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ABSTRACT

Investigation of Structural design and safety for light weight
carbon—epoxy composite fuselage of small a scale WIG vehicle

by Kim, Ju Il
Advisor : Prof. Kong, Chang-Duk, Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

In this study, structural design, safety and stability on the fuselage
of a small scale WIG (Wing in Ground Effect) vehicle was investigated. The
Carbon—Epoxy composite material was used in designing fuselage structure,
and the honeycomb sandwich skin, ring frame, longeron 'semi-monocoque'
type structure was adopted. Fuselage loads may be classified as symmetric
load(Load case 1), Unsymmetric load(Load case 2), and loads experienced at
the center of fuselage at splash down. However splash down loads may still
be divided into head on loads(Load case 3-2), and at the aft belly
point(Load case 3-3). The skin is designed to withstand buckling with the
improved last design using sandwich structure where the skin form part of
the fuselage weight.'T' shaped stringers were used together with U shaped
ring frame that are in 3 parts, wing attachment ring frame, tail wing
attachment ring frame and front, rear ring frame. F.E.M.(Finite element
method) was used for structural analysis of the fuselage with about 19080
mesh grids generated. Natural frequency analysis together with Cambell

diagram was wused to determine the occurrence of resonance. The



Carbon/Epoxy material was selected for the major structure, and the
aluminum honeycomb core sandwich structural type was adopted for
improvement of lightness and structural stability and for 1its less
component parts than steel structure All the advantages of Carbon/Epoxy
led to its choice as the material of use with a slight decrease in the
number of ply used. From static strength analysis results using finite
element method of the commercial code 'NASTRAN/ PATRAN', it was found that
finally designed fuselage configuration with the Al honeycomb sandwich
structure has structural safety as well as stability even though the

designs weight 1s a little bit heavier than the target weight.
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Fig. 1 3D Model for Whole WIG Vehicle



Fig. 2 Side View of WIG Vehicle

Fig. 3 Top View of WIG Vehicle



Fig. 4 Front View of WIG Vehicle

Table 1 Specification of Small Scale WIG Vehicle

Length 23.52m
Height 8.15m
Pay Load 2Passengers+ 2Pilots+ luggages
Fuselage Width 2.4m
Gross Weight 8.5ton
Empty Weight 6.5ton
Maximum Speed 170km/h

Operation Condition

Wave Height 2m

Operation Altitude

Flight Height 150m

Engine Power

2><1000 hp

Material

Carbon/Epoxy laminates +

Al honeycomb core sandwich
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Investigation of Design Requirements

- Aerodynamic configuration

- Aerodynamic loads

- Structural design requirements

‘ Mechanical Material Properties ‘

v

Structural Design of Fuselage

‘ Structural Design Load Estimation ‘

v

<

Modification and

Trade off

Evaluation of Fuselage Structural Safety, Stability

Using F.E.M Code

Check Target

Weight:

Design Weight

Finalize Structural Design

Fig. 2 Structural design procedure of

WIG vehicle
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Table 3 Description of Load Case 1

n f W=9.8(N) Lwe(N) Station No.
2.00 1.50 80203.20 147934.69 21
Lift on Lift on the
nWIN) LweeLr(N) fuselage(N) wings(N) Lr(N)
160406.40 145860.48 4438.04 143496.65 -2074 .21




Table 4 Shear Force and Bending Moment Distributions in Load Case 1

STN. . Proof
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c.g.(m) (N)
1 2 3 4 5 5 7 3 9 10 11
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5 4.00 | 440.90 | —8641.64 211.34] —8430.30] —12645.46] —26918.40] —40377.61|-107673.61] —329678.19] —494517.29
6 320 | 438.70 | -8598.52 211.34] —8387.18] —12580.78] —35305.59| —52958.38| —112977.88] —442656.08] —663984.12
7 240 | 864.40 | ~16942.24 211.34] —16730.90] —25096.36] —52036.49] —78054.74| —124887.58] —567543.66] —851315.49
%] 1.8 ~73967.34| —73967.34] —110951.01| —126003.84] —189005.75| -230587.02] —798130.68|—1197196.02
B 160 | 857.80 | -16812.88 211.34] —16601.54] —24902.32| —142605.38] —213908.07| —228168.61| —1026299.29|—1539448.93
9 0.80 | 853.40 | ~16726.64 211.34] —16515.30] —24772.96] —159120.69] —238681.03] —127296.55] —1153595.84| 173039376
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Table 5 Torque of Fuselage at Unsymmetric Load in Load Case 2

L, 34115.39N
hp 3.08m
T 105.07kN
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Table 6 Fuselage at Quasi-Landing Impact Load
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Table 7 Design Result of Fuselage Skin and Stringer

N 332,996N
T 114.5MPa
Cskin 0.378mm
M 2,210.96kNm
Aringer 1,125mm2
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Table 8 Design Result of Fuselage Skin

K, 22.39
K, 89.12
z 84.86
O 139.40MPa
Tor 124.23MPa
gy 94.88MPa
T 0.00055MPa
R, 0.68
R, 0.000004
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Table 9 Design Result of Fuselage Ring Frame

Mp 63952.55Nmm
Ir 260,459mm”
Mg 26,243Nmm
Ix 92,734mm”"
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Table 10 Design Result of Fuselage Ring Frame

My 470,000Nm
Iy 205,940,8600mm"
My 105Nm
It 140,009mm"
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Table 11 Design Result of Fuselage Floor

M 1.44kNm
t 2.7mm
h 26mm







Table 12 Structural Design Results of Fuselage

Part Thickness| Ply Material Orientation
Skin 7t 35ply Fabric 7[+45°3,0°/90°,+45°]
Stringer 5t 36ply ub 3[0°3,45°,0°3,90°,0°3,-45°]
Front 4t 30ply ub 3[90°,0°3.90°]s
Frame Wing join 10t 72ply ub 4[0°3,45°,0°3,-45°,90°]s
Rear 4.5t 33ply ub 3[0°3,90°,0%3,45°,0%5,-45°]
Tail join 5t 36ply ub 3[0°3,45°,0°3,90°,0%3,-45°]
Skin 2.8t 14ply Fabric 2[0°/90 ’i455’oo‘0/380’ui]45 ,07/90"+4
Floor Core 24t - Al honeycomb -
Bond 5t 25ply Fabric 5[0°/90°,£45°,0°/90°,£45°,0°/90°]
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Table 13 Mechanical Properties of Carbon/Epoxy Composite Materials

Materiall . tbon/Bpoxy UD | Carbon/Epoxy Fabric
Property
Longitudinal Modulus (GPa) 145 63.4
Transverse Modulus (GPa) 10 58
Axial Shear Modulus (GPa) 4.8 56.1
Poisson's Ratio 0.25 0.17
Longitudinal Tensile Strength (MPa) 1240 635
Longitudinal Compressive Strength (MPa) 1240 527.9
Transverse Tensile Strength (MPa) 41 411.7
Transverse Compressive Strength (MPa) 170 304.4
In-Plane Shear Strength (MPa) 80 114.5
Density (kg/mm”) 1.58x10° 1.58x10"°
Thickness (1ply) (mm) 0.14 0.2

Table 14 Mechanical Properties of Aluminium Honeycomb Core Materials

Material
Al Honeycomb Core 1|Al Honeycomb Core 2

Property
Compressive Strength (MPa) 0.69 4
Plate Shear Strength (MPa) 0.41 1.58
Compressive Modulus (Gpa) 206.84 1185.89
Plate Shear Modulus (Gpa) 20 186.15
Density (kgf/mm”) 25.63x107 66.88%10"7
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Fig. 17 Mesh generation for finite element analysis
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MSC.Patran 2005 04-MNov-06 02:03:.04 G 1 87+002)
Fringe: Default A4:Static Subcase. Stress Tensor. . X Compaonent.

768+007

667001

B 66+001

4 65+001

3 65+007

2.64+001

1.63+007

-1.39+001
default_Fringe

Manc 1. 37+002 @Nd 39366
Min-1.39+001 @Nd 40251

Fig. 18 Stress Contour of Fuselage in Load Case 1



MSC Patran 2005 25-0c-06 04.32.05 3.94+000]
Fringe: Defoult, AZ Static Subcase, Displacements, Translational. Magnitude, (NON-LAYERED)
Deform: Default A2 Static Subcase, Displacements, Translational. 3.68+000

1.06+000)
7.89-001

5.26-001

263-001

o]
f default_Fringe

Max 3.94+000 @Nd 2896(
X//l\y Min 0. @Nd 4424
default_Deformation
Max 3.94+000 @Nd 2895(

Fig. 19 Deformed Configuration of Fuselage in Load Case 1

MSC Patran 2005 04-MNow-06 02:07:32 4 84+007]
Fringe: Default, A4:Static Subcase. Stress Tensor, . X Component,
4 51+002)

4.18+002f
3.86+002f
3.52+002]
3.19+002f
2.86+002f
2.53+002f
2.20+002]
1.86+002]
1.63+002]
1.20+002]

8.72+001

5.41+001

f 2.10+001

X/J_Y -1.21+001
default_Fringe :

Max 4 84+002 @Nd B304€
Min -1 214001 @A A02R1

Fig. 20 Stress Contour of Fuselage on Load Case 2
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Deform: Default A2:Static Subcase. Displacements. Translational, 3.68+000

3.42+000)

3.15+000)
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2.37+000)
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1.84+000)

1.68+000)
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5.26-001
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0
default_Fringe :
Max 3.94+000 @Nd 28950
Y Min 0. @MNd 4424
default_Deformation
Max 3.94+000 @Nd 28950

Fig. 21 Deformed Configuration of Fuselage in Load Case 2

MSC Patran 2006 04-MNow-06 02:11:18

Fringe: Default A4:Static Subcase, Stress Tensor,, X Component,

— 8.45+001
7.65+001
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1.23+001

4. 27+0008

-3.76+000[

-1.18+001
default_Fringe

Max 1.09+002 @Nd 39366
Min-1.18+007 @Nd 40261

Fig. 22 Stress Contour of Fuselage in Load Case 3



MEC.Patran 2005 25-0ct-06 05:31:11

Fringe: Defoult. A3:Static Subcase, Displacements. Translational. Magnitude, (NON-LAYERED)

Deform: Default, AZ:Static Subcase, Displacements, Translational,

et

8.09+000

T.B5+000)

7.01+000f

6.47+000]

£.93+000)

£.39+000f

4.86+000)

4.32+000]

3.78+000)

3.24+000]

2,70+000]

2.16+000]

1.62+000)

1.08+000)

539-001

Q

default_Fringe
Max 8.09+000 @Nd 36302
Min 0. @Nd 4424
default_Deformation
Max 8.09+000 @Nd 36302
Frame: 2
Serals = 7 N7-AN1

Fig. 23 Deformed Configuration of Fuselage in Load Case 3

Table 15 Structural Analysis Results

Case of analysis| Symmetric Load Unsymmetric load Splash Down

Analysis result (Load Case 1) (Load Case 2) (Load Case 3)
Max. stress Ten. 137 434 109
[Mpa] Com. 135 694 117
Max. disp. [mm] 3.84 3.94 8.9
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Table 16 Buckling Analysis Results at First Design
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MSCPatran 2005 26-Oct06 04:41 09

Defarm: SC2DEFAULT, A3Mode 1 : Factor = 0.30763 Eigenvectors, Translational.

Max 1.02+000 @Nd 40214

defautt_Deformation
Frame: 6

Scale =7 07-001

Fig. 24 First buckling mode shape and load

factor in Load Case 1



MSC Patran 2005 25-Oct-06 05:16:59
Deform: 3C2.DEFAULT, A%Mode 1: Factor=-0.049828, Eigenvectors, Translational, 1.01+000

| default_Deformation
I Mz 1.01+000 @Nd 62986
Frame: 8
Scale =7.07-001

Fig. 25 First buckling mode shape and load factor in Load
Case 2

MSC Patran 2005 25-Oct-06 05:31:11
Deform: SCZ.DEFAULT, A3Mode 1: Factor = 0.39672, Eigenvectors, Translational,

default_Deforrnation
Xv"#) Max 1.02+000 @Nd 40214

Frame: 2
Seale =7 07-00M

Fig. 26 First buckling mode shape and load factor in Load
Case 3
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Table 17 Buckling Analysis Results at First Reformed Design

Case of analysis | Symmetric Load | Unsymmetric load| Splash Down
Andysis result (Case 1) (Case 2) (Case 3)
Buckling Load Factor 1.3397 0.1693 1.7734

MSC.Patran 2005 26-Oct-06 18:41:51

Deform: SC2:DEFAULT, Al:Made 1 : Factor =-1.3397, Eigenvectars, Translational,

Fig. 27 First buckling

default_Deformation
M=y 1 00+000 @NA R1R]0

mode shape and load factor in Load Case 1



MSC Patran 2005 26-Oct-06 18:47:54
Deform: SC2.0EFAULT. Al:Mode 1 : Factor = 0.16903. Eigenvectors. Translational,

default_Deformation :
Max 1.00+000 @Nd 53046

Fig. 28 First buckling mode shape and load factor in Load Case 2

MSC.Patran 2006 27-0ct-06 03:60:34
Deform: SC2.DEFAULT. Al:hode 1 : Factor =-1.7734, Eigenvectars, Translational.

default_Deformation
Max 2.17-002 @Nd 29373

Fig. 29 First buckling mode shape and load factor in Load Case 3
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Table 18 Buckling Analysis Results at Second Reformed Desig

Case of analysis | Symmetric Load | Unsymmetric load| Splash Down

Andysis result (Case 1) (Case 2) (Case 3)
Buckling Load Factor 0.5711 0.2592 1.2279

MSC Patran 2005 27-0ct-06 04:11:42
Deform: SC2DEFAULT, Al:Mode 1 : Factor = 0.5711, Eigenvectors, Translational.

X\\f

/ default_Deformation
Max 1.00+000 @Nd 3048

Fig. 30 First buckling mode shape and load factor in Load
Case 1



MSC.Patran 2005 27-0ct-06 04:16:24

025328, Eigemvectors. Translational,

Deform: SC2.DEFAULT. Al:bode 1 : Factor

default_Deformation

bz 1 ANLAAN @A RROAR

Fig. 31 First buckling mode shape and load factor in Load Case 2

MSC Patran 2005 27-0ct-06 04:19:05

=-1.2274, Eigenvectars, Translational,

Deform: SCZ.DEFAULT, Al:Mode 1 Factor

default_Deformation

Man 2 04

002 @Nd 28949

Fig. 32 First buckling mode shape and load factor in Load Case 3
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Table 19 Buckling Analysis Results at Third Reformed Design

Case of analysis

Symmetric Load | Unsymmetric load| Splash Down
Andysis result (Case 1) (Case 2) (Case 3)
Buckling Load Factor 0.7739 0.2376 1.0149

MSC Patran 2005 27-0ct-06 06:56:48
Deaform: SC2DEFAULT. Al:Made 1 : Factor=-1.0148

, Eigenvectars, Translational

default_Deformation
Max 2.45-002 @Nd 23979

Fig. 33 First buckling mode shape and load factor in Load

Case 1



MSC Patran 2005 27-Oct-06 04:21:27
Deform: SC2.DEFAULT, Al:Mode 1 : Factor = 0.77391, Eigenvectars, Translational,

00+000

ol

default_Deformation
Max 1.00+000 @Nd 30481

Fig. 34 First buckling mode shape and load factor in Load Case 2

MSC Patran 2005 27-0ct-06 06:54:14
Deform: SCZDEFAULT. Al:Mode 1 : Factar = 023768, Eigenvectors, Translational,

default_Deformation
Ma 1 00+000 @Nd B3046

Fig. 35 First buckling mode shape and load factor in Load Case 3
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Table 20 Buckling Analysis Results at Fourth Reformed Design
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MEC.Patran 2005 27-0ct-06 07:24:10

-0.85226. Eigenvectars. Translational.

Deform: SC2:DEFAULT. Al:Mode 1 : Factor

Fig. 36 First buckling mode shape and load factor in Load Case 1



MEC Patran 2005 27-Oct-06 07:26:50
Deform: SCZ:DEFALULT, AliMode 1 : Factor =-1.0833, Eigenvectors, Translational,

Fig. 37 First buckling mode shape and load factor in Load Case 2

MSC Patran 2005 27-Oct-06 07:28:49
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Fig. 38 First buckling mode shape and load factor in Load Case 3
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Table 21 Design Results Using Al-Core Sandwich Structure

Part Thickness Ply Orientation
. Fabric[£45°,,0°/90°,+45° ]+core4
Skin 8.6t 4ply+core+4ply 7mrm+Fabric[£45°,0°/90°, +45°,]
Stringer 26.2t |11ply+core+1iply| UDL02:457.0%,-457,0%,90",0%]+core

20mm+UD[0°2,90°,0%,,-45°,0%5,45°,0°,]
Fabric[£45°,,0°/90°,+45° ]+core;bmm-+Fabric|
Front 9.4t 4ply+core+24ply | £45°,,0°/90°,£45°1+UD[90°,0°%,,45°,0°5,—-45°,
0°,,90°,0%5,45°,-45°,90°,,-45°,45°,0°5]
UDI[0°%2,45°,0%2,-45°,90°,0°,,45° ]+cores20mm+
UDI[0°%,,45°,90°,-45°]

Wing join| 22.24t | 10ply+core+6ply

Frame
UD[0°,90°,45°,0°,-45°,0° ]+core;22mm+UD[0°
Rear 24.8t | 28ply+core+15ply 245°.0°.45°.90°.0°]
UD2[0°,,45°,0%°,,90°,0°5,—-45°1[-45°,0°4,45°5,0
Tail 46.2t | 28ply+core+15ply|°245°:]+core240mm+UD[0°,90°,0°,-45°,0°,45°
,0°3,45%,0%,,45°%]
Skin 1t S5ply Fabric[0°/90°,+£45°,0°/90°,+45°,0°/90°]
Floor Core 30t - -

UD[0°,45°,0°,-45°,90° ]+core;5mm+UD[0°,45°
Bond 17.8t 5ply+core+10ply |,0°,-45°,90° ]+Fabric[0°/90°,£45°,0°/90°, £45°
,0°/90°]

271 AAA FZ2F A Fxol 7t/ FA] ERFARE AR oY HFT A
W7 A A AReel AA AFulE AUA HojE 44D WEHA FxE da
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Table 22 Design Modification

. . Frame Floor .
Skin | Stringer Front |Wing Join| Rear Tail Join |Skin|Core weight
1st Tt 5t 4t 10t 4.5t 5t 2.8t] 24t 3299kg

2nd | 4.8t 9t 4.2t |3.78t(10t)] 6.6t 1.96t(300) | 1t | 24t 2526kg

3rd 1t 6.2t [4.4t(51)[3.78t(201)|2.8t(20t)| 36.84t(40t) | 1t | 10t 1205kg

4th | 1.6t 6.2t |2.8t(51)|2.24t(201)|2.8t(20t)[ 36.84t(501) | 1t | 10t 1250kg

5th 1.6t [6.2t(201)|2.8t(51)]|2.24t(201)|2.8t(22t)| 8.4t(40t") | 1t | 10t 1190kg

6th |1.6t(71)[6.2t(200)[4.4t(51)|2.24t(200)|4.8t(220)| 6.2t(40t") | 1t | 30t 1208kg
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MSC Patran 2008 25-0ct-06 21:05:35 2 B0+002)

Fringe: Default Al:Static Subcase, Stress Tensor.. X Component

2.42+002)

2.24+002

2.07+002)

1.89+002

1.71+002

1.54+002

1.36+002

1.18+002

1.01+002

8.52+001

6.55+001

4.79+001

5.02+001

1.26+001

5£.10+000)
default_Fringe :

Ay e
17.8 mm

FAA L

Ma 2 60+002 @Nd 39566
Min-5.10+000 @Nd 37643

Fig. 39 Stress Contour of Fuselage in Load Case 1



MSC.Patran 2005 26-0ct-06 21:62:01
Detorm: Defaul A2:Static Subcase. Displacements, Translational,

-

Fig. 40 Deformed Shape of Fuselage in load Case 1

default_Deformation :
Max 7 95+000 @Nd 44240

MSC.Patran 2008 26-0ct-06 21:40:48 2 B53+002]
Fringe: Default A3:Static Subcase. Stress Tensor. . X Component.

2.36+002
2.19+00211
2.02+002_|
1.86+002]

1 68+002.,

1.61+002/80

/ 1.34+002]

1.17+002]

9.95+001
8.27+001
6.67+001
4.86+001
3.16+001
1.45+001
-2.60+000)|
St ¥ default_Fringe

Max 2.53+002 @Nd 39366
Min -2.60+000 @Nd 57462

Fig. 41 Stress Contour of Fuselage in Load Case 2



MSC Patran 2005 26-Oct06 21:42:16
Deform: Default, A4:Static Subcase, Displacements, Translational,

default_Deformation :
Max 1.62+007 @Nd 44236

Fig. 42 Deformed Contour of Fuselage in Load Case 2

MSC Patran 2005 25-0ct-06 21:56:15 2 05+002]
Fringe: Default A2:Static Subcase, Stress Tensor. . X Component

9.42+007

8.03+001

6.64+007

5 26+001

3.86+007

2.47+001

1.08+007

-3.04+000l

B default_Fringe
Max 2.06+002 @Nd 39366
Min -3.04+000 @Nd 37566

Fig. 43 Stress Contour of Fuselage in Load Case 3-1



MESC.Patran 2008 26-0ct-06 21:67:21
Deformn: Default A3:Static Subcase. Displacements, Translational.

P

1

default_Deformation
Max 1.78+001 @Nd 36872

Fig. 44 Deformed Shape Contour of Fuselage in Load Case 3-1

MSC.Patran 2005 03-Now-06 15:29:21 2 53+007]
Ftinge: Default A2 Static Subcase. Stress Tensor. . X Component,

2.45+002]

2.27+0020

2.09+002_|

//
/ 1.92+002]

1.74+002]

1.66+00210

1.38+002]
1.20+002)
1.02+002]
8.36+001
6.66+001
477001
2.97+001
1.17+001

\ ~6.28+000]
e i default_Fringe

Max 2 63+002 @Nd 30239
Min-6.28+000 @Nd 43322

Fig. 45 Stress Contour of Fuselage in Load Case 3-2



MSC Patran 2005 03-Novw-06 15:47:36

Defarm: Default AJStatic Subcase, Displacements, Translational,

default_Deformation
Max 2.90+001 @Nd 29776

Fig. 46 Deformed Shape Contour of Fuselage in Load Case 3-2

MSC Patran 2005 04-Mow-06 01:34:50 1.94+002]
Fringe: Default AZ:Static Subcase, Stress Tensor. . X Component.

1.81+002]

1.67+002f

1.64+002]

1.41+002]

1.28+002]

1.15+0024

1.02+002]

8.88+001

7E57+001

6.26+001

4.95+001

3.64+001

2.33+001

1.02+001

-2.91+000]
default_Fringe

Max 1.94+002 @Nd 39366
Min -2.91+000 @Nd 37556

Fig. 47 Stress Contour of Fuselage in Load Case 3-3



MSC Patran 2005 04-MNow-06 01:36:01

Deform: Default, AZ:Static Subcase, Displacements, Translational,

- -

default_Deformation
Max 2.00+001 @Nd 36685

Fig. 48 Deformed Shape Contour of Fuselage in Load Case 3-3

Table 23 Structural Analysis Results

Case of anaysis ] Unsymmetric
Symmetric Load load Splash Down Splash Down Splash Down
Analysis result (Load Case 1) (Load Case 2) (Load Case 3-1)|(Load Case 3-2)|(Load Case 3-3)
Max. stress Ten. 260 253 205 263 194
[Mpa] Com. 295 287 244 240 248
Max. disp. [mm] 7.95 16.2 17.8 29 20
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Table 24 Buckling Analysis Results

io]

o

Of

=9 4% 193019 S
S A=A Fx22 F=Zol el i

of analysis . Unsymmetric
Symmetric Load load Splash Down Splash Down Splash Down
0

. (Load Case 1) (Load Case 3-1)|(Load Case 3-2)|(Load Case 3-3)
Anaysis resu (Load Case 2)
Buckling Load

1.88 193 4.14 125 4.19
Factor

MEC Patran 2005 25-0ct-06 21:31:38
Detorm: SC2:DEFAULT. A2:Mode 1: Factar = -1 8883, Eigenvectors. Translational

Z

g
A
\e

default_Deformation
Max 1.00+000 @Nd 32021

Fig. 49 First Buckling Mode Shape and Load Factor in Load Case 1



MSC Patran 2005 26-0ct-06 22:02:36
Deform: SC2:DEFAULT. A3:Mode 1 Factor =-1.939, Eigenvectors. Translational.

default_Deformation
Max 1.00+000 @Nd 32021

Fig. 50 First Buckling Mode Shape and Load Factor in Load Case 2

MSC.Patran 2005 26-0ct-06 21:69:36
Deform: SC2.DEFAULT. A4:Mode 1 : Factor = -4.1482. Eigenvectors. Translational,

default_Deformation
Max 3.62-007 @Nd 36872

Fig. 51 First Buckling Mode Shape and Load Factor in Load Case3-1



MSC.Patran 2005 03-Now-06 15:50:35
Deform: SC2:DEFAULT, AZ:Mode 1 Factor =-1.2502, Eigenvectors, Translational,

default_Deformation
Max 1.00+000 @Nd 66368

Fig. 52 First Buckling Mode Shape and Load Factor in Load Case3-2

MSC Patran 2005 D3-Now-06 22:33:54
Deform: SC2:DEFAULT, Al:Mode 1 : Factor = 41348, Eigenvectors, Translational,

default_Deformation :
Mas 1.01+000 @Nd 361

Fig. 53 First Buckling Mode Shape and Load Factor in Load Case3-3
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Table 25 Failure Criterion Analysis Results
of analysis ) Unsymmetric
Symmetric Load load Splash Down Splash Down Splash Down
o
. (Load Case 1) (Load Case 3-1)|(Load Case 3-2)|(Load Case 3-3)
Analysis resu (Load Case 2)
Failure Criterion 043 0.67 0.35 0.35 0.34




MSC.Patran 2005 25-0ct-06 20:69:39 4 35-001
Fringe: casel_fail. SUBCASE 1. Failure Indices. Ply Indices (TSARWU).

-1.34-001
-1.81-001

-2.29-001

-2.76-001 .

o default_Fringe
Max 4.35-001 @Nd 4800
Min -2.76-001 @Nd 38591

Fig. 564 Safety Factor Distribution by Tsai-Wu Failure Criterion in
Load Case 1

MSC.Patran 2005 25-0ct-06 21:37:09 6.74-001

Fringe: case?_fail. SUBCASE 1, Failure Indices, Ply Indices (TSAMWLU),
6.11-001
B.47-001
4 83-001
4.19-001
3.65-001
2.91-001
2.27-001
1.63-001
9.89-002)

3.60-002]

-2.90-002)

-9.29-002)

-1.67-001

-2.21-001

-2.585-001
28 default_Fringe :

Max 6.74-001 @Nd 4800
Min -2.85-001 @Nd 39591

Fig. 55 Safety Factor Distribution by Tsai-Wu Failure Criterion in
Load Case 2



MSC Patran 2005 25-Oct-06 21:55:06 3659-001
Fringe: case3_fail. SUBCASE 1. Failure Indices. Ply Indices (TSARWL),

2.20-001

2.81-001

2.42-001

2.03-001

1.64-001
1.25-001
8.59-002
4 69-002]
7.78-003]
3.13-002]
7.04-002]
1.09-001
1.49-001
1.88-001
-2.27-001
default_Fringe :

Max 3.69-001 @MNd 4800
Min-2.27-001 @Nd 42647

Fig. 56 Safety Factor Distribution by Tsai-Wu Failure Criterion in
Load Case 3-1

MSC Patran 2005 03-MNow-06 23:20:54 3.35-001
Fringe: case3_2fail, SUBCASE 1, Failure Indices, Fly Indices (TSARWLY,
2.91-001

2.48-001
2.04-001
1.61-001
1.17-001
7.33-002
2.97-002
-1.39-002]
-5.76-002]

-1.01-001

-1.45-001

-1.88-001

-2.32-001

-2.76-001

-3.19-001
28 default_Fringe

Max 3.86-001 @Nd 4800
Min -319-001 @Nd 42733

Fig. 57 Safety Factor Distribution by Tsai-Wu Failure Criterion in
Load Case 3-2



MSC Patran 2005 04-MNow-06 01:38:43 3.42-001
Fringe: cased_3fail SUBCASE 1. Failure Indices. Ply Indices (TSARWL),

-4.39-002)

-8.21-002]

-1.40-001

-1.89-001

-2.37-001

-2.86-001

-3.55-001

-3.81-001
= 4 default_Fringe
Max 3.42-001 @Nd 4800
Min-3.81-0071 @Nd 42667

Fig. 58 Safety Factor Distribution by Tsai-Wu Failure Criterion in
Load Case 3-3
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Table 26 Eigen Value Analysis Results

ase of analysis
) Mode 1 Mode 2 Mode 3
Analysis result

Frequence (Hz) 0.59 0.6 0.61

Hz A

40 1 P.R.O.

30

10

First Mode Frequence [0.59Hz]

\ T T \ Lt
500 1000 1500 2000 2500 RPM

Fig. 59 Campbell diagram



MEC Patran 2005 17-MNow-06 16:02:39
Deform: Default A2:Made 1 Freq. = 053463, Eigenvectars. Translational.

Lx default_Deformation

Max 2.64-001 @Nd 32062
Frame: 1
Scale = 1.00+000

Fig. 60 First Natural Frequency and Shape

MSC Patran 2005 17-Mow-06 16:17:32
Deform: Default A2:Mode 2 : Freq. = 0.60962. Eigenvectors. Translational,

L default_Deforrnation :

Max 2.69-001 @Nd 32062
Frame: 1
Scale =1.00+000

Fig. 61 Second Natural Frequency and Shape



MSC Patran 2005 17-Now-06 16:19:29
Deform: Default A2:Mode 3 Freq. = 061109, Eigenvectors, Translational,

Lx default_Deformation

Max 1.90-001 @Nd 32052
Frame: 1
Scale = 1.00+000

Fig. 62 Third Natural Frequency and Shape
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