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Hot Stamping / Press Hardening
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Material Modeling - Standard Approach

Elasto-viscoplastic material model:

B yield stress depends on
effective plastic strain
temperature
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Discussion of Standard Approach

Capabilities

B correct prediction of forming in the austenitic state:
stresses and strains
thinning
forces

B prediction of temperature history in the blank/part

Limits
B prediction of microstructure (phase fractions) and hardness:

only rough estimations based on CCT diagram can be made
not possible for tailored tempering processes

-> only rough estimations of final part properties like strength and
hardness
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Advanced material model for

prediction of phase fractions
and Vickers hardness




Austenite Decomposition Model

B Implemented model is based on the work of P. Akerstrom

B Rate equation for diffusion-controlled transformation of austenite to
bainite, ferrite and pearlite as proposed by Kirkaldy et al.

Fg - Fr;-Fx; Fc, L=1pb

chemical
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Austenite Decomposition Model

B Transformation of austenite to ferrite

ax

o — [20.5(6—1)] . [(Tst,f _T) e RT] le3(1 Xf)(l Xf)B ] FCf
\

) \ J \ J
| | |

FG FT,f FX}f

Fg,r =[59.6Mn + 1.45Ni + 67.7Cr + 244Mo + K;B] '

T p = 1185 — 203VC — 15.2Ni + 44.75i + 104V + 31.5Mo + 13.1W
—30Mn — 11Cr — 20Cu + 700P + 400Al + 1204s + 400Ti
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Austenite Decomposition Model

B Transformation of austenite to pearlite

X,

— [205(6 1)] [(Tstp_T) . D [X 3(1 Xp)(1 X )3Xp] Feop

| | |
Fg F T,p Fy D

Fe., =[1.79 + 5.42(Cr + Mo + 4MoNi + K,B)| ™"

_[ 1 4 _0.01Cr+0.52Mo -1
exp(—Q,/RT) =~ exp(-1.34Q,/RT)

Tsep =996 — 10.7Mn — 16.9Ni + 295( + 16.9Cr + 2904s + 6.4W
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Austenite Decomposition Model

B Transformation of austenite to bainite

dX,

2 2
0] X307 (1 - x,)30

[205(6 1)] [(Tstb_T) . e RT

dt exp(C.X,?)

\ J |\ J L

| | |
Fg Frp Fxp
C,=19C+ 25Mn+09Ni + 1.7Cr + 4Mo — 2.6

F¢ » =[0.0001(2.34 + 10.1C + 3.8Cr + 19M0)]™*

Tsep = 929 — 58C — 35Mn — 758i — 15Ni — 34Cr — 41Mo
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Austenite Decomposition Model

B Diffusionless transformation of austenite to martensite is modeled
with Koistinen-Marburger equation:

Xm =%, [1— e‘“(Tst»m_T)]

Tsem = 834 — 474C — 33Mn — 17Ni — 17Cr — 21Mo
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Prediction of Vickers Hardness

B Empirical model form Maynier et al.

HV = (x¢ + xp ) HV; 1y + X, HVy + X HVy,

HVi,p =42 + 223C + 535i + 30Mn + 12.6Ni + 7Cr + 19Mo

. . dT973
+(10 — 1951 + 4Ni + 8Cr +130V) lg | —

HV, = =323 + 185C + 330Si + 153Mn + 65Ni + 144Cr + 191Mo

. . dT973
+ (89 + 53C — 555i — 22Mn — 10Ni — 20Cr — 33M0) lg | —>

dT.
HV,, = 127C + 949 + 27Si + 11Mn + 8Ni + 16Cr + 21lg ( d9t73>
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Constitutive Modelling

B Additive decomposition of total strain increment Ag;;:

AEij = Agel,ij + Agth,ij + Agpl,ij + Agtp,ij

B Leblond Model distinguishes two cases:

1. Global yield: von Mises yield criterion with isotropic hardening

oy = Z xin,i(epl,i, Eply T) L=y, f,p,bm

i
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Constitutive Modelling

2. Local Yield: Transformation Induced Plasticity (TRIP):

3A&tp 1R ( ) zIn(z)

Uy,y(gpl,y' Epls T)

Etp,ij =

A -5 difference in compactness between austenite and other phase
z. total amount of harder phase

oy, (&p1,): actual yield stress of austenite
( )
1 if —

h(aiy)=< _ J_y
1+35<—--> 2>

\ Oy

<

N = N =
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Simulated CCT-Diagram
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Simulated vs measured CCT-Diagram
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Simulated vs measured CCT-Diagram

tg/5 Simulation Data from CCT
tg;s = 1.0 s T, = 100 % T == 100 %
HV = 490 HV ~ 471
tg); =120s |z, =91.6% r,, & 90 %
Ty, =T.9 % Ty ~ 10 %
ry=03% 0%
r,=02% r, ~ 0%
HV = 453 HV =~ 428
tgs =310s |zpm=246% T == 24 %
ry, = 71.4% Ty =~ 72 %
ry=32% rr~4%
r, = 0.8 % T, =~ 0%
HV =315 HV =~ 250
tgs = 050.0s | zy =79.5% rr ~ 80 %
r, =20.5% r, ~ 20 %
HV =168 HV = 156
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Recent Enhancements




Modified Start Temperatures

B User-defined start temperatures for phase transformations
B Increase of martensite start temperature due to applied stress

200 T - ' T ' T , T
Tstm = Istmo T Ms' (U)Ge - ey = 8.9 MPa/K
) ) lg q ! M Nilj‘f‘ 317 MPﬂIK
-y *
g 100 :
¥ & X, =28 MPa
. 0 ©
3 |
o U | @ Shearstress
& O Tensile stress
5:“' -100 - mD TI Compressive stress
eyt = ~14.9 MPa/K
=200 : ) ) 1 . 1 ; | :
300 350 400 450 500 550

Temperature T [K]

Source: Antretter et al.: The thermo-mechanical response to a general load path of a martensitically transforming steel
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Effect of Deformation of Austenite

B Accelerated phase transformation due to plastic deformation of
austenite

900 i QR,i(gpl,y) = Qpgi * Ci(gpl,y) i
NS - s [ f> ;

Fry= (Tst,f — T) exp <_T
Qrop) |
— (Tst’p — T)Bexp (— %) i
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Tailored Tempering

M B-Pillar with different final properties (PhD Thesis P. Feuser, Daimler AG)

MAT_WARM!1 B MAT_KALT
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Tempering Option for Hardness Calculation

1. Automatic detection of holding phase

| < Tcrit and tth?"BSh > tsampling

2. Incremental update for hardness of bainite and martensite

n+l _ n n xl?H_l B Zl :
HV, ——HY, T h(T) i=bm
l l

X

Blank Temperature
1000
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Tempering Option for Hardness Calculation

Tailored Tempering Validation
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Thank you for your attention!




