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BEAM PROPERTY IDENTIFICATION NUMBERS:

1 - SMALL BEAM, LONGTTUDTNAL
. - SMALL BEAM, CENTER LATERAL
A3 E2 3 - LARGE BEAM 3 CELL, FORE/AFT LATERAL
10 - RIGID BEAMS (FITTING INTERFRCES)




Case Pattern 1 [Pattern 2 Pattern 3 Pattern 4
Normal Normal Abnormal Abnormal
Loading Locations Gears*1 SCM*2 Gears*1 SCM*2
A1/A2/A3/A4:Secondar |X [+9/-9/-9/+9 [+9/-9/-9/+9 +15/-15/-15/+15 [+9/-9/-9/+9
yAir Suspension,GuidelY [+27+420/R/R|+17/+8/+8/+17 [+50/+41/R/R  [+25/+16/+16/+25
Gear,Damper, Stopper |Z |-51 -51 -57 -51
B1/B2: SCM Support|X 0 0
Link Y +12/R +68/0
Z 0 -8/0
C: Landing Gear X0 0
Y [0 0
Z R R
D: Anckor to Car Body X |R R R R
Y [0 0 0 0
Z |-4 -4 -11 -4
E1/E2: Primary UpperX |0 0 0 0
Air Suspension Y (0 0 0 0/R
Z |+5 R +5 +72/+10
F1/F2: Primary LowerX |0 0 0 0
Air Suspension Y [0 0 0 0
Z |-19 19 +19 -19/-73
G: Anckors to SCM X |+24 +24 +66 +24
Y |0 0 0 0
Z |0 0 0 0
H: Emergency Loading|X 0
Gear Load Y 0
Z R

*1: Running by landingh gears, *2: Running by superconductivity magnets(SCM)
R=Reaction Force, Unit of Maximum Load=kN




Tube Laminate Selection

A

Beam Theory Frame Analysis

—{ Analysis of Internal Loads at Nodes

Strain Stress Criteria

h J

Y

Buckling Load Analysis

— Beam Deflection Analysis

A 4

Bolted Joint Analysis & Aluminum Fitting

Durability Assessment




FRP

Laminate: (0°/£45°/90°) : (50%/33%/17% )

Fiber Areal _ Target
Ply Orientation Weight Thickness Fiber
g/m? mm Volume

Polyester Veil - 25 038 515
Eglass Mat Random 153 114 515
Carbon +45°/-45°/0° 180/180/383 765 54
Carbon 00°/+45°/-45°/0° | 183/180/180/383 953 54
Carbon 90°/0° 183/288 485 54
Carbon 0°/90° 288/183 485 54
Carbon 0°/+45°/-45°/90° | 383/180/180/183 953 54
Carbon 0°/+45°/-45° 383/180/180 765 54
Eglass Mat Random 153 114 515
Polyester Veil - 25 038 S15

Carbon 4280 -
Total 4.710

Glass 306




FRP

MATERIAL _I LIMIT* ULTIMATE* %
DIRECTION STRAIN STRESS (MPa) STRAIN STRESS (MPa)
El .0035/-.0027 -/ - .0100/-.0077 -/ -
E2 .0035/-.0027 . -— ] - .0100/-.0077 - -
E3 -] - 12.4/-41.4 - = 38.6/-124.1

Gl2 . 0054 - .0154 -
G23 - 12.4 - 38.6
G13 - 12.4 - 38.6
vli2 - - - _
va3 - - —_ —_
v13 —— — - -

al
a2
a3
BEARING - 144.0 - 414.0
* - Repeated Loadihq (Wet) Material Type = Carbon/Glass 9310/9360
** - Static Loading (Wet) Density = 1.50 g/cc
1 - 1In plane direction Fiber Volume = 54%
2 - 1In plane direction Process Pultrusion
3 - oOut of plane direction Environmental Condition = Wet
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ALUMINUM CORNER
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Notation Large 3-Cell  |Small Beam
Beam Lateral
a 195.3 195.3
Saze b 120.4 115.3
(mm) |[c 4.7 4.7
Fx:Limit 29.6 12.0
Fx:Ultimate 119.3 425
Forer  {Fy:Lamit 255 0.4
(&N Fyv:Ullimate 68.5 0.4
Fz:Limit 8.4 0.06
FzUltimate 27.0 4.0
Mx: Limit 0.6 0.03
Mx:Ultimate 0.8 0.04
Moment|My: Limit 377 0.2
(mkN) [My.Ultimate 105.2 4.9
Mez: Limit, 20.6 1.6
Mz Ultimate 3.3
_..r
_*_
_|_
_.L




u Load Case, Pattern3 1
"f | | &
x Maximum Deflection, 10.1mm



Large [Small

Beam |Beam
Static  |Limat +3.5 | +2.4
Strength {Ultimate +3.3 | +2.8
Crippling|Ultimate * +0.39| +0.10
Buckling |Approxiamte | +0.18 [-0.05 to +0.11

FEM +1.27] 0.71

Bearing (Limait +0.42 |Larger than
Strength |Ultimate +0.41 |Large Beam

Unit: Margin of Safety Factor
*: One Edge Free Condition
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STRESS - Mpa

Minimum Stress

R = \aximum Stress
1) (00(33)7(61)>
300 S S
250 :
200
150
100
50
0
-50
Se
6061-T6 Aluminum
-100 = Fyy = 262 Mpa
Fty =220 Mpa
450 L- Se = 52 Mpa
T =93°C
N =10° Cycles

/50 100 150 200 250 300

MEAN STRESS - MPa

Note: Se Includes the
Following Reduction
Factors:

Kb (Size) = .85

Kc (Reliability) = .777

(for Retiability = 99.98% &
Std. Deviation = 6%)




Fitting Wall Max Stress Stress Margin of
Type Thickness / Stress Cone. Ratio Safety
Hole Omax Factor X, R
Diameter MPa = Gyind Crnax
mm
Weld on Basic Comner 635/ -- 67.7 14 56 +1.05
Wall Center 476/ -- 14.8 1.4 56 +8.39
Bypass Load on | Corner | 6.35/ <J9.53 79.1 2.5 33 +40
Open Holes Center | 476/ 953 17.3 2.5 33 +5.42
Bearing Load
Resulting in Corner | 6.35/9.53 71.6 1.2 61 +.89
Peak Net Tensile
Stress at Open Center | 4767 €953 18.1 1.2 61 +7.12
Hole
Combined 1/2 Comer | 6.35/ £9.53 - -~ - +.12
Bypass and Full
Bearing Load on | Center | 476/ (29.53 - - - +4.00
Hole '
Upper Air
Spring Hook Comer - 97.9 1.0 67 +.60

Radius
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Load Condition =Test Condition”A” per Table 8
(47 kN per Fitting X 4 Fittings)

Item

Location

Measured

Analysis Prediction

Large 3-Cell Beam
Max. Strain

End of Beam Near
Fitting

Top Strain=-415 i s
Bottom Strain=+335 i s

Top Stramn=-3756 it s
Bottom Strain=+375 1 s

Large 3-Cell Beam
Max. Deflection

Middle of Beam

Relative Z Direction
Deflection =-1.61 mm

Relative Z Direction
Deflection=-1.41 mm

Aluminum Joint

Inner Hook Radius

Strain=+1247 1t s

Strain=-773 i s




Condition Loading Remarks
Values (kN)

A: Design Life for 10 years[39.2+7.8 (R=.67) |Normal Fatigue Life >108 Cysles

B: Fatigue Test, Step 1 39.2+11.8 (R=.54)|Accelerated; 1.5 x Variable Load of A

C: Fatigue Test, Step 2 |58.8+£15.7 (R=.54) |Accelerated; 1.5x B
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