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ABSTRACT

The present study focus towards understanding the mechanical response of AA2014-
T6 alloy under static, dynamic, and impact loading conditions. Fracture behavior of any
materials can be described by the characteristics like fracture initiation toughness and
propagation toughness, which in turn depends on the strain rate and temperature.
Research effort in this study can be summarized in the following steps. First, the
material was characterized under tension and compression at different strain rates (10°
% to 10° s) and temperatures (25 to 250 °C). Tensile and compression experiments at
low strain rates (10 to 107 s) were performed on conventional UTM equipped with
the thermal heating chamber. High strain rate (>10° s) experiments were carried out
on SHPB (compression) and TSHPB (tension). Material was found to exhibit positive
strain rate sensitivity and negative thermal rate softening for the considered strain rates
and temperatures. Also, the strain hardening rate under compressive ultimate stress was
observed to be higher when compared with the strain hardening rate under compressive
yield stress. However, tensile yield and ultimate stress followed similar profile of strain
hardening rate. Constitutive and fracture model parameters were evaluated to predict
the plastic flow and fracture behavior of this alloy. In the considered constitutive model,
plastic flow stress is the function of strain, strain rate, and temperature while the fracture
strain is the function of stress triaxiality, strain rate and temperature. These parameters

predicted flow stress with minimal error under both tension and compression loading.

Secondly, the fracture initiation and propagation toughness under static and dynamic

loading were determined at a wide temperature range. Static fracture initiation

Xi



toughness was evaluated as per the ASTM E399 standard, while the modified
Hopkinson pressure bar (MHPB) approach was used for dynamic fracture toughness.
Identical pre-cracked three-point bend specimens were used for both static and dynamic
experiments. A non-contact technique, 3D digital image correlation (DIC), was also
used in this study to calculate the crack initiation time and crack mouth opening
displacements, which were then used in determining the fracture characteristics. From
experimental results, it was observed that the values of both dynamic fracture initiation
and propagation toughness are higher as compared to static fracture initiation and
propagation toughness. It was also found that the static fracture initiation toughness
decreases continuously whereas propagation toughness increases with increase in
temperature. Although, dynamic fracture initiation toughness attains the highest value
at room temperature while the dynamic propagation toughness continuously increases
with the increasing temperature. Further, a FE model was developed to incorporate the
material constants and predict the fracture behavior of 3-point bend specimen under
dynamic loading conditions. Numerical results of dynamic experiments found to be

quite similar to the experiment results.

Lastly, the projectile impact experiments were performed on two different thickness
monolithic plates (1 mm and 2 mm thick) and one homo-stacked configuration of 1_1
mm thick plate under blunt and hemispherical impacts. A single-stage gas gun coupled
with ultra-high-speed synchronized cameras were used for this study. Captured images
by the cameras were processed in Vic-3D software to get full-field deformation profile
of the target plates. The experimental study reveals that the perforation of the plate is
strongly influenced by the shape of the projectiles and plate thickness. Radial cracks

were observed around the circumference of perforation hole when impacted by the

xii



hemispherical projectile, while the shear failure was observed in case of the blunt
projectile impact. A numerical simulation of projectile impact experiments was also
performed using Johnson-Cook damage criteria to validate the experiment results. After
comparison it was observed that both the experimental as well as simulations results

are in good agreement with each other.
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LIS

A Sreqgq RRR, fa=ia 3R guTa et fufal & dgd AA2014-T6 Y o1g
&1 i Tfafohdl B THeM R diad | fdt H 9zl & haek agR o haek
TR SR TR B3R St faQiwersit gr1 afofd fasar o evdl 8, S a1/ &
3R AAE W 1R FxaT 81 39 S | Sy YA &1 FufaRad avon o
& fbar o S dl 8 | T U, I &1 fafts a1a &R (10 9 10 Ufd Jbs
) 3R AoHM (25 ¥ 250 f&ft Afcao) R arg 3R Idte & dgd a3 fosar man
g1 yUd BT daR ¥ Yuieid URURS gEed R &8 a9 &2 (104 F 107" Ui
APHS ) W TIdT 3R T yanT fHe 7u| wauadid (@ die) ik duguadie
(@1d) W I a9 R (>10° Ul AHS ) TN fobT M| Irelt 1 drg &% 3R
ATIHM & fo S RIS T & HGARITAd 3R THRIHD Y & ARH Tarid
A & o8 U AT 3P 31T, YUfSd U d-1d & ded a-1d TRed 811 &l &
&I T H AUTS IRY G719 & d8d a1 I 81 DI &R YD ¢! T3 | GTaloh,

I I 3R 3 TG 7 19 Ted B DT &R b THM WH1Ed Bl SHIERU]
forar| 39 iy u1g & w@ifes varg 3R Thaek dgR &1 Hiawat & & forg
TRAAS 3R TR ATSd ATUCS! &I Hedidh foar T 7| faenika daufa

Oied ¥, WIRed YdIg d-1d - d-1d, d-1d &3 3R agaH R AR &ar g wefe
ThareR dH1d - a1 F3refiadr, a1d ax 3R aradH R AR #Rar 81 39 Aucs 3
1a 3R uts AfET 1 & dgd YraH IS & 1Y FaTg d-1d o1 Hiasgaroh ot
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39 7e, Wide 3R i Af$T & dad Pheer Bl TRMAS 3R TER BoRdl
& Te faxgd aoqE i\ W Fuila e T 81 Rifds RS HoRdr &1
T ASTM E399 HTH® & S8R foham T g, Jafer I=fid e grafdhem
URR IR (@HTEUT) 230 BT IugnT TiRitel ThdeR SRl & fore faar mar g |
fRR 3R Tiferiia ST vl & fore wa gd shep 3-uise s Al &1 Iudi fban
T | 39 T H b 3RY B b FHY 3R b HISY U faRimg
UM B3 & oI Th TR-TUh db-iip, 3-8l fefored ofa agdey (Slemsa) o1
i ST o 7 B, Forids 916 391 SUANT ThaeR favivansfi &1 Fuiid & 8
fepar T € 1 Urdiffiep TRl &, 78 < 7 fob Tisiier theer URH® SR UHR
HARAT gl & Hed Wfddh IhaeR RIS 3R TR HARAT B gal | SHfI® g
Tg ot uran T o IuHE H g9fe & 91y Rfde hear RS HERdT IR
glal Odt 8 e IR HERdT dgdl oiat g1 gTaie, Taeid haer URMNS

HORAT FH & YA R IAdH H U FHt g STaids MaLid TR HoRdl
F&d dIHM & 1Y TR Sl 1 5P 3fTaT, I fRRTS &Y fard Hq 3R
Tfaeia difeT fRufaat & aga dfi-uide ds T & ok SqdeR &1 Hiawaroh
HA & T T 3-31 s Hred AR fosar T g1 faRited haer geief &
g uRkoms gaRT gikomdl & St JHH i 1|

3id H, YA THTd TINT &1 S{elT-31elT HICTS Bt A wiel (1 et ofiR 2 faredt
1) 3R 1_1 Forell 71t wie o Ueb BIHI-3Cers ShIT-hTRR TR e 3R gHIRWb R
THTGT & ded T T 81 3 31T & o SreeT-g-wiis Riwgss $i &
Y R TS T 79 &1 ST fooam 71 § | 916 wie! 1 qul-& fasuur tiwera
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TG A b AT BRI GRT &R B 15 Badl Pl f4ep-387 Witkedar # Haied
foma 7| IR Siea § Udl el § o Wie 31 {55 TaW & PR 3R wie
@ HICTs A BB THITAT BT & | SHIPRGS YA ¥ JHIfad 819 | 34 B B
uRfY & T ETd R ¢ T8, Jefh wie VAW UHIG & HES H Hael
fItrerdT 3T 715 | TN & U Y AT R & oY -9 aifd s &1
ST Hb Y& YHTT TN &1 T ST S0+ fooam a1 81 ga &
§1¢ I8 <@ T b TRANTEs® 3R RgaRE aiF! aRomy Th-gar & 91 3/

=T R
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