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- "The design problem is configurational, inherently non-linear”

Reliability
”. based design
grobablhstlc optimization
Optimizations, cslgh - RBDO
Loads Robustness
Explore the
Geometry .
Chase the red design space
Surfaces spot
Heat treatments  Fatigue, criteria Methods —how?  Physical models, Model variation & Surrogates &
variations distributions, RSM  comp.short-cuts
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Background KTH ROYAL INSTITUTE
OF TECHNOLOGY
1996
Specialisation 1n Solid Mechanics, theoretical
2006

Solid Mechanics Testing (in Swedish)
Solid Mechanics Design (in Swedish)
2011

Fatigue, Reliability and Design
2019 |
Reliability, Optimization and Design A capstone
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Course lay-up, pedagogic idea

Experiential

Miss, miss, hit and home-run.

Computational mechanics in a product development context.

Discussions and cooperation
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e’ o Aha, to understand and get it
Experiential

No exam, not any tutorials

Miss, miss, hit and home-run. Design Excercises, partly individual.
Presented /defended on ZOOM
Project 1-3 students, presented with
poster, orally and in a report.

The course may ’be” ditferent
for each participant. It's OK.

At the end of the course we have a ’debrief” — a retlection on our experiences.

Taken from the course program:

___“In this course you should experience how solid mechanics comes to
use in a design situation. The course has a wider scope than most —
courses you have taken. Your impression may therefore be that it is

fragmentary and incoherent. The pieces will come together only if you
— put them together.” B
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Empasize what do we know?
”Computations on demand, in time’

>

Importance of knowing the product.
From production to end-use.

Computational mechanics in a product development context.

Guest lectures, 3-6 per year
COMSOL, Altair, Alten (XDIN), Scania,
Reinertsen, EDRM, Lightness by Design, CAE
Value, Ohlins Racing, ACAD-International
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ModeFrontier

A

Computational utility”

e ¢
|

ommetcidl codesare used + Ansys, Matlab, COMSO

a

-, and Altair.

e on computational techniques.
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LWl \nccdotes in the lectures. Successes and failures.
The Kista mall 2008, Scania TIFF 1995,
Hyatt Regency Hotel 1981,
Atlas Copco’s weak arm for rock drill rig 2000,

Scania crankshaft 2007
Presentations are used for
transfer on knowledge.
Discussions and cooperation From student to student.

Seminars: Students e-mail questions and thoughts in advance.

At the seminar, the discussion is open for all.
f \ |

L | | |

\ |




m KTH ROYAL INSTITUTE

oS = S S
FrTHS Innehall, kursplan OF TECHNOLOGY

VETENSKAP
28 OCH KONST %%

TSI

Overview of the course:
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| . _ » Report||

| Design project ‘ |

| max 3students in a group ? |

|Design |DE 2||DE 3|DE 4|DE 5|DE 6 5 |

|exercise 1 T |
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||Seminar/Quiz 0[|S/Q 1|[S/Q 2||S/Q 3 b 7 S/IQ4| |

| Lectures Guest lectures < - Debrief] ,
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The product design process, role of solid mechanics modelling for design,

' F_ f parameter studies, DFX| the design space, competing failure modes, the three
' | pillars of modern design, your role in the process. Stresses in structures, load
i —— paths, force flow. Load transfer in joints, tapering, shear diffusion, warping,

membrane states. S:t Venant and FE-analyses. Some FEM technology. Use of
= dummy nodes. Loading types, interaction with structure, load
|~ § measurements/estimates. “Knowing” the product and the history. Residual

) stresses from X. Crack growth analysis, fractography and accident investigations.
Root cause analysis. FMEA.

|
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Hardness measurement at flank and curve fit

@ = measured hardness
na = cunae fit
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Instabilities, global and local buckling, post-buckling. LLarge deformation
phenomena. Contact mechanics, contact classifications, slip and

wear, different types of contact fatigue. Overview of non-linear material
behaviour, examples of yield criteria and flow rules, shake-downs. Load

spectrum and cycle counting. Multi-axial fatigue desigh methods. Weakest-
link theory, the volume method VPF. Some multi-axial fatigue design
methods in relation to FEM. Structural optimization. Topology optimization.

Rough searc h Fine searc h

N

Bead opt

parameterized
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LW Stochastic variables, distributions, estimations, ML, confidence. Sampling:

MC, LHS. Regression, Response Surface Method (RSM) and other
surrogates. Sensitivities and DOE - Design of experiments. Effects: Main
and interactions. Probabilistic design and computation of probability. Monte
Carlo Simulation. Robustness and quality design, Taguchi. Reliability. FORM
and SORM. Reliability Based Design Optimization (RBDO), theory and

practical aspects.
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DE1
a) An FE-based modification of a machine part, a parameter study. / /
b) Fatigue analysis of a structure using ANSYS.

Displacement
as function of
stiffener size

A quarter of the geometry
T.oaded in tension and comprTSsaion
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DE2

Analysis of the rail beam of a transport system.

KTH ROYAL INSTITUTE
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Topological optimization with Matlab.

Sigmund’s 99 line code is used for a simply supported beam.

- influence of discretization, filter size and penalization power
- Students implement other boundary conditions
- Implement multiple load cases
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s’ . L
= How you use TopOpt as a start for parametrical optimization.

Ansys DesignXplorer is used for a given design with given DVs.
The students have to set-up the optimization. Minimize compliance.
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DE5

Sensitivity analysis of a load carrying stand.

Given distributions for DVs, perform Six Sigma Analysis.
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Deterministic and reliability-based design optimization with MatLab.

An analytical solution is used to “mimic FEM”.
Still, students determine a surrogate model by experiments.

The probability of failure is estimated using Monte Carlo, FORM and
SORM, respectively.
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TopOpt of Thermo-Mech loaded piston

TopOpt + ParamOpt ot suspension upright

Start point

Fatigue analysis of weld
Simulation of the process

e

\
Heat source \

( Moving path ( )
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8,7805e6 Max

7,8049¢6
6,8293eb
58537eb
48781eb
3,9025e6
2,9268e6
1,9512e6
9,7563e5

22,747 Min

I
A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s
06/12/2021 01:23 AM

94.547 Max
84.044
73.541
63.037
52.534
42.031
31:.527
21.024
10.521
0.017175 Min
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Optimal lamp post for roads

Optimal swing arm for motorcycle
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Optimization of crash-box,
Including triggers.

Mode 9 Mode 21 Mode 28 Mode 36

Deformations of poles and length of wires for precise control of an artist

flying in a stadium (Pink).
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Optimal car wheel rim with 10 spokes

Optimal top eye for

racing shock absorber

Buckling optimization using beads

Xi ¥ O;OU 40(.:',00 (mm]l

100,00 300,00
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In the course evaluations — this answer is given by all.. ..

9. I have gained experience during this course:

@ree T(D 75 50 25 0 disagree

Also these two questions have very positive answers:

8. Has your confidence as an engineer been atfected by this course? How?
29. Has your ability as an engineer been affected by this course? How?

Most important:
Positive feedback Is found in testimonials from
graduated engineers.
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= Back: Athul Vasudev, Mario Sosa, Julien Gavalda, Vincent Heiland, Shwan Chater-Sahab, Max Enicsson, Amir Halilovic, Andreas Wittberg,
Daniel Sandberg (assistant), Gustav Berg Backelind, Lakshmi Ramamoorthy, Kristoffer Karlén (assistant), Ali Dabiri, Hooman Ahmadian Saieni
Middle: Kim Bladh, Ulrnka Lagerblad, Minoo Nakhjiri, Luigi Gigliotti, Mehdi Mehrgou, Xiaobo Zhang, Yonas Tadele, Hamy Vagelopoulos, Geir Alm
Front: Marten Olsson (examiner), Salar Sadek (assistant), Baktash Zargar Samani, Hakan Sahin, Valeriy Shepenkov
Inserted picture: Rami Mansour (assistant)




