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X-ray Computed
Tomography for Materials
& Life Sciences series

Presenter: Ted Huang | Co-presenter: Angela Criswell | Host: Viral Vaghela

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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X-ray Computed
Tomography for Materials
& Life Sciences series

Presenter: Ted Huang | Co-presenter: Angela Criswell | Host: Viral Vaghela

We are starting now...
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Presenter: Ted Huang | X-ray Imaging Application Scientist

Co-presenter: Angela Criswell | Director of X-ray Imaging

Host: Viral Vaghela | X-ray Imaging Account Manager
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'o' W Q Zoom Meeting ID: ...

Raise Hand

You can ask questions during the presentation.
Please use the Q&A to ask questions.
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Q)

Recording will be available tomorrow.
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Presenter: Ted Huang | X-ray Im;g Application SC|ent|st

Co-presenter: Angela Criswell | Director of X-ray Imaging
Host: Viral Vaghel“ray Imaging Account Manager
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POWERING NEW PERSPECTIVES
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You will learn

= What is additive manufacturing (AM)

= Why structure analysis is vital to AM

= What is x-ray CT
= How x-ray CT helps you throughout AM

Microsoft stock




additive manufacturing

A model generated using CAD to be
fabricated directly without process planning.

by lan Gibson, David Rosen, Brent Stucker
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https://link.springer.com/book/10.1007/978-1-4939-2113-3
https://link.springer.com/book/10.1007/978-1-4939-2113-3
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Types of additive manufacturing
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680

POWDER BED BINDER MATERIAL
FusioN (PBF) | JETTING JETTING

SHEET
LAMINATION

HYBRID

®KPTrumble
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Why use additive manufacturing ?

= Fast
o Design to product time
o |teration cycle
" Form
o Shapes conventionally impractical

o Vast amount of material choice
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Motivation for AM studies

= Improve overall properties
= Improve structure reliability

= [mprove process precision
properties

7\
)

structure process

= Achieve breakthroughs

pixabay
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Process of additive manufacturing

*

Build Processing Product

I | Q\*’b‘)’&

Virtual to physical Build quality Processing result Final inspection

Physical to virtual Quality improvement Process modification ~ New iteration inspection
l J

|
Structure
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x-ray CT
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What is CT (Computed Tomography)

MindwaysCT QCT Pro brochure, CC BY-SA 3.0
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How do x-rays generate contrast?

Object thickness

f

/

_ -t
measured — / incident er

Attenuation coefficient
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lu'oc E3

* « Density (p)

A —

¢ o Atomic number (Z)

e o Atomic mass (4)

Things absorb x-rays. )

x X-ray energy (E)
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How do x-rays generate contrast?

A A
i

IR ]
-

:
Heavy =  Light Thick -> Thin

Detector / film Detector / film
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How does X-ray CT acquire 3D structural data?

DeteCTOr

X“ray
SOurce

Scan Reconstruction 3D Data




structure analysis
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Common structure analysis methods
\\" = Specific feature analysis

o Archimedes density testing

o Ultrasonic detection

ﬁC\ rP o Coordinate measuring machine (CMM)

. K ;-.-g;;'t&.!ﬂm” W' =Image based inspection
- o Microscopy (optical, SEM)

o X-ray radiography

o X-ray CT
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Structural features scale

im 1dm 1cm 1mm 100um 10um 1pm 100nm 10nm 1nm 01nm
Tm 10m 10m 10m 10m 10m 10m 10m 10m 10m 10

|
X -ray microscope

Optlcal microscope
Electron microscope

S5yearold hand finger

5 L2

Size range of common AM features of interest
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structural features of interest
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Key structural features of interest for AM

Powder analysis Porosity Density Surface roughness Dimensioning

25201

Morphology Tolerance variation
Size distribution Actual to nominal

Du Plessis, Anton, et al. "Standard method for microCT-based additive manufacturing quality control 7-4" MethodsX 5 (2018)
Powder analysis article link Porosity article link Density article link Surface roughness article link
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https://www.autodesk.com/uk/solutions/geometric-dimensioning-and-tolerancing
https://www.sciencedirect.com/science/article/pii/S221501611830178X
https://www.sciencedirect.com/science/article/pii/S221501611830147X
https://www.sciencedirect.com/science/article/pii/S2215016118301481
https://www.sciencedirect.com/science/article/pii/S2215016118301468
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Why choose x-ray CT?

Objective
advantages:

Internal structure
Non-destructive
Spatial 3D data

X-ray radiography

SEM

Optical Optical
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Structure analysis
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Photopolymer
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Photopolymer- CT scan process

Finest voxel resolution 2.1 um
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Photopolymer- CT scan process

3D Reconstruction

2D Radiograph v dragonfly
3D World
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Photopolymer- 2D inspection

Crack grew into printed material e dragonfly
3D World
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Photopolymer- 3D inspection

= 3D visualization

=  Quantification

 FO Ty T LT INNE N r
AU
4 ey

Grayscale histogram r dragonfly
3D World
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Inversed

Photopolymer- Void analysis
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3D World
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Photopolymer- 3D dimensioning

= VVolume visualization

= Nominal to actual

VOLUME
GRAPHICS
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Photopolymer- Nominal to actual comparison

Nominal model: Deviation [mm]

0.40
0.32
0.24
0.16
0.08
0.00
-0.08
-0.16
-0.24
-0.32
-0.40

VOLUME
7/ GRAPHICS
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Metal powder
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Metal powder- CT scan process
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Metal powder- Morphology analysis

Powder - Mean Feret Diameter (um)
97.27

Titanium alloy powder 91.00

84.74
78.47
72.21
65.94
59.68
53.41
Mean Feret Diameter Histogram
8 47.15
7 4
2°
> 51
[¥)
5 41
z
o7
('
24
1 ] I—I—I
. : .
50.00 60.00 70 80 90.00 av d rugonfly
Micrometers 3D World
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Ceramic
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Ceramic- 2D inspection

Green ody
Sample B

Green ody
Sample A
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Ceramic- 3D inspection

2 Phase - Voxel count 2 Phase - Voxel count
100000.00 100000.00

Sample A Sample B

88750.00 88750.25

77500.00 77500.50
66250.00 66250.75
55000.00 55001.00
43750.00 43751.25
32500.00 32501.50
21250.00 21251.75
10000.00 10002.00
s dragonfly
3D World
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Ceramic- 2D inspection

Pre-baking

Major Sintering

Gree body
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Ceramic- Potential time resolved analysis

Equivalent Spherical Diameter (um) Equivalent Spherical Diameter (um) Equivalent Spherical Diameter (um)
63.05 177.76 124.33

Green body Brown body Sintered body

Mean Equivalent Spherical Diameter: Mean Equivalent Spherical Diameter: Mean Equivalent Spherical Diameter:
13.05 ym 1111 um 8.45 ym

s dragonfly
3D World
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Titanium alloy rods
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Titanium alloy rods- CT scan process

X-ray source

Detector

Sample stage
\ | 360°
X-ray source G
;i Detector
height bihi
0 - 480 mm 9
0 -480 mm

Detector distance (SDD)

900 - 1,200 mm

~

Sample stage distance (SOD)
Sample position adjustment 12 - 980 mm

0 - 400 mm

Finest voxel resolution 1.5 um
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Titanium alloy rods- 2D inspection

-
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Titanium alloy rods- 2D inspection

Sample D1 Sample D1

s dragonfly

3D slice location 2D slices 3D World
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Titanium alloy rods- 3D inspection

Sam p | e D1 Distance Map to baseiie (um) Porosty - phary

312.50 s 0.89

275.00 0.79
237.50 ; 0.69
200.00 0.59
162.50 0.49
125.00 0.39
8750 ¢ g 029
50.00 0.19
s dragonfly

3D World
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Titanium alloy rods- Surface roughness

Surface roughness - Distance Map to baseline (um) Surface roughness - Distance Map to baseline (um)
350.00 350.00
312.50 312.50
275.00 275.00
237.50 237.50
200.00 200.00
162.50 162.50
125.00 125.00
87.50 87.50
Distance Map to baseline Histogram 50.00 Distance Map to baseline Histogram 50.00
10! ' 10! g
100 100
g g 107!
> 107 >
g 2 192
g 10 g
g g 10-?
& 1077 =
B 107 ™.
1o s dragonfly
3D World
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Titanium alloy rods- Void analysis

Porosity - Sphericity
0.99

Sample D1 Sample C1

Porosity - Sphericity
1.00

0.91

0.79 0.82

0.69 0.73

0.59 0.64

0.49 0.55

0.39 047

0.29 3 R g 0.38

Sphericity Histogram 0.19 Sphericity Histogram 0.29
> >
g g
[ [
3 3
o o
2 2
w w

.

s dragonfly
3D World
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Superalloy (Inconel ®)
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Superalloy (Inconel®)- CT scan process

AL f v»‘ MHW M,Imﬁljﬂ_ﬂm |
30 40 50

41111

Finest voxel resolution 1.5 um
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Irregular
Surface bumps

Irreg ullar 2
Surface bumps' ¥
A

5,000 ym - 5,000 ym

s dragonfly

3D render 2D views 3D World

© 2024 RIGAKU CORPORATION AND ITS GLOBAL SUBSIDIARIES. ALL RIGHTS RESERVED. 52




@ Rigalcu

Superalloy (Inconel®)- 3D visualization

Volume thickness (pm)

1543.86
1430.44
1317.01

1203.58

1090.16

976.73 4 \;o"\w’\ N\ o’\o’\o’%a’\o
NNANININNSS\S “\

B SANSNNSINNNSNS\S
.\\/\o’\ A VAV AV &u/

ANSNININANNG

. 636.45 . .
3D volume thickness 2D volume thickness avg'gf,'\,go:;‘f'y
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Superalloy (Inconel®)- 3D visualization

Volume thickness (um)
1543.86

1430.44

= Simulation
= | oad distribution

1317.01

1203.58

1090.16

976.73

863.31

749.88

636.45
s dragonfly
3D World
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Superalloy (Inconel®)- Load simulation

Max. principal stress [MPa]
Force 2

2200
1900
1600
1300
1000

700

400
R X X

100 GG N
'~1

"~‘4m—\< - A

. l =
“~=--"High tension area

-200

3D stress distribution -0 2D stress distribution Y SRaPHICS
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Superalloy (Inconel®)- Load simulation

Max. principal stress [MPa]
2500

2200
1900
1600
1300
1000

700

400
100
-200

- VOLUME
500 7/ GRAPHICS
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Examples summary
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You have learned

= What is additive manufacturing (AM)

= Why structure analysis is vital to AM

= What is x-ray CT
= How x-ray CT helps you throughout AM

Microsoft stock
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Q & A Session
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Year End Survey

Q Link to survey



https://survey.hsforms.com/1S-yFLxAlQ8C-6bkOqEcqTw531ys
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