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FEA model — Elasto-plastic (bilinear) behavior
to evaluate peak stress



Geometry & Mesh of the complete tetrahedral model




Load and constraints of the complete tetrahedral model
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LC 5,6 31+ 51+ [6]
Comp | Description Nominal Mass with | Contingency | COG
ol kgl contingency (%] (location)
] APA frame structure only 3155 n 2
2] UpperLower APA with 4649 4811 35
four wire layers (highest)
31 Upper/Lower Factory 4923 510 3.6
APA
[4] Inteprated APA assembly 631 654.5 37
5] APA protection 74 81.4 10
[6] Winder support bars 66 67.3 F
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V-Mises Stress plot of the complete tetrahedral model (LC 5)

ANSYS

2020 R1

Elasto-Plastic Analysis
* Bilinear Isotropic Hardening
* Yield Strength — 189 MPa
* Youngs Modulus — 200 GPa
* Tangent Modulus —2.835 MPa



V Mises Stress Plot in area of interest (LC 5)
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48.019
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- Max Stress around 215 MPa
- Element edge length around 5mm



Total Strain of the Sub-model

1.0427¢-003 2
0.47e-004 5
1.36542-003 2

1 00006145

|| 0.00047362
0.00031579

I 0.00015797
1.3865e-7 Min

- Total max strain 1.42e-3



(Proposed) analytical method
to evaluate peak stress



Extract reaction forces and moments

LCLans Ul avIUInSHL neauun
-| Definition
Type Moment Reaction
Details of "Force Reaction' *3lOx = .
Location Method | Contact Region
Type Force Reaction A
Location Method | Contact Region Contact Region Contact Region
Contact Region | Contact Region Orientation Global Coordinate System
Orientation Global Coordinate System Summation Centroid
Extraction Contact (Underlying Element) Extraction Contact (Underlying Element)
Suppressed No Suppressed No
Options -| Options

Result Selection | All

Display Time |End Time

Result Selection | All
Display Time |End Time

=/ Results
X Axis 16453 N =I| Results
Y Axis 1397.8N X Axis 581.7 N-mm
Z Axis 21.37SN Y Axis -9657.3 N'mm
Total 16552 N Z Axis 8.8083e+005 N-mm

Total 8.8088e+005 N-mm

Contact region
(used to extract reaction
forces and moments)

300,00 (mm)
| I

225.00



Extract reaction forces and moments

Section located on the
foot beam nearby the
contact region

Assumption — forces and moments will not
have a significant variation between the
contact region and the marked section

Fx [kN] 16.5
Fy [kN] 1.4
Fz [kN] 0

Mx [Nxm] 0.6
My [Nxm] -9.7
Mz [Nxm] 880
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Head tube — geometrical properties

A =1.77in"2 or 1142 sq-mm
Ixorlz=4.4in"4 or 1.83*10"6 mm~4
ly = Ix+lz = 3.66x10"6 mm~*4

H=4in or 101.6mm
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Head tube — geometrical properties
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V-Mises eqv. stress = 35.7MPa,
factor 5.3 smaller than the
allowable stress (190 Mpa). —
stresses in the head tube are fine.
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Buckling Analysis
(Expanded the buckling slide from 2" June 2021)
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Head tube — geometrical properties

Radius of gyration of a 4"x4" long tube in the
unbraced direction

Slenderness ratio shows that the Euler formula for
critical buckling load is accurate

Factor of 1.5 applied for additional tension from
cooling wires

Shows a safety factor of 10 against buckling, even
if the load was applied in a configuration that
allowed for buckling

313200[N]

1, = 1.58 [in] = .0401 [m](per AISC Manual of Structural Steel Construction)
6.0[m]
Lbemn = 6.0 [m] :. 0401[111]
I =177 [in?] * (1.58 [in])? = 4.42 [in*] = 1.84e~°|m*|
I for all beams = 3 x I = 5.52¢~°[m?*]

pi2 % E * 1

5.52e¢~%|m?]
= =3.14% % 207e1 R
P, E 142 x 207e'! [Pa] * G.0ImD:?

= 150 slenderness ratio, which is a slender column

= 313200 [N]
. . . N
Wire load is 6.5 N per wire, or 9100;
N
9100 [E] % 2.3[m] * 1.5 = 31395 [N]

31395N] — DB Safety margin against buckling

This buckling consideration has been used for several previous

reviews and has approved.
EDMS #2142671 & 2100877
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Buckling Analysis — Analytical method based on AISC
G.Gallo
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Buckling Analysis — AISC source
Geometrical properties of the box beam 4in x 4in x 1/8in
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Buckling Analysis — AISC source
Definition of nonslender/slender element
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Buckling Analysis — AISC source
Nominal compressive strength




FEA linear buckling analysis
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FEA model — Linear buckling analysis

@ sewn

@ Soluton
@ Resiits
LC5 Buckling

Eigenvalue buckling — Linear
Large displacement ON

ANSYS

2020 R1

Load Multiplier 9.4 E x
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