u

) <

The University of Osaka
Institutional Knowledge Archive

Tale Material Model Development for Accurate Analysis
of Cold Spraying Induced Dynamic Plasticity

Author(s) |FE, &

Citation |KFRKZ, 2021, EHIEHX

Version Type

URL https://hdl. handle.net/11094/85409

rights
POEB/BRWERI’H B EFANBEMBERILEEEL -
2, 2XIRKATEOHRBTOENEZ LTV
Note | To EXDIFAECHLEDBEIR, <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#closed”> KR KFEDIEBLEHHRTICD W
K/ TSREI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name ( WANG QIAN )

Material Model Development for Accurate Analysis of Cold Spraying Induced Dynamic
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Abstract of Thesis

Cold spraying (CS) is a solid-state deposition process in which micron-sized particles are consolidated
through extreme deformation caused by supersonic impact to avoid melting-induced drawbacks and retain the
microstructure of feedstock powder. Quantitative CS modeling is imperative to reproduce various CS
phenomena and reveal the related mechanisms. One of the keys to quantifying CS modeling is the material
model. In this dissertation, a new material model, the Ma-Wang (MW) material model, was developed
specifically for CS. This model takes full account of the effects of large-scale strain, full-range strain rate, and
the temperature, allowing to accurately reproduce extreme deformation, grain refinement, and energy
conversion in CS. The thesis consists of the following six chapters.

In Chapter 1, a brief overview of the current status of CS was given. Accordingly, the current challenges
and limitations were outlined to pinpoint the necessity of developing a new material model for CS.

In Chapter 2, a new material model, the MW material model, was developed specifically for CS based on
dislocation dynamics, considering the coupling effects of four terms: strain hardening, normal-range strain rate
hardening, ultra-high strain rate hardening, and thermal softening/hardening. The systematic determination
method of model parameters was described, and the model parameters for two of the most classical CS materials,
pure Cu and Al6061-T6, were identified.

In Chapter 3, the MW material model was embedded into an existing finite element code and applied
directly to CS simulations. The prediction accuracy of this model was verified by comparing the simulated Cu
microparticle deformation morphologies with experimentally observed ones. The influence of each term in this
model was probed separately to reveal that ultra-high strain rate hardening plays a crucial role in CS
deformation behavior, while the occurrence of jetting is largely dependent on thermal softening. In particular,
a phenomenological formula describing grain size evolution was incorporated into the constitutive law of this
model, illustrating that grain refinement in CS was mainly caused by dynamic recrystallization and occurred
near the interface. Additionally, it was determined that temperature has a significant effect on grain refinement.

In Chapter 4, a series of CS simulations utilizing the MW material model was performed for a single Cu
microparticle impacting a Cu substrate. The effects of velocity and temperature were systematically
investigated to elucidate that during CS, the initial kinetic energy of the microparticles is primarily converted
into the deformation energy of the microparticles and the substrate, 99% of which is dissipated via plastic
deformation, while less than 1% is temporarily stored via elastic deformation, and can be eventually recovered
to induce the rebound of the microparticles. This mode of energy conversion is hardly affected by velocity and
temperature. Nevertheless, the increase in velocity and temperature can promote the overall deformation and
local non-uniformity, both of which are beneficial to CS bonding.

In Chapter 5, a series of CS simulations utilizing the MW material model was performed for both
Al6061/sapphire and Al6061/A16061 impact systems. The high accuracy of this model for both impact systems
was fully validated from subsonic to supersonic regimes, highlighting the model universality. In particular, both
impact systems were quantitatively analyzed to elucidate the similarities and differences of supersonic impacts
between identical and dissimilar materials. Most of the kinetic energy is dissipated through plastic deformation,
while a very small amount is released through elastic recovery. Notably, interfacial friction becomes another
important energy dissipation pathway in CS dissimilar materials.

In Chapter 6, this dissertation was concluded, and some suggestions for future work were provided.




kX7
MY BEAEOEBEOEF K OHYE

® 4 ( WANG QIAN )

(i) K %
e iz JBR B
FEMEYE | @ & Bz BRAR BE
Al A& iz KR EA
Bl A WA= ook R
RLBEORROES

AL TIE, BB OBEHRE L D 2 —/L RRAT L— (CS) 7' AHITRAT 5 lmEmEBIEER 7 & OB
NFHFMERBEELS VI ab— 3 T 5720 5 LWOMERE T L Ma—Wang W) $7BHE 7L 2 BE%E Ll Cu & A16061-
WGWS$C‘Té%%%k@ﬁ%%@%ﬁ:XAk%%ﬁ@%%m\ﬁ%@%mﬂL\ﬁﬁﬁé\i*wﬁ—ﬁﬁﬁ

IZHZ2 DB EMAL WD, Kiwslid, LT 6 ENHR D,

F1ETIE, CS SO R L UEEROISHICET 28R EREAZEE L, 23—V P27 L — OB A
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