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• You will be muted during the workshop

• You can ask questions using the Q&A tool.

• You should hear music if your sound is working
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 We are starting now…
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• Presenter: Angela Criswell | Director of X-ray Imaging

• Co-presenter: Ted Huang | Application Scientist

• Host: Viral Vaghela | Account Manager
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You can ask questions during the presentation.

Please use the Q&A to ask questions.

Zoom Meeting ID: …
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Recording will be available tomorrow.
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Functional failure analysis
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Polling Question #1
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Microsoft Stock
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https://www.noaa.gov/
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pixabay
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Pool Life Support System
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Adobe stock
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pixabay
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▪ What is functional failure

▪ What are the considerations when using 

X-ray CT to study functional failure?

▪ What information can we extract from CT 

data related to function?

▪ Functional failure examples

You will learn

pixabay
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What is functional failure?
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Loss of function
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1 L/min5 L/min
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Loss of function

Diminished function
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It’s a question of scale.

What can we investigate by CT?
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Filter media

Complete filter
Pleated filter

500 nm 10 µm 500 µm1 µm 5 µm 50 µm 100 µm

Micro CT

Industrial CT

XRM Clinical CT
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▪ Sometimes, 3D data inspection is 

enough.

▪ Quantitative analysis may require 

segmentation.

▪ Simulation can be powerful to optimize 

designs and life cycles.

Analyzing CT data
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Sometimes simple inspection is enough
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Sometimes simple inspection is enough
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Sometimes simple inspection is enough
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Sometimes simple inspection is enough
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Sometimes simple inspection is 
NOT enough
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Polling Question #2
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Microsoft Stock
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air

LED
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air

LED
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air

polymer
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AI tools

Machine learning

Deep learning
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Phase Color
Volume 

fraction [%]

Polymer Yellow 18.04

Air Blue 81.96
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▪ Volume fraction analysis

▪ Porosity

▪ Open vs. closed porosity

▪ Cracks and crack propagation

▪ Continuity/Discontinuity

▪ Orientation

Failure analysis accessible by CT

pixabay
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Let’s look at some examples
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MicroChannel Heat Exchanger

Ullah, N., et. al., 2022. Machines 10, 1177. 
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https://doi.org/10.3390/machines10121177
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MicroChannel Heat Exchanger

38



© 2024 RIGAKU CORPORATION. ALL RIGHTS RESERVED

MicroChannel Heat Exchanger (MCHE)
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MicroChannel Heat Exchanger (MCHE)
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MicroChannel Heat Exchanger (MCHE)
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MicroChannel Heat Exchanger (MCHE)
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Li-ion batteries anode
cathode
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Li-ion batteries

https://www.energy.gov/energysaver/articles/how-lithium-ion-batteries-work 
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anodecathode

separator

https://www.energy.gov/energysaver/articles/how-lithium-ion-batteries-work
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Li-ion batteries

45

Chen, T., et.al., 2020. Trans. Tianjin Univ. 26, 208–217.

Chen, T., et.al., 2020. Trans. Tianjin Univ. 26, 208–217. 

https://doi.org/10.1007/s12209-020-00236-w
https://doi.org/10.1007/s12209-020-00236-w
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Li-ion battery from digital camera
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Li-ion battery from digital camera
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Li-ion battery from digital camera
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good bad
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Li-ion battery from digital camera
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Li-ion battery from digital camera
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Deep learning segmentation
3D segmented data

Label Ground Truth and 

train deep learning model

Li-ion battery from digital camera
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Li-ion battery from digital camera
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Otoyama, M., et. Al.., 2021. ACS Appl. Mater. Interfaces 13, 5000–5007. 
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https://doi.org/10.1021/acsami.0c18314
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Otoyama, M., et. Al.., 2021. ACS Appl. Mater. Interfaces 13, 5000–5007. 
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https://doi.org/10.1021/acsami.0c18314
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Otoyama, M., et. Al.., 2021. ACS Appl. Mater. Interfaces 13, 5000–5007. 
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https://doi.org/10.1021/acsami.0c18314


How can simulations help?
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▪ Mechanical simulation

▪ Fixture Simulations

◦ Examine part deformation tolerance in assemblies

▪ Pore analysis network modeling

◦ Open/closed porosity and flow

▪ Battery simulations

◦ Battery aging and optimization

▪ Filtration simulations

◦ Filter media optimization and assembly design

Simulations are powerful for understanding failure
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Filtration simulation

Filter media

Complete filter
Pleated filter
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• Pressure drop

• Dust holding capacity

• Filter efficiency 

• Filter lifetime

Filtration simulation
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Air filtration
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Filtration simulation
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Filtration simulation
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Filtration simulation

Filter lifetime:

Pressure Drop: 3.477 x 104 Pa

Dust holding capacity: 632 g/m2
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Microstructure
Pressure drop 

(104 Pa)

Dust holding 

(g/m2)

1 3.867 129

2 4.247 361

3 3.477 632

64

Filtration simulation
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▪ What is functional failure

▪ What are the considerations when using 

X-ray CT to study functional failure?

▪ What information can we extract from CT 

data related to function?

▪ Functional failure examples

You just learned

pixabay
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Q & A Session
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Register for the webinar

https://rigaku.com/industries/environment-and-energy/batteries/webinars/webinar-series-2023-beneath-the-surface/non-destructive-battery-inspection-xray-ct
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Copyright Notice

© 2023 Rigaku Holdings and its subsidiaries. All Rights Reserved.

The textual, photographic, video, audio, and combined audiovisual materials and documents resulting from the promotional or educational activities of Rigaku 

Holdings and its subsidiaries, including the material contained on the various Corporate Web sites, are protected under U.S., Japanese and international laws 

as copyrighted works. Anyone who displays, reproduces, copies, creates derivative works, or sells our textual, photographic, multimedia, PowerPoint, video or 

audiovisual programs for commercial or non-commercial purposes without our permission violates the copyright laws and is liable for copyright infringement.

Likewise, Rigaku Holdings and its subsidiaries trademarks and service marks are protected by state, federal, and international trademark laws. Any person who 

uses our marks for commercial or non-commercial purposes without our permission on goods or services in such a way that it dilutes the distinctive quality of 

our marks or that creates the likelihood of confusion with our marks is liable for trademark infringement.

Liability for copyright or trademark infringement involves the potential for significant civil damages, including, in particular cases, statutory damages, liability 

for up to three times actual damages, and attorney’s fees.

If you have any questions regarding this notice, please send an e-mail to info@rigaku.com.
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