WY-AY amio [¥ 6 loid /1Y o590 [1F+Y Jlo /Lo L g baojlu Salo

TR
fuC}fubyL«@’//

. s
- L]
et siref DOL: 10.22044/JSFM.2023.12483.3677 bos B
3970 i o&b

$6 59057 w35 b1 er poningdT SLIT (Swigdcciuw g by sl yielyly (b amasino
WMy Jlw 55 S9umo 1321 (g 5lwdanld 9 (Sig )9,
"9l ol o g SYLET Lo
Ol 2! ol crng QLGS (it SIS (SilSo uititee 0355 (655 (Sl

Ol 2] gyl cdnog 5l olELINS ( cwiigeo 0uSLAGIS (S0 ( wiigo 09,5 ‘,L,...ﬁ..ilo'
VY018 0 Gl g, VF YV 26,050 2,b V2V AN A icdl o & )6 o F Loy clilooly

oS

2l Slslone o 00l Jaa lsied il cirogs (sl o5 sila bl (Saishicus 5 ol 5l Slie Jliwy S g (SilSe gy
5 0ge3l S5 b candllas ol 50 i o (g 3lwooly atmnodly Jliy S 05 Sy 50 (Sigdous 5 ol byl wgae
Voo peieagd ST (Saighosin 5 ol lo ol samn dimmadly Sl ;5 sg00me 321 (s5loand 5 (0025 (Sis )93
podly Jli 5 500 12l (3lotnd 5 (225 6 )57manSE (IS (g5l GH,S-05 lasimie dlie L Niad el
2 SWhasl cope Sl mizmen wiad (rtliel gl il lo el (Jluw S (b g Jluw ST sladoe 59, 2 soman
& sl pedes (25 sl el )y (1) 457 ol i dalllas ol ol (285 )18 Comid j0 (Swisdiion 5 ol sle el s
Sosslcusay lmlr )l (somie (D) 13yl )l 2Tao L 1) Cotio (Siad (25t ol & L3l 15 5 020 (530 GH5
@7 (S9,98 5 sl 4 i T 100 (i sl I endi plhaatie byl b (Faig)s b 5l ool siluans
S Canglin g ekt (55 GBS Ul ez S BB jsboas oad pbaasie gla el (1) soel (K258 Ges Sl
Jo ol 5l Sl S ke sl TAYIFE 570 - VA 5 Sl ;S5 Joko glys 70 ¥+ 9 TVIF o o sllas by i s |y ol

enlmails o (5 gz 5l o o ghaasiia sl el <8 (s S Ly Jaa 0wk 45 550 iledue e

Characterization of Flow and Hardening Parameters of 1100 Aluminium Alloy by
Combining Nanoindentation Test and Crystal Plasticity Finite Element Simulation

Ali Aghabalaeivahid!*, Vali Alimirzaloo?
1 Ph.D. Student, Department of Mechanical Engineering, Faculty of Engineering, Urmia University, Urmia, Iran
2 Assoc. Prof., Department of Mechanical Engineering, Faculty of Engineering, Urmia University, Urmia, Iran

Abstract

The mechanical response of crystalline materials is affected by the flow and hardening of dislocations; that
to describe them as a material model in finite element calculations, the flow and hardening parameters are
implemented in the crystal plasticity code. In the present study, flow and hardening parameters for 1100
aluminium alloy were characterized by combining the experimental nanoindentation test and 3D crystal
plasticity finite element simulations. Extracted parameters were validated by comparing the stress-strain
curves of the experimental uniaxial tensile test and simulation of 3D crystal plasticity finite element on
single crystal and polycrystal models. Also, the effect of the friction coefficient in determining the flow and
hardening parameters was discussed. The results of this study showed that (i) parameters of initial yield
stress, reference shear strain rate, and saturation stress, respectively, had the highest positive correlation
with the maximum load; (ii) the load-displacement curve obtained from the simulation of the
nanoindentation test using the characterized parameters has a relative error of 0.50% compared to the
experimental nanoindentation test at the maximum indentation depth; (iii) The characterized parameters
significantly can estimate the yield stress and ultimate tensile strength with a relative error of 2.60% and
0.20% for the single crystal model and 10.18% and 12.44% for the polycrystal model, respectively.
However, while accurately modeling the yield zone in the polycrystal model, the accuracy of the
characterized parameters is affected by the grain boundary orientation.

Keywords: Flow and Hardening Parameters; Finite Element Method; Crystal Plasticity; Nanoindentation;
1100 Aluminium Alloy.
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