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User: What is that part of the speaker called?

HH : Google I/0 ‘24 Google Keynote https://www.youtube.com/live/XEzRZ35urlk?si=tYKd5jIDyXgp3mzh&t=1582 3
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Q Give me one open-source FEM library.

Sure, one open-source FEM (Finite Element Method) library is "FEniCS".

Q Can you please use Python code to implement FEM linear elasticity to determine if the chair will break? i.e., if the stress will
violate the yield constraint? Assume the bottom is fixed and a constant downward load is applied at the top. You can use FEniCS.
The problem is in 3D. You can assume a simple mesh.

from fenics import «
from ufl import nabla_div
V = VectorFunctionSpace(mesh, 'P', 1)

rc
Fc
rl

# Define boundary condition
(... omitted by authors: boundary details ...)
bc = DirichletBC(V, Constant ((0, 0, 0)), boundary_bottom)

HEAR(NCYD e A A BIBEIRZ DT — S Hi

@ Task: generate python code based on the following rules.
Input: the mesh from the previous code block and all hardware-related parameters that slic3r* accepts.
Output: the g-code generated based on the mesh.
Constraints: use the command-line tool “slic3r’ and use “subprocess’ to call it. assume “slic3r’ can be
directly called by the “slic3r" command. we use python3 here.

# Define strain and stress
def epsilon (u):
return 0.5+(nabla_grad(u) + nabla_grad(u).T)
def sigma(u):
(... omitted by authors: modulus definition ...)
mu = 1 # shear modulus
Imbda =1 # first Lame's parameter
return Imbdasnabla_div(u)+ Identity (3) + 2~mu+epsilon(u)
# Define variational problem
u = TrialFunction (V)
d = TestFunction (V)
f = Constant ((0, 0, -10)) # body force
T = Constant ((0, 0, 0)) # traction
i ; dm;:?;fstig;?:)((u} dzf(sg,()l?j;:i()il'dx IG’:II;i:zztteeri—code from the specified STL file using Slic3r .
stl_file_path : str
The path of the input STL file .
slic3r_settings : dict
A dictionary where the keys are Slic3r setting names and the values are the corresponding settings .
output_file_path : str
The path of the output G-code file .

Here’s a Python function "generate_gcode' which takes a ".stl" file path (output from the previous function) and a dictionary of
Slic3r settings as input, and uses the “subprocess’ module to run Slic3r from the command line and generate G-code:
import subprocess
def generate_gcode( stl_file_path , slic3r_settings , output_file_path ):

# Compute solution

u = Function(V)

solve(a ==L, u, bc)

# Compute Von Mises Stress

s = sigma(u) - (1./3) ~tr(sigma(u))+ Identity (3) # 3 for 3D
von_Mises = abs(sqrt(3./2*inner(s, s)))

(... omitted by authors: von_Mises details, setting the yield stress ...)
# Prepare Slic3r command

slic3r_cmd = [" slic3r *, stl_file_path , "—-output’, output_file_path ]
# Add Slic3r settings to command

for setting, value in slic3r_settings .items () :

# Check if the yield stress is violated
yield_violation = Von_Mises.vector() . get_local () > yield_stress
if any( yield_violation ):

print ("Yield constraint is violated.") slic3r_cmd.append("--" + setting)
else : slic3r_cmd .append(str (value))
print ("Yield constraint is not violated.") # Run Slic3r
(... omitted by authors: saving results to file ...) subprocess. run(slic3r_cmd, check=True)

AIMURSEFZFETIL (LLM) HEEET - £ECESXDIFE(C DV GAE UZMITOMSR

NS ERET/\ S A =S Z LRk /ssTRDEEERT (FEMZE) /E£EFIEZ/ERZE
LLMOWEL VVERET - EhEEFR (WL CE B ajgEEZ RIZ,

ZZHER : Makatura, L., Foshey, M., Wang, B., HahnLein, F., Ma, P., Deng, B., Tjandrasuwita, M., Spielberg, A., Owens, C. E., Chen, P. Y., Zhao, A., Zhu, A., Norton, W. J., Gu, E., Jacob, J., Li, Y., Schulz, A., & Matusik, W.
(2023). How Can Large Language Models Help Humans in Design and Manufacturing? (arXiv:2307.14377). arXiv. http://arxiv.org/abs/2307.14377 5
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Image-based Hull Form Representation(Ichinose, 2021)

@ ship flow simulation by Tensc X +

¢« > C Q M & O

25 nmri.ntnu.co/spp/spp.html

Ship Type: Sectional area curve in aft part (Full - Fine) : —§

ﬁ Ship Design with JS

[CASE 2) practical tanker v|

3D View with Three.js

Analytical View with Plotly.js

DOCUMENT

Commentary
Reference

Author

v

Breadth (58.0m - 40.6m) : @ 4

SIRL—TFTA4T - TYA (B

Wake Design System (Ichinose, 2018)

L OX2R)
2.2%E5 11K

| Wake Design System |

| INPUT Wake Analysis NMRI Hull-Flow Field ) Energy savings [%]
Database 3.0% m
@ E— 1% /
' - > 3.0% 2/
: || . - g rorsororfl reafon
1.0%
OUTPUT Comelation 0929176 Brrelation:0. 023517 " 0.0%
I Hull Form Blending ] &‘ - Duct for Duct for
& < J 1.0% Original -0.4% recommended
ﬂ H-lll without Duct 6deg. without Duct 6deg. Duct 8deg.
L MSNo0.869
Hull Form
]
Built up Hull Form | cometation 0026038

| System recommended hull form

| Original hull form |

0 4 @ B 0 A ¥ 3 AW T QA

Fvwv bRy b (GPT3.5) &4pH

©®0®  ( snpmotionsimuationinwav x |+

6% 0@

Tystiv Design ith Js
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Simulation results of ship motions
Simulation Condition

Ship

Flow conditions

sssss

Wave length :

The view from front side

/A

] -

p— —\\

AR DR#R I T dp DYPE

CJ

JU/= =1L —>3>%ZAlllG

ZZXHR : Ichinose, Y., 2022. Method involving shape-morphing of multiple hull forms aimed at organizing and visualizing the propulsive performance of optimal ship designs. Ocean Engineering 263, 112355.
Y. Ichinose, Y. Tahara : A wake field design system utilizing a database analysis to enhance the performance of energy saving devices and propeller, JMST, 2018.
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@ Ship motion simulation in wav

C ©® 127.0.0.1:5500/index.html
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Simulation Condition

Ship
* Ship type : Wigley (mathmatical defined hull)
* Ship length: 2

* Ship breadth: 0.3
» Ship draft: 0.125

Flow conditions

Parameters

Ship speed (Froude number) ; co—
Wave hight ; el
Wave length : =@
Wave direction ( 0 degree : direction from stern to stem) : =@
* Froude number: 0.2
» Wave type : Unidirectional sine waves
* Wave height : 0.13
« Wave length per ship length: 1
» Wave direction: 30

The view from front side

0.2

0.1

API: Application Programming Interface (75705 ARTZE A2 F—-T1T—X)

[

h * O &

Al Chatbot

| am an Al ship design assistant with a fine-tuned
model of the ChatGPT 3.5-turbo.

How can | help you?

Tell me about the results

The calculation results provide information about
the ship's motion in waves. The amplitudes of
motion indicate the maximum displacement of the
ship in meters in each direction (surge, sway, heave,
roll, pitch, and yaw). The phases of motion indicate
the angle at which the ship will oscillate in each
direction (surge, sway, heave, roll, pitch, and yaw)
relative to the direction of the wave.

For example, the surge amplitude of 0.5997 meters
indicates that the ship will move back and forth by
up to 0.5997 meters in the direction of the wave.
The roll amplitude of 0.6176 meters indicates that
the ship will oscillate side-to-side by up to 0.6176
meters. The phase of motion for heave is 180
degrees, indicating that the ship will move up and
down in the opposite direction to the wave.

Understanding these results can help the user to
optimize the ship design for better performance in
waves or to predict how the ship will respond in
different wave conditions.

L3

—

S >

MPAT
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