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Ultra fast imaging

»  Study of the dynamics of the jets, and nozzle internal geometry effects in a Gasoline Direct
Injection system (GDI). Contact: Kamel Fezzaa: fezzaa@aps.anl.gov
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Wang Y. et al. Nature Physics 4, 305-309 (2008)

" Powell C.F. et al. Proc. ASME ICEF 2009.
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Laminography 256‘24

Laminography of Fossils
X. Xiao, G. Li, IHEP, China, D. Shi, Toshiba Medical Research Institute,M. Anastasio, IIT

w
multilayer
monochromator

Chengjiang River Fauna from China, 540 million-year old
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N
High throughput fully automated 1um resolution tomography

1500 projections 2048x2048.

Robot Total collection time: 25 minisample : 4

\ .- ‘ Data analysis time: 9 min/sample-
‘ System throughput:

> 200 samples/day

« Efficient sample handling &
precision alignment

* Local and remote beam line
operation

 Fast 64-CPU computer
cluster for data analysis

» 5-30 keV multi-layer or Si 111
*Mineralized tissue density

*Crack propagation in dental
composite materials

* Al corrosion
 Foam deformation

» Ancient fossils from China
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High throughput fully automated 1um resolution tomography

Automatic Sample Changer

Data handled per sample (every ~ 25 min)

Pixels Gbytes
CCD single projection 2,048 x 2,048 8.00|MByte
Raw Data Set 2,048 x 2,048 x 1,440 11.25|GByte
v Sy K " '\ Normalized 2,048 x 2,048 x 1,440 22.50{GByte
Fﬂ‘ ! , [!!{ !“i Reconstructed 2,048 x 2,048 x 2,048 32.00|GByte
Total 73.75 GByte
Data Processed 4.15 TB/day
Standard Sample Holders
Data Distributed to users 2.43 TB/day
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User interface

-0l

File Utilities Security Help
l/Data Acquisition rncquisition Movement rData Reconstruction |

Configure Samples

Sample Selection Model: |User Samples | - |
User Sample Directory: | Create New User... |

S:tomo'2010_02'francesco | Select User... |
Sample Directory Base name: |Sam | Create New Sample... |

Next Sample: Bone
Preloaded Samples

Sample Ma... User Row

Colu..|Experim.. [Experim.. . Add Directory...
Eone Stu Stock 11 A Sam01... [Sftoma...
Eone2 Stu Stock 11 A Sam02.. [Sfomao... Add Sample...
Eone2 Stu Stock 11 A Sam03.. [Sfomao...

A

A

A

pallen_1 Andrew Leslie (11 Sam04.. |Sitoma... Remove Sample
pallen_1_2  |Andrew Leslie |11 Sam0a... |Sitoma...
honel_4 Andrew Leslie |11 Sami0g... |Sitomo... Edit...

Mowe Down

Acquire Sample
Current Frame Number: -
Current Sample: None
Current Angle: -

I | B N

| \iew Experiment File |

| Details... |

Subject: DC=org/DC=doegrids/OU=People/CN=Francesco De Carlo 840079/CN=122873836
Time Left: 26 days, 1 h, 56 min, 46 sec
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Automatic Operations

=lol =

User Sampha i ectony:

X

TomoScript--¥3.0.0

File Utilities Security Help
[ Data Acquisition | Acquisition Movement | Data Reconstruction |

=10l x|

Move Samples

> | m K[
[ Vewepsrimam e _|
[ owms. |

| Time Loft: 76 days, 11, 56 mn, 46 s

SampleMN..| User [ Row | Column Esperimen.Ewmerime..| | agd pirectory.
e Bone |Stu Btock |11 & |Samot _e... [Sitomore...
Prefoaded Samples
Samplebes | Usi Add Sample...
=2 Eha Etocl
UOI'E:) EJ:IJERM(
[potan T e L Remove Sample
[patan_t 7 ndrw L
bonei 4 Andraw Les B

Transfer Sample
Current Sample: Bone2
Automate Transfers

Source Location

Server: |5pringer.xor.aps.anl.go\r

Root Path: S:tomo/curr ftray 2/
Base URL:
gsiftp:/ispringer.xor.aps.anl.gov:28 11/cygdrive/Stomo/currentuser tray/Samo2/

Destination Location

Server: |0nhros.x0r.aps.anl.g0v |

Root Path: [idataitomo? |
Base URL:

gsiftp:/forthros.xor.aps.anl.gov:2811/datajt 251t T

fray/Sam02/

Progress
Pending: 376
Completed: 366
Failed: 0

Subject: DC=orgDC=doegrids/OU=-People/CN=Francesco De Carlo 840079/CN=122873836

Time Left: 26 days, 1 h, 10 min, 16 sec
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Data Acquisition
Change Samples
Data Transfer

Data Processing

Sequential Piped

GridFTP transfers are fast enough to allow
for pipelining the data acquisition and data
transfer steps further increasing overall
throughput and allowing for quicker
feedback from processed data



APS Beamline 2-BM micro-tomograpHy system

3D Microstructure Visualization and Modeling of Deformation in Metal Matrix Composite

N. Chawla, Arizona State University with Alcoa, Ford, GM, and Chrysler

100 um
Particle Reinforced « Understanding the role of Fe-rich inclusions
Metal Matrix Composites and pores on tensile and fatigue resistance

The APS micro-tomography system will allow to make of MMCs

lightweight connecting rods for passenger cars by
* Quantifying the degree of damage as a

«  Visualizing and quantifying the fraction and function of distance from the fracture plane

distribution of SiC, pores, and Fe-rich
inclusions

R AaLcoA

CHRYSLER

INSPIRATION COMES STANDARD
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APS Beamline 2-BM micro-tomograpHy system

Self healing composite materials microstructure and healing efficiency
PI Fabrizia Ghezzo Duke University with SensorMetrix Inc. and NanoComposix Inc.
New (non-thermo-shocked) sample,
small section, CFRP-2MEP4F

2 x 2mm samples 3 layers

New sample, CFRP epoxy

The APS micro-tomography system allows to study:

=  Fibers distribution in composite laminates (quality of the
fabrication process)

=  Presence of voids or defects into the matrix phase of the
composite

. Presence of cracks
=  Healing of cracks

= |f healing at temperatures close to Tg (glass transition
temperature) of the polymer the material deforms
(identification of creep phenomena)

Same sample, Healed over 100C (close to polymer glass
transition temperature): polvmer viscositv issues

A1\ sensorMetrix :3“ nanoComposix

6 vanced Materials and Integration Technology




APS Beamline 2-BM micro-tomograpHy system

New Reusable Solid Rocket Motors Insulation
Mark Gentz, Alliant Techsystem - ATK Launch Systems

Fiber Alignment and Distribution Filler Size and Distribution

The APS micro-tomography system allows to study: o _
* The characteristic of the alignment

« The Reusable Solid Rocket Motors of the and distribution of the fibers
Space Shuttle » The particle size and distribution of

« The new internal rocket motor insulation for the flllgrs for this insulation maftenal
NASA that is designed to replace the current * Mate.n.als processed under various
asbestos fiber based insulation. conditions.

(élk ) A premier aerospace and defense company
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Data Analy5|s Clusters Fully Scalable (disk space and CPU power)

Same VLAN and queuing system

= Dedicated Beamline cluster (tomo)

— 8 x [2 x dual-core 2- GHz] CPU compute
nodes on a Infiniband bus.

40 TByte scalable high performance
parallel file system (vl+ll_;.[+ dre)

3D rendering: Amira |
Sample reconstruction in ~ 22 min

Time to Reconstruct a full data set (s)

= Shared APS cluster (orthos)
— 17 x [2 x dual-core 2.6- GHZ]

compute nodes on a Infiniband
bus.

70 TByte scalable high
performance parallel file system

1 Head node - 500GB of local
user space, 8GB RAM, 2 x
2.6Ghz Dual Core opteron

1 Administrative node - 250GB
local user space, 8GB RAM, 2 x
2.6Ghz Dual Core opteron.

Yom




\ |
High Performance Computing at the APS
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Data distribution

To external users
— eSata
— GridFTP (part of the globus tool kit)

Internally

GridFTP can manage 3™ party
transfers. This fits very well into the
model of our experimental control
system. It also allows us to pipe the
data movement to get a subtle but
very real improvement in overall
throughput!
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Data distribution

=  GridFTP usage internal to the APS
— Pipelined acquisition
e Tomography
e X-Ray Photon Correlation Spectroscopy (XPCS)
e 3D Xray Micro-Diffraction (3D-XMD)
— General data movement

e High throughput data movement between beamlines and clusters

=  GridFTP usage external to the APS

— Data server in the DMZ
e Mostly used with facilities that have their own GridFTP servers and know-how —
e “New” users not well supported
— GridFTP GUI exists but still some bugs/features missing
— Internal questions over support issues

Scientific Computing at Modern Synchrotron User Facilities April 215, 2010
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Future?

Tested pco.dimax at 2-BM in pink beam:
2,048 x 2,048 x 3,000 projections in6's

Photron FASTCAM SA1.1 at 32-ID in pink beam:
1,024 x 1,024 x 1350 projections in 250 ms

— Insitu studies

— Dynamic

— Reduced Radiation Damage

— Large population of samples (biology)

Mid June we will test the first sSCMOS camera
2560 x 2160 ~ 100 f/s

Scientific Computing at Modern Synchrotron User Facilities April 215, 2010
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APS Beamline 2-BM micro-tomography system

Mechanical behavior of sand under compression through direct observation of 3D Microstructure,
Jay Hanan Oklahoma State University

4 tomographs are
combined per strain
step to examine the
full column.

76 tomography datasets in total for the 34%
maximum strain reached.

2D slice of the sand grains
2.6 um/pixel resolution



.
Ultra-fast Tomography: A Bubble Growing (4Hz Tomography)

0O ms 1500 ms 3000 ms

> 10 PB/day .....
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Theoretical & Computational Challenges

< experiment > _
N Current Operational Workflow

v raw data
f/ | ‘

B —
data reduction
N /

f reduced data

U'c:itoi yslo

preliminary model

ement

modeling
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Theoretical & Computational Challenges

Preferred Operational Workflow
— > experiment(s)

raw data (2-D intensity,
E,T,P,t etc.)

data reduction visualization
reduced data, 1(Q) II I
data analysis modeling

adjustable
parameters
publication, presentation,
archival, printing
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Microstructure,

APS Beamline 2-BM micro-tomograp y system

Mechanical behavior of sand under compression through direct observation of 3

Jay Hanan Oklahoma State University

N. P. Daphalapurkar, J. C. Hanan, et al.,
“Tomography and Simulation of
Microstructure Evolution of a Closed-Cell
Polymer Foam in Compression.” Mechanics
of Advanced Materials and Structures,
15:1-18, 2008.

5,
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APS Beamline 2-BM micro-tomography system

Creep cavitation and dissolution establish a granular fluid pump in ductile shear zones
Florian Fusseis, University of Westen Australia

200 400 600 800 1000 1200 1400 1800

Total porosity (%) Relative frequency of pores between
1.3 and 3.9um

200

Nature Vol. 459 18 June 2009 doi:10.1038/nature08051



= Thank you
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