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/ Introduction
/

74 Dynamic metallic plate puncture problems are of interest in many applications

‘4

They are demanding on the elastic-plastic and ductile failure models in FEAs.
« Temperature and rate dependencies may need to be addressed
« Tensile-dominated and shear-dominated failure modes can be activated

« Possible sensitivity to element size




P / Objectives

« (Conduct calibrations of thermal-mechanical material models

« Validate their application in FE simulations of plate puncture experiments:
o Threshold puncture velocity (or energy)
o Mode of puncture

o Acceleration histories




/ Al 7075-T651Plate Puncture Experiments

y

Fixed Variable
m = 139 kg tpl = 12.7 mm, d,, = 12.7 mm, hemispherical nose
Dpr = 171 mm to=1,1.6,2,3.2,4.8 mm, d,, = 25.4 mm, flat nose
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/ Experimental Puncture Results (12.7 mm plate)

‘Scratch”

Crack

(@) t=1.8ms

@ Breach
33 533 5 435

2

2.2

3 5 5

S e'oan I'oan 2 1 Zum Saem ou

28 3 32 34 36
>y, (M)




Y

Plasticity Model Calibration

J, Yield Function with Isotropic Hardening:

_ - _ . 3
f (O-ija €p7 T, 5p) = ¢ (Uij) — Oy (€p, T, €p) ¢(0-7;j) — \/232']'3723'
Flow Rule: v 96
T e
1]
Hardening Function:
= = _o\n(T) gp
oy (&7, T,&) = |oy (T) + A(T) (€7 } 1+ C(T)n -
Adiabatic Heating:
BgrQ [t Hep
T (t) ="1T(0)+ O—dt

pcp Jo = OT




Al 7075-T651
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Values at 20 °C

p,kg/m3 FE GPa v ¢, J/kgK pI¢

2810 71.7 0.33 960 0.7
oy, MPa A, MPa n C, Eo, 1/
517 405 0.41 0.008 1.6x10~%

Table of
Function
Values

Al 7075-T651
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e e

0.1

0.2

—>» €
oo (T n
T,"C #20)) A wE oo
20 1.0 10 1.0 1.0
100 101 08 15 1.0
150 089 075 22 1.0
200 0.66 0.3 244 1.33
250 032 0.0 244 40
75 0.0 0.0 244 133
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Ductile Failure Model (One-way coupling to plasticity)

1 [F .
D= / Wy () ws (0) ws (E7) wy (T) d2P
0
1 “ So 89 Wilkins
w1 = (1_%> sz(Q_A)B/ A:maX (g,g) Model
1 1
ws (€7) wy (T) =
T—T,,
1—|_D41n 1_|_D5T melt — CZ—‘fref

B, GPa « g D Dy Ds  Tpet, ©C Tier, ° C
2.07 4.1 0.6 0.3 -0.039 22.6 750 20
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Ductile Failure Model Calibration: QS Notched Tension Tests
/i
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Ductile Failure Model Calibration: QS Shear Dominated Tests
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Results (12.7 mm Plates)

Time = 0.002900

100

- X X X X Q
- E Exp. Average
X

v Upper Estimate
& Lower Estimate
L o Crater Erosion
0 20 40 60 80 100
e Nt
Experiment
= = -« Simulation
N, =25
el iy e
! i i
0 2 4 8




et

1.7.mm 1.0 mm | 10° Wedge Model

Assume axisymmetry up to failure. In-plane crack propagation not considered




// Thin Plates - Comparison of Measured and Predicted Puncture
Speed Brackets

74

/ Uﬂ 25
(M/S) | AL 7075 T651 T
180° wedge for 4.8, 3.2 and 2.0 mm thick p 35,10
10° wedge for 2.0 1.7 1.0 thick iI
I Experiment
2 I Analysis l
Basic Plastic Properties (% difference wrt 12.7 mm) 9 |
4.5.10
t, mm o, MPa o,, MPa ¢y (%) 1 I
1 490 (-11)  564(-9) 2 (1) I 8510
1.6 517 (-6) 588 (-5) 12 7 (5) 3510
2 518 (-6) 583 (-6) 11.4 (-6) 05+
3.2 501 (-9) 571 (-8) 129 (7) .
4.8 495 (-10) 571 (-8)  12.3 (2)
12.7 551 618 12.1 "
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/" Thin Plates - Acceleration

Histories Comparisons
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/ Progression of Damage t =2 mm
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P/ Thin Plates: Damage at Failure (N, = 5)
4
>

damage 3 damage 5 damage
I 1.00 I 1.000e+00 I 1.000e+00
0.75 . 7.500e-01 - 7.500e-01
0.50 i 5.000e-01 i 5.000e-01 i
0.25 2.500e-01 2.500e-01
0.00 3 2 I I I | I I 0.000e+00 2 O | | I | I I 0.000e+00

; : damage
damage I 1.000e+00
1.000e+00 . 7.500e-01
1 . 7.500e-01 5.000e-01 i
5.000e-01 2.500e-01
2.500e-01 i 0.000e+00
0.0002+00 /I O m

1.7 mm
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Conclusions

» Thermal-mechanical plasticity and ductile failure model calibrations for finite element simulation
of Al 7075-T651 plate puncture of various thicknesses

« Assumption of axisymmetry was not representative for thick plates, but it was so for thinner plates

« Predictions for the threshold puncture punch velocity and punch acceleration histories agree
reasonably well with experiments

« Not very strong element size sensitivity within the ranges studied, especially for thinner plates

 Thick plates that fail by plugging suffer from considerable temperature increases and high strain rates,
not so thinner plates

« (alibrated plasticity and ductile failure models were appropriate for the applications at hand.




/ Damage Levels
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Calibration of '@
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INPUT
Experiment Simulations
di,i=1,6 {&,01,02,03}, 1

Calibration Parameters

:1,6 {61,...,€N}i,i:1,6

{aminv ®max A(X}
{Bmina Bmaxa A/B}
{ cr per AD}

min?’ " max?

Failure Model Calibration procedure

PREREQUISITE CALCULATIONS

S2 82
A=max | —,—
S3 57

TABULATION

for o = amin 10 amax increment Aa do:
for £ = Pmin t0 Bmax increment AS do:
for D" = DS, to DI increment AD" do:
for i = 1 to 6 increment 1 do:
for k=1 to N increment 1 do:

1 [
Dk = Der /O W1 Wa déb

Find e; with lowest dj, when D), = 1

E; =d; —d;
6

E=> E}
1=1

Tabulate {F, a, 5, D", other diagnostics}




" Histories at First Failure Location
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’ Effects of Selected Parameters
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_// State Variables Just Prior to Failure (12.7 and 4.8 mm)

Time = 0.003200

Tamg (K)

31188

1 108.41
and a4
i ay

268 00

EQPS_Rate

10000000
P 750000
S00.000

Time = 0.003200 T

TRIAXIALITY

EQPS Rate

20,00

15.00

10.00

500

Lode_Angle 000
1.047e=00
T.B54p-01
5. 256e=01
2.6818e-01
0.000e=00




