
for assistance

�Basic geometry:

mm1100S = 

mm1638H = 

mm7918C = 

mm21000L = 



Wing Structure: FE AnalysisWing Structure: FE Analysis
�Representative section
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Wing Finite Element ModelWing Finite Element Model



Loading case for FE AnalysisLoading case for FE Analysis
�Approximate pressure distribution
�Corresponds to flight at V=130 m/s, nz=2.5



FE Analysis: Refined SizingFE Analysis: Refined Sizing



Finite Elements: ResultsFinite Elements: Results



Finite Elements: ResultsFinite Elements: Results

�Conclusions:
– The stiffness of the structure should be improved due to low 

first natural freq. of 5.6 Hz
– Additional optimization should be considered by addition of 

lightening holes and bids
– Estimated total weight of wing structure after additional 

optimization will be about 18-23 tons

Max. tip deflection = 637 mm



Cockpit arrangement



Systems arrangement



Fuel arrangementFuel arrangement



Cockpit viewsCockpit views



Cargo door designCargo door design



Cargo door designCargo door design



Final configurationFinal configuration









Wind Tunnel TestWind Tunnel Test



� Test model 
• Rectangular wind 

with Clark-Y 14 
section

• Board for ground 
simulation

� Test parameters
• AR
• 
 (aoa)
• h (distance above                                               

the board)       

Wind Tunnel TestWind Tunnel Test



Wind Tunnel TestWind Tunnel Test



Clalfa/Clalfa_inf vs.  h/c
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Wind Tunnel Test Results:Wind Tunnel Test Results:
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AR=2.75; 
h/c=0.3

Cd vs. alfa
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Wind Tunnel Test Results:Wind Tunnel Test Results:



L/D vs. alfa for AR=4
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M$	
���M$�	
��Cost per planeRaimer

M$���M$���Cost per plane

M$	����M$		�	������������

1563  M$            RDT&E
Roskam

100 planes
(+5 prototype)

50 planes
(+5 prototype)Cost estimation           

M$���187.5 - 214.5��������Boeing 747-400 Freighter
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�Samson’s performances are better than the performances of it’s rivals

�Another iteration of drag calculations might narrow the difference



Points for Points for 
future developmentfuture development

�A door to close the inlets above the cockpit
�A detailed structural design 
�Detailed stability analysis 
�Control
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