Advisor Research Scientists Students

P r O b I n g a.n d P r O C eS S I n g M a.t er I a.I S Dr. Naresh Thadhani Dr. Greg Kennedy Andrew Boddorff, Keara Frawley, Katie Koube,

: : : Dr. Sungwoo Jang (Post-doc) Leah O’'Rourke, Karla Wagner, Tyler Knapp, Taylor
at ng h PreSSU res a.n d ng h Stral n -RateS S|00p, and Ben Zusmann

Laboratory Capabillities Experimental Research Areas Computational Modeling

Laser-Activated Nanoparticles

Launch Systems and Diagnhostics Shock Response of Metallic Glass for Drug Delivery Mesoscale Simulations
High velocity gas guns, 80 mm and 7.62 mm bore Schematic of LLE high i /—j._usnm | o e
3-Joule 1064 nm laser for mini-flyer launch or direct exposure  energy laser impact ~ {: | som o0
) g . | s Skm A|203 2 nm N NNNAAKA A S S
experiment setup. feul || N . AN YA
: - - NI 3—350m s
VISAR and PDV (laser interferometry) probes for velocity Synchrotron pair P Fused Si0,
: e : : substrate T
PVDF and Manganin stress gauges for pressure distribution function SN _ .
Cameras and spectrography with high time resolution indicating polyamorphism. No laser + carbon  Laser + carbon = delivery Ao iy Optical microcavity and
b — | | | | simulated spectral shifts e’ ... ..~ ~'°'
Dendrite-reinforced Bulk Metallic & D Sianif _ _ y under shock loading v o) |
= o !.l 'a,':;r/ 7 T i Glasses provided by NASA JPL offer igniticant increase In uptake | S |
' Aluminum Fly‘;r ‘ - - -
’*l- 55 £ = c 5~ increased toughness and tunable (green) with energy transfer Coupled optical-mechanical simulations explore use of
. Lt ‘g!. !&5 'lu.\ sl - ER— mechanical properties. genergted fro_m laser + carbon multilayered optical microstructures as pressure gauges.
| codawd . B . BT s black interaction.
-\5_54 i » : . ma" " ' .« . I\\gpli;(g?i‘:fge 1.2 Normalized Peak Depth ico
Is=s - : L ' backer 1 [~ 1.0 { v e
o i fﬂ/\ e o T winaon T
i sl s el - . . i - 480 :
ﬁu_,-, 2 oo Nk Shock Response of 3D Printed Metals Shock Response of Geologic Materials )
‘J‘ Ry <A e e i e
PR ¢ | iy - I%E_J el §
| .“, u) (i . Microstructural response of 3D o - 2
'™ — - ey printed metals to shock tensile and . 6] [N ' :
_s0mm Gas G“” 7010 1200 m/s WP compression. Extensive twinning, woo e alr

PZT pin Time (ns) Time (ns)

grain refinement and misorientation
noted at the spall plane of shocked
3D printed 316L.

Spectral response of SiO,-based AOMC under “steady-state”
pressure of ~8.5 GPa

_ Free surface velocity vs. time Shock loading produces distinct shifts in multilayer’s
Avalable backer stress fraces for successful experiments e ——1 2drmm g~Smm thicksample optical behavior; paired velocimetry and time-resolved
| gm| | )/ W spectroscopy allow experimental correlation of
g L s Dynamic behavior of hetergeneous geologic materials is not well mechanical phenomena and spectral features.
t understood. Parallel plate impact experiments with multiple 55 | — 7
| diagnostics used to generate empirical Equation of State for sand. = : neem "*‘”‘\T“\\ 1 O | |
. g ) ' \ .-"f/ fr ; 550 | R k- a.ao% :E: .
- g 04 | | 5 | . 5 2 s
L = SR Rational Design of Polymers Mesoscale Experimental Diagnhostics [P | ] TEET | L B S
Recording time (ps) subs:trate = a0 a5 500 T30 530 B%0  5io 0o 10 20 .30 :.10 50 60 R 3.0 ,40 50 60
Gas guns (left) and example experimental setup for 80-mm gas gun Polymers behave differently _ o 1 Simulations + exoeriments indicate multilavers’ ability to
experiment (right top). Example PVDF pressure traces for different than metals under high strain < o — esolve hetero eFr)leous oadin conditionsy y
impact velocities (right bottom). rate loading due to their s EEEEEEEE— J J
mOrphOlOglcal COmp|6X|ty % - B \*"“"‘*"-\...____ ] e "
Continuum Powerlite I [EISURI—". s ot ((FWSt/a”!n't}[’ ?nd CrYStaII'tE - Multilayer Structures _ 510 2
Plus: 3-Joule, 1064nm y o B 7 it Sizes/orientations, amorpnous- %12z a4 s = Y
Drive Laser '-.-" ?;gg s D : : P : Time (us) 5 &
§ o) e : crystalline interfaces, crosslinks | =
: B T EE R and branch structures). Spall: Free surface velocity = £ o s : |
\élr?)AbI: — - — ) VS. tlme fOr HDPE g ] T "3» Fused 5Silica Substrate = ) v . :i;’s‘s
“opic | Beam Shaper VGIOCity vs laser ‘ig%ﬁ%ggg&ﬁ%f&nference o § z:: % 560 0 5 10 15 20 25 30 35 0‘0490_50(: ::onsszo 530 540 550 560
PDV 1 % 1 .0'4 g Time (ns Wavelength (nm
SOV SN energy for Al flyers (1) Understand fundamentally the behavior of model ! e—— K e ot (o
Beam-splitter I . . : - - .
SRR —— polymers (e.d., polyethylene) under high strain rate and z ; ; s : :
s =7 BTN = shock loading through gas gun experiments and molecular ! . N T Shock Response of Automotive Materials
indow _ \ . . . Time (ns) ime (ns
‘e ' = 3-Joule laser setup. dynamics simulations. . . . . o
| I S seam VISAR and PDV (2) Develop predictive models of mechanical properties by Leveragmg_ the unique behavior .Of nano sc;ale photonlc_: structures _go [ LUSEnE s WATErEE R o
> R \ Sy . s : : : to create high temporal and spatial resolution diagnostics to study 50 | [ | |
_ velocity measurements utilizing machine learning algorithms. . . i
4_D“V9 . the dynamic response of heterogeneous materials. '
Laser can be easily o _ o1
incorporated into Additively Manufactured Heterogeneous Polymer Composites o |
pean experimental setup. (=Ons (=155ns 1=3061s PET— 0 3 e sm D 1600

3D printing custom-
made Inks results In
precision objects that

undergo mechanical o TH e
testing like shock .
com ?ession o Dual Phase Steels are strain The dynamic behawor of
D , connpect ‘he materia| | 'at€ sensitive. Quasi-static to Magnesium alloys are still
T i 8 operties 1o the high strain rate experiments to ~ not understood. Impact
| | | Binder and ofganic particles . SRSy LR SRR A T RN R _P p ) understand the fracture experlments to
Examples of high time resolution spectroscopy: carbon plasma 300 um U”'C?”te prtocessmg mechanism and characterize understand the effect of
. - - - i | | icti igni — and structure. . - -
specral emission (f), Aluminum eacions durng shock e oo e Gt ot he sensiiy a a funion o Mierostrctre o tef
compression (right). . N . ' o i i mechanical response.
P (right) microstructure will allow process-structure-property linkages to be created. New In-situ strain rate and underlying P

characterization techniques, like X-ray Phase Contrast Imaging, are utilized to make such linkages. microstructures.




