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pyLife@PragTic
Agenda

Day 1
1 About us (09-09:45)

About us, BOSCH, BOSCH
Research, open source

2 About pyLife (10-11)

history, idea, content, usage,
contribution

3 Deep dives (11-4:30)

damage calculation, Woehler
evaluation, broadcaster, data
model, FEM

5:00-5:45
Bas Aberkrom: Battelle structural stress
method for fatigue analysis of weldments
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Day 2

Hands on (9-12:15)

pyLife in your framework, write
your own application, develop
your own module

What's next (1:15-2:30)

further developments, our
pipeline, issues, requests,
collaboration

Wrap up (3-4)

BOSCH
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Bosch Research
About us

Daniel Kreuter
Al and Data based Engineering Methods

Senior Research Expert

Background:

M.E. studies and PhD @ University of Technology Dresden (Institute for Solid Mechanics)
R&D @ Tenneco Clean Air, Edenkoben

Research engineer for reliability and durability @ Corporate Research, Bosch, Renningen

danielchristopher.kreuter@de.bosch.com Johan nes |V| Ue”er

Material modeling and Al in manufacturing Research Software Engineer

Background:
PhD in Material Sciences (Saarbriicken, Nancy, Luled, Erlangen)
Research Sofware Engineer @ Corporate Research, Bosch, Renningen

johannes.muellerd@de.bosch.com
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Where we want to go
Our research and development

In 2022

€ O » G

7.2 8.2% 85,500 136

billion euros R&D intensity associates work R&D locations
R&D expenditure in R&D, including worldwide
44,000

software developers
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Bosch Research: Scientific Environment (selection)
R&D collaborations — connected to the best in the world
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Bosch Research

Thanks for your attention. Still curious?
Check us out online and visit our website
and LinkedIn account.
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Who we are
Our guiding principle: Invented for life

“Improvements in the world
of technology and business
should always also be
beneficial for mankind.”
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About pyLife
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pyLife — a general library for fatigue and reliability
The world before pyLife (at least @Bosch)
o

s

HmABAQUS  Jupyter

nCode DesignlLife

NANSYS

4

ReliaSoft ==
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pyLife — a general library for fatigue and reliability
The world with pyLife

s
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pyLife — a general library for fatigue and reliability
Side note




pyLife — a general library for fatigue and reliability
Why OSS

O PyTorch ¢l pandas

NumPy

“‘ ¢

TensorFlow

https://github.com/pytorch/pytorch/blob/master/docs/source/_static/img/pytorch-logo-dark.png
https://github.com/valohai/ml-logos/blob/master/tensorflow-text.svg
https://github.com/pandas-dev/pandas/blob/master/web/pandas/static/img/pandas.svg
https://en.wikipedia.org/wiki/MATLAB#/media/File:Matlab_Logo.png
https://de.wikipedia.org/wiki/NumPy#/media/Datei:NumPy_logo_2020.svg

1 5 CR/AMP | 2023-12-14 BOSCH



https://github.com/pytorch/pytorch/blob/master/docs/source/_static/img/pytorch-logo-dark.png
https://github.com/valohai/ml-logos/blob/master/tensorflow-text.svg
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pyLife — a general library for fatigue and reliability
Two ways of programming

Explorative programming Software craftsmanship
= |Learn something = Deliver something to users
= Try something out = User oriented
= See if your idea is feasible = Reader oriented
= No requirements analysis % = Clear picture of the requirements
= No unit tests = Comprehensive unit tests
= No documentation = Documentation
e for [ |
ot Jccumulat o Cl/CD
Must 0 one week:
more than

CR/AMP | 2023-12-14

BOSCH



pyLife — a general library for fatigue and reliability

pyLife

O boschresearch/pylife: a general

C @

€) testsuite . Warkflow runs - basc % +

O B https://github.com/boschresearch/pylife B ¢

Zoms Homepage - inside. P.. [ JBosch [ Kenferenzen Re: BCAI Expert Progra... [ FED E Train the Trainer from ... [Dpylife [JTP [OTsIPRAS [Jsw (O cpaaz [JGRL
@ pag P g Py

‘= READMEmd 4

pylLife 4 a general library for fatigue and reliability »
# launch 'binder | docs |passing testsui‘fe

pylife is an Open Source Python library for state of the art algorithms used in lifetime assessment of mechanical
components subject to fatigue load.

Purpose of the project »

% Fork 22 - Starred 100 -

About @
a general library for fatigue and reliability

& pylifereadthedocs.io

This library was originally compiled at Bosch Research te collect algerithms needed by different in house software

projects, that deal with lifetime prediction and material fatigue on a component level. In order to further extent and
scrutinize it we decided to release it as Open Source. Read this article about pylife's origin.

So we are welcoming collaboration not only from science and education but also from other commercial companies
dealing with the topic. We commend this library to university teachers to use it for education purposes.

The company Viktor has set up a web application for Wohler test analysis based on pyLife code.

Status »

pylife-2.0.3 has been released. That means that for the time being we hope that we will not introduce breaking
changes. That does not mean that the release is stable finished and perfect. We will do small improvements,
especially with respect to documentation in the upceming months and release them as 2.0.x releases. Once we have
noticeable feature additions we will come up with a 2.x.0 release. No ETA about that.

Contents »

education engineering material
reliability mechanical-engineering lifetime
material-science fatigue

0 Readme

&8  Apache-2.0 license

S Activity

% 100 stars

@ 14 watching

% 22 forks

Report repository

Releases 35

o 2.04 'CLatest)l
3 weeks ago

+ 35 releases
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pyLife — a general library for fatigue and reliability

Content

wn

-100 70
¢ oo -100 TO
From
— spiky.

Damage
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General

+ pylife core I:EI pCIﬂdCIS

Stress

« The pylife stress subpackage
« The equistress module

o Equivalent Stresses
+ The rainflow module

o QOverview over pyLife's rainflow counting module

o APl Documentation
« The LoadCollective class
« The LoadHistogram class
« The stresssignal module
« The timesignal module

« The frequencysignal module

Strength

« The Fatigue class
» The meanstress module
« Meanstress routines
« The FailureProbability class

+ The miner module

o Implementation of the miner rule for fatigue analysis

Materiallaws

« The hnaokesiaw module
« The Ramberglsgood class

« The wWoehlercurve class

:

« The true_stress_strain module

Materialdata

+ The weenler module
o Module description
o Fatigue data handling
o Analyzers
o Helpers

Mesh utilities

« The mesh module

o Overview

o The signal classes
« The Hotspot class
« The aradient class

« The Meshmapper class

LIFE

Interfaces:

2
2S5 SiIMmuULIA

ABAQUS
\nsys

New:

FKM
linear/nonlinear

BOSCH




A

pyLife — a general library for fatigue and reliability bye
Development

The pyLife deal @pytest.mark.parametrize('method’, ['sum’, 'max'])

def test_combine_non_empty_with_empty({empty_histogram, some_histogram_1d, method):
. \' hi.combine_histogram([some_histogram_1id, empty_histogram], method=method)
(\ g.assert_series_equal(result, some_histogram_1d)

.
\0\?“\

66 ¥ Dpytest.mark.parametrize('method', ['sum', 'min', 'max',6 'mean'])

= What we want from you
— Your ideas, your feedback

def test ramhine amntw with non amntwfemnty hictanram  annthar hisfonram 94 mathady -
€ Testsuite

.qe®
\6‘\“ @ Fkm nonlinear #337

s (@ Summary

— Code contributions

build (ubuntu-20.04, 3.9)

= What we will do with it

— Integrate it into pyLife to make it better for E—
eve ryone [] build (ubuntu-20.04, 3.10)

[ P buntu-20.04, 3.11)

Jobs

@ build (ubuntu-20.04, 3.8)

dows-latest, 3.8)

a‘.'\o(\' otild (windows-latest, 3.9)

*" @ build (windows-latest, 3.10)

\
.\(\\ei%/ @ build (windows-latest, 3.11)

S
P’ 0\) Run details
(\ & Usage

- COde reVieW J G & Workflow file

= What we give you in return
— Help in writing good code

— Maintenance

CR/AMP | 2023-12-14




yLife — a general library for fatigue and reliability
Examples

~ Jupyter weTER BQ g

. Maximum Likelihood Full i

W
]
&

Tbulemer [r— 04@ o
The Maximum Likelihood Full method just takes the elementary result as starting values but fits all ¢ e
the parameters. Data Upload and Waler Selection

pylife — a general library for fatigue and reliabi : ‘ waason
. Goens Bt loran for stnte ot £ e vees , - . [14]: maxlike full_result = woehler.MaxLikeFull(fatigue_data).analyze()
pyLife s an Open Source Python ibrary for stste of the art sigorthms used in Fstime componants subject to fatgus s e - —
For further information on pylife checkout the documents and the GitHub repository. .
” e en e - = e ety [141: k1 5.6261642+00 e
Disclamer: The demas here are - well - demos. i &. they are nat meant o be used for real D LS 20071 Ceon © *
sD 2.952548e+02
™ 58620072400 o o
Tutorial notebooks TS . 1.106811e+00 w o\
failure_probability 5.0000882 - 01 — \
These notebooks deserioe some concepts of pyLre o dtype: Floatss @
Wohler curve [15]: we = maxlike full_result.woehler . 3 \ I
W . S o \
The dziz siucture 19 mode| Wohler curves for eg. damage cycles = np.logspace(np.1ogl@(df.cycles.min()), np.logl@(df.cycles.max()), 168) 3
ler curve maxlike_full_fig = copy.deepcopy(fig) A
maxlike_full_fig.add_scatter(x=cycles, y=wc.basquin_load(cycles), mode='lines’, name='MaxLike!
Stress strength maxlike_full_fig.add_scatter(x=cycles, y=wc.basquin_load(cycles, failure_probability=e.1), mo i
maxlike_full_fig.add_scatter(x=cycles, c.basquin_load(cycles, failure_probability=8.3), mo
The concept of stress and strength t iculate damage sums and failure probabilities
Strass srength maxlike_full_fig :
< ) \ Y
Load Collective b .
How to medelloed colectives n pylre
Demos
440 + fractures
This page festures 5 coupls of demas on pyL
is page features = couple of demos on pylie " —_
Waohler analysis fatigue limit
400 —— MaxLikeFull 50%
Usuzl SN-curve d: lyzed 1o get the SN-curve p: eters: MaxLikeFull 10%
380 ——— MaxLikeFull 90%
Hotspot detection L 30
I nected FEM mesh, hotspots o Jue e damage sum, or von Mises stres s
g
Hotspot detection 340
Gradients in a mesh 220
nected mesh. gradients of 5
..
200
Lifetime calculation . .
280
The damage sum and failure probability can be ted using a nomin iabilty approach. The two notebeoks depend on each other. The Time
. 2 s ™M 2 s 10M
Series Handling notebook nesds 1o be sxecuted frst
« Tirme Seris Handing Cycles

o Lifatime

Local stress approach

I swess approsch
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pyLife — a general library for fatigue and reliability

Development
https://github.com/boschresearch/pylife

CR/AMP | 2023-12-14

& boschresearch/ pylife  Pubic

<> Code |(®) Issues 5 11 Pull requests 1 L) Discussions| () Actions [ Projects

# develop ~ P’ 3branches »39tags Go to file

‘a johannes-mueller Switch from panel to trame (#30) - ~ adfeld8 3 weeks ago
I .githooks Use core.hooksPath to deploy prepare-commit-msg

I .github Update CI actions and don't act twice on pushes to PRs

I batch_scripts Make pymc based tests work in CIs

I binder Switch from panel to trame (#30)

m demos switch from panel to trame (#30)

I docs Fix reference in cookbook

I sro/pylife Fix indexing bugs in gradient.py and hotspot.py (#24)

Ip tests Introduce two notched beam for hotspot detection demo (#...
Im tools Make odbclient pandas-2.x compliant

L\ Notifications ¥ Fork 22 ¢ Star 100

) 1,111 commits

2 years ago
last month

10 months ago
3 weeks ago

3 weeks ago
last month

last month

last month

last month

® sSecurity |~ Insights

About

a general library for fatigue and
reliability

& pylife.readthedocs.io

education  engineering  material
reliability  mechanical-engineering

lifetime  material-science  fatigue

Readme
Apache-2.0 license
Activity

100 stars

14 watching

< O+ 3B

22 forks

Report repository

LIFE

BOSCH



https://github.com/boschresearch/pylife

pyLkife — a general library for fatigue and reliability bye
Links

Code Repository Documentation Blog article




Deep dives
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pyLife — Workshop
Example 1: damage calculation

= Jupyter notebook vs streamlit app

strength | = Methods:
(SN)

— Miner original
— Miner elementary
— Miner Haibach

collective Woehler curve

damage

calculation

method
v

GETNETS

sum

24 CR/AMP | 2023-12-14 BOSCH




pyLife — Workshop
Example 2: SN data derivation

= Jupyter notebook vs streamlit app

\
o | = Methods:
1T © 00 000NN 00 0 © o Fracture Brobit
O Run out
DF, + . . . . pe
? 0 00 000mEIDC000 0 © — Maximum Likelihood infinite
) . a1
% DF, 4 o 00 00 v0 6 o — Maximum Likelihood full
g — Maximum Likelihood full with fixed parameters
£ DRy © 00 00 eWAWEO0O , ©
g i
- |
DFs 1 © 00 000w
DFe 1 q
: Fatigue life -
Number of Cycles (log)
CR/AMP | 2023-12-14 BOSCH



Hands on
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pyLife — Workshop
Inquiry of participants experience
Who of you ...

= ... can program Python
knows about numpy, pandas, scipy, ...
knows what a Jupyter notebook is

knows about python packaging (setuptools, poetry, pdm, pip, pypi, ...)
knows about OOP

@)
O
o knows about anaconda/miniconda venvs, ...
@)
@)
o knows what unit tests are (is doing TDD)

= ... has general experience in Software Craftsmanship

knows git and has an installation of it available

knows what commits, branches, pull-requests, merges, rebases are
uses these as daily routine

is familiar with GitHub

o knows what CI/CD means

CR/AMP | 2023-12-14
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Next steps
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pyLife — Workshop
Outlook — next steps

Short term

= Finalize FKM non-linear
o Stabilize API
o Optimizations

CR/AMP | 2023-12-14

Mid term

= Further FKM additions

= Cythonizing rainflow
counters

Your ideas?

Long term

» |ntegrate dask for
parallelization

= |ntroduce type hints at
strategic places

BOSCH
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