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Once upon a time ... TPW

2006

Hamburg

| collected 1st CT scan experiences at DESY Hamburg ROWO GmbH — a service provider for material inspections — started CT

imaging service for customers with v|tome|x s 225
Baker Hughes
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Once upon a time ... TPW (]

2016

Hamburg — Seattle - Kiel

( DAKKS
Deutsche
Akkreditierungsstelle
D-PL-11209-01-00
Gained CT experience by working on various projects in vertebrate anatomy ROWO GmbH, which meanwhile became TPW Priifzentrum GmbH, grew
and biomechanics from one to three CT systems
Baker Hughes
Confidential
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Once upon a time ...

2016

( DAKKS

Deutsche
Akkreditierungsstelle
D-PL-11209-01-00

ny ROWO GmbH, which meanwhile became TPW Priifzentrum GmbH, grew

from one to three CT systems

Baker Hughes
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Our infrastructure

2024

( DAKKS

Deutsche
Akkreditierungsstelle
D-PL-11209-01-00

Three CT-systems:

Nanotom m 180 kV nanofocus

v|tome|x m 180 kV nanofocus + 240 kV microfocus

v|tome|x L 240 kV microfocus + 450 kV minifocus

Baker Hughes
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Our infrastructure

2024

Three CT-systems: (( DAKKS h
EEE::;it?erungsstelle

D-PL-11209-01-00

Nanotom m 180 kV nanofocus

v|tome|x m 180 kV nanofocus + 240 kV microfocus

v|tome|x L 240 kV microfocus + 450 kV minifocus
Team of 10 people — 7 of them are operators/inspectors

Baker Hughes
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Our infrastructure

2024

Three CT-systems: (( DAKKS h
EEE::;it?erungsstelle

D-PL-11209-01-00

Nanotom m 180 kV nanofocus

v|tome|x m 180 kV nanofocus + 240 kV microfocus

v|tome|x L 240 kV microfocus + 450 kV minifocus
Team of 10 people — 7 of them are operators/inspectors

... coming soon: v|tome|x m 300 kV microfocus
Baker Hughes
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Our customers TPW CTinspect

Service provider

Our customers are:
* companies with no CT equipemt for their own that need to have their products CT inspected
* are experienced CT users in need for over capicities
* universities and other research facilities
* other service providers, e.g. from the field of metrology

e ..and more

Baker Hughes
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Typical scan objects

Plastics . Rubber i U

e
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Typical scan objects TPW
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Typical scan objects TPW

Batch sizes typically 1-20 parts

s L. i ial .
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Typical scan objects TPW

Batch sizes typically 1-20 parts

Exemplary images — no actual customer samples

Dr. Thomas Kleinteich Confidential © TPW CTinspect



CT-inspection workflow TPW

Part arrives at . . ) Part leaves
TPW Data processing Data analysis Data output IPW

@
@

Operator

aﬁ

Machine

-

Computer

Baker Hughes
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CT-inspection workflow TPW

Part arrives at
TPW

of samples;
CT-scan
settings

'i Placement

Operator

a Capturing
of x-ray
a images

Machine

-

Computer

Baker Hughes
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CT-inspection workflow

TPW

Part arrives at
TPW

'i Placement
of samples;
- CT-scan
Operator settings
a Capturing
of x-ray
a images

Machine
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Loading of
parameters
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of 3D

volumetric
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CT-inspection workflow TPW CTinspect

Part arrives at
TPW

'i Placement
- of samples;

CT-scan
Operator

a Capturing
of x-ray
a images
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processing
and analysis
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Loading of
parameters

settings

Machine
: Surface
Calculation definition
of 3D _ alignment,
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Computer analyses
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Dr. Thomas Kleinteich Confidential © TPW CTinspect



CT-inspection workflow

Part arrives at

TPW

@
@

Operator

aﬁ

Machine

-

Computer

Placement
of samples;
CT-scan

settings

Capturing

of x-ray
images

parameters

Reconstruction

Calculation
of 3D

volumetric
data

Data processing

Definition of

processing
and analysis
steps

Surface
definition,
alignment,

automated
analyses
etc.

Dr. Thomas Kleinteich

Data analysis

Browsing through
data, placement of
markers,
measurements,
generating pictures,
reporting

Browsing through
data, placement of
markers,
measurements,
generating pictures,
reporting

Data output

Part leaves

TPW

Baker Hughes
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CT-inspection workflow

Part arrives at
TPW

Part leaves
TPW

Data processing Data analysis Data output

@
@

Operator

aﬁ

Machine

-

Computer

Placement
of samples;
CT-scan

settings

Capturing

of x-ray
images

parameters

Calculation
of 3D

volumetric
data

Definition of

processing
and analysis
steps

Dr. Thomas Kleinteich

Surface
definition,
alignment,

automated
analyses
etc.

Browsing through
data, placement of
markers,
measurements,
generating pictures,
reporting

Browsing through
data, placement of
markers,
measurements,
generating pictures,
reporting

Upload to TPW
cloud and
generation of link
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CT-inspection workflow

TPW CTins

Part arrives at

Loading of
parameters

'i Placement
of samples;
- CT-scan

Operator settings

00

Machine

1n

Computer

Capturing

of x-ray
images

Reconstruction

Calculation
of 3D
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data

Dr. Thomas Kleinteich

Definition of
processing
and analysis
steps

Data processing

Surface
definition,
alignment,

automated
analyses
etc.

Data analysis

Browsing through
data, placement of
markers,
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generating pictures,
reporting

Browsing through
data, placement of
markers,
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generating pictures,
reporting

Data output

Upload to TPW
cloud and
generation of link

Confidential

© TPW CTinspect



CT-inspection workflow

Part arrives at
TPW

®
@

Operator

Q Capturing
of x-ray
a images

Loading of
parameters

Placement

of samples;
CT-scan
settings

Machine
Calculation
of 3D
volumetric
data
Computer

Reconstruction

Definition of

processing
and analysis
steps

Data processing

Surface
definition,
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Data analysis

Browsing through
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markers,
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Browsing through
data, placement of
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generating pictures,
reporting

Data output

Upload to TPW
cloud and
generation of link
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CT-inspection workflow TPW CTinspect

Common that operator performs scans while analyzing data from a different scan or even project

Diversity of objects to CT scan Typical scan objects

X Machine: 5 mins to 2 hours

X Analysis: 5 mins to 3 hours

Times for reconstruction, data processing, and analysis do not
correlate with CT machine time

Exemplary images - no actual customer samples

Disruptive for operator when trying to maximize machine time > Batch sizes typically 1-20 parts

start next scan once previous scan is finished Or. Thomas Kleinteich © TPW CTinspect

Aim: automate processes to minimize distractions for operator

Baker Hughes
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CT-inspection workflow

TPW C

Part arrives at

TPW

@
@
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Machine

-
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steps

Dr. Thomas Kleinteich

Baker Hughes

Data processing

Surface
definition,
alignment,

automated
analyses
etc.

Data analysis

Browsing through
data, placement of
markers,
measurements,
generating pictures,
reporting

Browsing through
data, placement of
markers,

measurements,
generating pictures,
reporting

Data output

Upload to TPW
cloud and
generation of link

Operator mandatory

Part leaves
TPW
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CT-inspection workflow TPW CTinsp

Part arrives at
TPW

'i Placement
- of samples;

CT-scan
Operator

a Capturing
of x-ray
a images

Definition of
processing
and analysis
steps

Loading of
parameters

settings

Machine
: Surface
Calculation definition
of 3D _ alignment,
voI:metrlC automated
ata
Computer analyses

etc.

Software > Makros

Baker Hughes
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CT-inspection workflow

TPW CTinspect

Part arrives at _
TPW CT-scan

of samples;
CT-scan
settings

'i Placement

Operator

a Capturing
of x-ray
a images

Machine
Abtomatic sample
E changer
Computer

Baker Hughes
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TPW
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Sample changer hardware TPW CTinspect

,The Board“

Dr. Thomas Kleinteich Confidential © TPW CTinspect



Sample changer hardware
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Sample changer software

TPW CTinspect

datos|x acq

Standard workflow for CT-scan

Placement

of samples;
CT-scan
Operator settings

Save scan
settings in
.PCA-file

» } » aﬁ e

Start scan

images

Machine

Dr. Thomas Kleinteich

Confidential
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Sample changer software TPW CTinspect

datos|x acq

®
@

Operator settings

Placement
of samples;
CT-scan

Save scan
settings in
.PCA-file

datos Batch editor

¥ Batch editor - Admin - Tray56mm_MultiParts_01.pcb X . .
& ERTR Job 1: Grab and scan sample frof S]] D efl ne Jo bs
=3 Task 1: Load project Name Grab and scan sample from tray 42 mm . -
SR Task 2 NG Move downy Description Grab and scan sample from tray 42 mm in. P c B -fl I e
=3 Task 3: CNC - Move side STk
batch|mode - ey | Load et
. Name CNC
= Task 6: MultiGain
= Task 7: DIN - check tray type 56| T Cne
= Task 8: DIN - check tray type 5¢| 12 Useg jekeraction
=@ Task 9: DIN - check manipulator Name Calibration images
= Task 10: CNC- tray position cher | \ame Calibration images
.= Task 11: DIN - check positionis | Name Digtal 10
= Task 12: CNC- lower than tray Name Digtal 10
= Task 13: CNC - below tray positi Name Digital 10
= Task 14: CNC- pick sample Name CNC
~m Task 15: CNC- away from tray Name Digtal 10
= Task 16: CNC- aquire position Name CNC
«-@g Task 17: CT Scan Name CNC
= Task 18: CNC Name CNC
=g Task 19: Digital IO Naia oNe
= Task 20: Digital 10 Name one
:T I:: ;; g:g Name CT Scan
o = -
b :
=g Task 24: CNC — T
Name CNC
Name CNC
Name CNC
Name CNC
General
Grab and scan sample from tray 42 mm
< >

Dr. Thomas Kleinteich Confidential © TPW CTinspect



Sample changer software TPW CTinspect

datos|x acq

Placement
Save scan

of samples;
CT-scan
Operator settings

settings in
.PCA-file

datos Batch editor ﬂ_b (= CT-scan plus sample handling) \

#2 Batch editor - Admin - Tray56mm_MultiParts_01.pch X . ) D .
f efined by tasks
ﬁ ERTIR Job 1: Grab and scan sampe rofElE=] Define Jo bs Yy
=@ Task 1: Load project Name Grab and scan sample from tray 42 mm . 0
=@ Task 2: CNC - Move down Description Grab and scan sample from tray 42 mm n. P C B -fl I e . .
L e e = move CNC out of field of view
batch|mode = Task 52 Offset i Name Load project
: N oNe H H
g Sowspeoar N | (= o = capture gain and offset images
i Name User interaction
=@ Task 8: DIN - check tray type 5¢ skt
=& Task 9: DIN - check manipulator Name Calobrat!on images | | g r‘a b Sa m p | e
= Task 10: CNC- tray position che: za"‘e gla’i"'la‘lg" images
=& Task 11: DIN - check position is lame: igtal .
~= Task 12: CNC- lower than tray | Name Digtal 10 = I 0a d . P CA‘f' | e
= Task 13: CNC - below tray positi Name Digital 10
= Task 14: CNC- pick sample Name CNC . oy ®
e s [l e . " move to acquire position
=@ Task 16: CNC- aquire position Name CNC
@ Task 17: CT S
o, e o = perform scan
=8 Task 19: Digital 10 s o .
=@ Task 20: Digital
=5 koo e o = perform reconstruction
o TEk ZEONG Name CNe .
- s ke None Dot 0 =  bring sample back
Name Digtal 10
Name CNC
Name one
Name CNC
Name CNC
General
Grab and scan sample from tray 42 mm
< >

Dr. Thomas Kleinteich Confidential © TPW CTinspect



Sample changer software TPW CTinspect

datos|x acq

Placement
Save scan

of samples;
CT-scan
Operator settings

settings in
.PCA-file

datos Batch editor ﬂ_b (= CT-scan plus sample handling) \

£ Batch editor - Admin - Tray36mm_MultiParts_01.pch X ) ) .
Define jobs Defined by tasks
o [ERTES Job 1: Grab and scan sample frof{Elfever=] -
= Task 1: Load project Name Grab and scan sample from tray 42 mm - 2
ﬁ = Task 2: ONC - Move don Description Grab and scan sample from ray 42mm in .PCB-file : :
Erwiocmess o = move CNC out of field of view
batch|mode =€ Task 5: Offset :::: Eﬁ:"m . .
et | (= b = capture gain and offset images
- Task 7: DIN - ay |
=S Task 8: DIN - check tray type 5¢|  ame Mseg Ftgesction
= Task 9: DIN - check manipulator | ame Calbaionimaoed u g ra b Sam p | e
= Task 10: CNC- tray position che: za"‘e g“_*::'la‘lg" images
=& Task 11: DIN - check position is lame igital .
= Task 12: CNC- lower than tray Name Digtal 10 = I 0a d . P CA'f' | e
= Task 13: CNC - below tray positi Name Digital 10
= Task 14: CNC- pick sample Name CNC . oy ®
= Task 15: CNC-away from tray | Name Digtal 0 = move to acquire p05|t|0n
= Task 16: CNC- aquire position Name CNC
--mQ Task 17: CT Scan N CNC
B e o = perform scan
= Task 19: Dgital 10 s one X
= TR0 pome e = pe rfO rm reconstruction
-me Task 22: CNC Name CNC .
=@ Task 23: CNC H . ™
= Task 24: ONC e g:;::g Activate JObS brlng Samp|e back
Name CNC
through datos|x
Name CNC
N oNe
control
General
Grab and scan sarmple from tray 42 mm
< >

Dr. Thomas Kleinteich Confidential © TPW CTinspect



Sample changer software

TPW CTinspect

datos|x control

Dr. Thomas Kleinteich

Q Datos|x Control - AutoVCT EE X
Next l Acﬁvel
Part Type Operation
: GeneralType_56mm_noMultipart | Tray56mm_MultiParts_01 v [ Mixed Mode operation
Tub
3 =
L | 2| 3] | ] 5] | d| 7] |
Control
Scan Abort
System Status Progress
B Connection Tub R 00:00:00 E——
[ acQ ACQ R00:00:00  E-=-- SN:
Il REC REC R 00:00:00 E—— SN:
Confidential

© TPW CTinspect




Sample changer software TPWCTin

datos|x control

i l A wm\ [ I Il
== Next I Activel
Part Type Operation
.rGeneralTAype__Ssmm_noMulﬁpart v ‘ 'Tray56mm_MultiParts 01 v [ ] Mixed Mode operation
Tub
| 1 2 3 B 5
Confidential

Dr. Thomas Kleinteich © TPW CTinspect



Sample changer software TPWCTin

datos|x control

Job defined
in .PCB file

== Next I Activel
Part Type Operation
.rGeneralTAype__Ssmm_noMulﬁpart v ‘ 'Tray56mm_MultiParts 01 v [ ] Mixed Mode operation
Tub
| 1 2 3 B 5
Confidential
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Sample changer software

TPW CTi

datos|x control

Job defined
in .PCB file

uuuuu

ssssssssssssss

Next | Active|

Part Type Operation
 GeneralType_56mm_noMultipart v ' Tray56mm_MultiParts 01 v [ ] Mixed Mode operation
Tub
| 1 3 -
File names for scan File names for scan File names for scan File names for scan File names for scan
-> Serial numbers -> Serial numbers -> Serial numbers -> Serial numbers -> Serial numbers

Dr. Thomas Kleinteich

Confidential

© TPW CTinspect




Sample changer software

TPW

Sample changer hardware TPW Sample changer software TPW
datos|x control
Job defined
in .PCB file
FE ] e | Active]

Part Type Operation

GeneralType_56mm_noMultipart v Tray56mm_MultiParts_01 b [ mixed Mode operation

Tub

| 1 Pl 5 |

1T 1 1 1

File names for File names for File names for File names for File names for
scan scan scan scan scan
-> Serial numbers - Serial numbers - Serial numbers - Serial numbers - Serial numbers

N

Baker Hughes

Dr. Thomas Kleinteich Confidential

Dr. Thomas Kleinteich

Usefull for inspections of multiple similar parts

Possible to define multiple jobs in single .PCB = stack parts in
sample holder and scan them separately

Link VGSTUDIO MAX makros to reconstruction output = fully
automated workflows

© TPW CTinspect




Sample changer software TPWCTin

datos|x control

ssssssssssssss

Part Type Operation

File names for File names for File names for File names for File names for

scan scan scan scan scan
Job defined Job defined Job defined Job defined Job defined
in .PCB file in .PCB file in .PCB file in .PCB file in .PCB file
Bukertiogites

Dr. Thomas Kleinteich Confidential © TPW CTinspect



Sample changer software TPW CTinspect

Sample changer software TPW CTinspect Sample changer software TPW CTinspect
datos|x acq datos|x control
6) Placement P, \ \
/. L g otomeies; LA setingsin
Operator settings PCAfile
‘ datos Batch editor Job (= CT-scan plus sample handling)
R El ‘ Defined by tasks B0 =
K = e In .PCB-file = move CNC out of field of view i
sy = capture gain and offset images
= grab sample
= load .PCA-file
- o * move to acquire position
= = perform scan
w = perform reconstruction
= e Activate jobs = bring sample back
w through datos |x
- control
File names File names File names File names File names
for scan for scan for scan for scan for scan
i § R Job defined Job defined Job defined Job defined Job defined
in .PCB file in .PCB file in .PCB file in .PCB file in .PCB file

Dr. Thomas Kleinteich © TPW (Tinspect

ﬁ_b (= CT-scan plus sample handling) \

Defined by tasks Scan parameters

Dr. Thomas Kleinteich © TPW CTinspect

= move CNC out of field of view
= capture gain and offset images
: igraz ssénAplfe'zl X-ray settings

oad. -fi e. — Exposure time
= move to acquire position Detector sensitivity

= erform scan :
P ) Number of images
=  perform reconstruction

etc.
\ =  bring sample back /

FDD and FOD (z-axis)
Height (y-axis)

Dr. Thomas Kleinteich Confidential © TPW CTinspect



Sample changer software TPW

Sample changer hardware TPW Sample changer software TPW

datos|x control

Next | active|
Part Type Operation
GeneralType_56mm_noMultipart v Mixed Mode operation
Tub

2 |

File names File names File names File names File names

for scan for scan for scan for scan for scan
Job defined Job defined Job defined Job defined Job defined
in.PCB in .PCB in .PCB file in ,PCB file in .PCB file
W CTinspect

Dr. Thomas Kleinteich © TPW CTinspect Dr. Thomas Kleinteich

Different .PCB-files with different jobs link to different .PCA-files
- Allows to automatically scan very different samples

- Usefull for all kinds of projects

Baker Hughes

Dr. Thomas Kleinteich Confidential © TPW CTinspect



CT Setup Workflow TPW CTinspect

Is it a lot of work to set-up multiple .PCB files / jobs?

No! It takes not more effort than setting up individual scans.

Baker Hughes
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CT Setup Workflow

TPW CTinspect

Is it a lot of work to set-up multiple .PCB files / jobs?

No! It takes not more effort than setting up individual scans.

,The Board” has 8 positions = 8 very generic .PCB-files

O load PCA — perform detecor calibration — move sample to

acquire position — perform scan

Baker Hughes

Dr. Thomas Kleinteich

Sample changer hardware

TPW CTinspect

.The Board”

Sample changer software

TPW CTinspect

datos|x acq

\

Job (= CT-scan plus sample handling)
Defined by tasks

= move CNC out of field of view
= capture gain and offset images
= grabsample

= load .PCA-file

= move to acquire position

= perform scan

= perform reconstruction

= bring sample back

| | /

Dr. Thomas Kleinteich

© TPW CTinspect
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CT Setup Workflow TPW CTinspect

Sample changer hardware TPW CTinspect

Is it a lot of work to set-up multiple .PCB files / jobs?

No! It takes not more effort than setting up individual scans.

.The Board”

,The Board” has 8 positions = 8 very generic .PCB-files

Sample changer software TPW CTinspect

datos|x acq

£ load PCA — perform detecor calibration — move sample to = \
H H ‘ of samples; [3 R
acquire position — perform scan Ll o M o

datos Batch editor Job (= CT-scan plus sample handling)

.,J.Em o g e D!f-lne:::ye':;kcspmoffieldogview
2 operator SRAE ==
?‘;: ﬂ::tgh'::“{:e:“ ring sample bac
» places samples in cups / customized holders \ = -
Sample changer software TPW CTinspect e
datos|x control
» creates .PCA files with part-specific scan settings
> links .PCA-files in .PCB-files
» updates path for offset and gain images
» enters file names in datos|x control and selects .PCB-files

Baker Hughes

Dr. Thomas Kleinteich Confidential © TPW CTinspect



CT Setup Workflow

TPW CTinspect

Is it a lot of work to set-up multiple .PCB files / jobs?

No! It takes not more effort than setting up individual scans.

,The Board” has 8 positions = 8 very generic .PCB-files

O load PCA — perform detecor calibration — move sample to
acquire position — perform scan

Sample changer hardware

TPW CTinspect

.The Board”

Sample changer software

TPW CTinspect

datos|x acq

=B \

Job (= CT-scan plus sample handling)

datos Batch editor

Define jobs Defined by tasks
Enmmmoms ’ in .PCB-file

= move CNC out of field of view
capture gain and offset images

) = grabsample

e = load .PCA-file

= = move to acquire position
= = perform scan

nnnnnnnnnn

= perform reconstruction
Activate jobs = bring sample back

o

© TPW CTinspect

Sample changer software

datos|x control

File names File names File names File names
for scan for scan for scan for scan

Job defined Job defined Job defined Job defined
in .PCB file in .PCB file in .PCB file in .PCB file

File names
for scan

® .
a Operator:
» places samples in cups / customized holders
» creates .PCA files with part-specific scan settings
» links .PCA-files in .PCB-files
X » updates path for offset and gain images
< 10 mins.
» enters file names in datos|x control and selects .PCB-files
Baker Hughes
Confidential

Dr. Thomas Kleinteich
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Summary

TPW CTinspect

Sample changer works well for serial inspections

Integration of reconstruction and VGSTUDIO MAX data processing

» fully automated workflows from scan to PDF report

Baker Hughes

Dr. Thomas Kleinteich

Sample changer software

Sample changer hardware TPW CTinspect

Usefull for inspections of multiple similar parts

Possible to define multiple jobs in single .PCB - stack
parts in sample holder and scan them separately

Link VGSTUDIO MAX makros to reconstruction
output > fully automated workflows

Dr. Thomas Kleinteich © TPW CTinspect
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Summary

TPW CTi

Sample changer works well for serial inspections
Integration of reconstruction and VGSTUDIO MAX data processing

» fully automated workflows from scan to PDF report

,Mixed mode” changed the way we operate the machine

» instead of setting scans up on the pace of CT-scanning process, we
do it as batches

» machine runs for several hours without interaction
» less disruption for operator

> machine down-times reduced to a minimum

Baker Hughes

Sample changer software

TPW CTinspect

Sample changer hardware

Sample changer software TPW Clinspect

Usefull for inspections of multiple similar parts

Possible to define multiple jobs in single .PCB - stack
parts in sample holder and scan them separately

Link VGSTUDIO MAX makros to reconstruction
output > fully automated workflows

Dr. Thomas Kleinteich

Sample changer software

© TPW CTinspect

TPW CTinspect

Sample changer hardware

Sample changer software TPW Clinspect

Different .PCB-files with different jobs link to different
PCA-files

- Allows to automatically scan very different samples

- Usefull for all kinds of projects

Dr. Thomas Kleinteich

© TPW CTinspect
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Thank you!

Dr. Thomas Kleinteich
TPW CTinspect GmbH
Xantener StralSe 6
41460 Neuss, Germany

Phone: +49 2131 6655 266
Cell: +49 163 6655 200

Email: t.kleinteich@ct-inspect.de

www.ct-inspect.de

Baker Hughes
Confidential

TPW CTinspect
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