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INTRODUCTION - DUCTILE FAILURE, FLC AND FLD

n
FLDo = 5= (23.3 + 14.1),n < 0.21

NADDRG Equation [Keeler, 1977]

FLC, FFLC [li et al. 2010 1JPT]
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INTRODUCTION - FLC & AHSS AT ROOM TEMPERATURE
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INTRODUCTION - FLCS OF BORON STEEL AT HOT
STAMPING TEMPERATURES

=Table 1 A summary of several Nakajima tests on Boron steel

=R Source T(°C) | Punchspeed | Thickness | Sample width | Failure | Thermal
£ 700°C (mm/s) (mm) (mm) condition
2 Bariani et al. 600 10 1.5 n/a Necking / Iso
: 2008 fracture
prmen srin | Pellegrini et al. 600 8.3-10 1.5,1.75 n/a Necking/ Iso
™ 2009 fracture
04 03 02 0': 00 01 02 03 04 05 06 07 08 Min et al 2010 780-813 30 n/a 20-180 Mal'glnal Iso
Migor strain at fracture
[Zhou et al. 2017 IJMS] Lietal 2014 | 600-800 30 14.1.6,1.8 20-180 Fracture Tso
> Cuietal. 2015 400-900 10 1.5 20-180 Necking/ Iso
| ‘ N : fracture ?
Wi . W |4 Shi et al. 2016 600-800 n/a 2.0 20-180 Necking Iso
=, ‘ Georgiadis et 650 50 0.5, 0.8, 30-210 Fracture? Non-iso
al. 2017 1.25
© Zhou et al. 600-800 | 0.667/1.334 2.0 20-180 Marginal iso
2017 and
critical of
necking
g 2 the presented forming limits are assumed at necking due to the safety margin (20%) given
& ; / | relatively to limit strains at fracture

Dome test withemerature control
[Bariani et al. CIRP 2008]




A DUCTILE FAILURE CRITERION

Critical damage is a function of strain path

[Benzerga and Leblond 2010, Tasan et al.2009,
Janilier and Schmitt 1982]

_.- [McClintock 1968]
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Thickness [Keeler and Brazier 1977,
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Raghavan 1995, Suh et al. 2010, Dilmec ’_,-"/ P .
et al. 2013] - UT \'\\
T
A 0, p7<p PSH -> UT =
)PP ur o
14pUT I1<p<p

n stress triaxiality, & Neffective strain at localized necking, t, initial sheet thickness,

p ratio of incremental minor strain to major strain, isotropic yielding, the critical
damage in uniaxial tension pUT — e (ty,—0.5)

cri 3

[Sheng and Mallick 2017 1JMS, 2018 SAE [JMM]




AN IMPROVED ZENER-HOLLOMON PARAMETER

600+

Exponential strain rate sensitivity factor s is introduced o
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Q — activation energy;
R — gas constant;
T — absolute temperature [Jang et al. 2009]

S — strain rate sensitivity factor
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Z' — DFC AND PREDICTION OF FLCs

f(tg, P)DVT (t0,2') = [5 P2 hzryn de

cri 0

Plane stress and linear strain path assumption, Major limit strain at UT,

effect function at PS and EBT: ( (In(Z")?)
er(ty,—05,2)) [4Y" BYT  ¢cUT pUT EUT FUT ]| InZ
g(to, pPS 7 &} = APS  BPS cPS pPS [EPS [EPS ) t12 \
g(to, pEBT, 7" _ AEBT  pEBT  ~EBT pEBT  p[EBT FEBT_ t(())
\(In(Z"))¢ty)

8{"(1:0, ,0; Z’)
el(t0,0,Z") + (1.414p — 0.414p2) (el (t9, 1,Z") — €l1(t(,0,2)),0 < p < 1
e (t,0,Z") — 2p(et(ty,—0.5,Z") — el'(t0,0,Z2)),—0.5< p <0




PREDICTION OF FLC AT ROOM TEMPERATURE

Major limit strain at UT, effect function at PS and EBT
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PREDICT THE FLCS FOR 3RD GEN 980
__
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PREDICTION OF FLCS FOR BORON STEEL AT
HOT STAMPING TEMPERATURES

I T T - T -

0.002 —0.146 2909 -0.296 1.467 —0.009
0.002 —0.174 3.099 —0.630 1.288 0.023

0.002 —0.235 12.807 1.302 —7.196 0.066

Based on test data from [Zhou et al. 2017, Cui et al. 2015, Shi et al. 2016]
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PREDICTION OF FLCS FOR BORON STEEL AT
HOT STAMPING TEMPERATURES
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Figure 1 FL.Cs of a) 1 4mm thick: b) 1 Smm thick: ¢) 2.0mm thick boron steel predicted by present model (solid line)
plotted against expenimental measurement (rectangular marker) at hot stamping temperatures of 600°C, 700°C and
800°C*

*: experimental data of 1 4mm thick, 1 5>mm thick and .2 Omm thick 1s from [6, 16, 5]




PREDICTING FAILURE IN HOT STAMPING FEM
SIMULATION

1=1+1
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MODELING ISOTHERMAL DOME TEST

True stress (MPa)
N
8

g

Blank holder L

0 0.1 0.2 0.3 0.4 0.5 0.6
» True strain
Punch B L g
a. b. p 1/P
Figure 2 FEM model of the Nakajima dome test (a) tooling setup, (b) coupon with length &
(L) of 180mm and width (W) ranging from 20 to 180mm with an interval of 20mm




RESULTS GDIS
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ONE RELATED ISSUE - USING FLD
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USING FLD

FLD at mid layer
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CONCLUSIONS AND DISCUSSION

Consistency, simplicity, cost saving
This may make it a practical way to model FLC for 3" GEN.
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