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CVi About ESI

get it right®

Provider of Virtual Prototyping for the Industrial World

Auid dynamics electromagnetism multiphysics
welding &

heat tzm"i ‘@’ @ % vrhrégc;sr.cs

_ simulation
systems
integration

casting
[\ 7777 (g W -
sheat - dynamics
metal forming ccmpasites crash, impact comfort
B plastics & safety

ESI is a world leading software editor for the numerical simulation of prototype
and manufacturing process engineering in applied mechanics.

www.esi-group.com : :
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* Headguarters

* Subudiariec

* Apents and ditnbutors

Paris, France

www.esi-group.com

Eschborn, Germany

ESI Worldwide Operations

= Presentin more
than 30 countries

* SRR = 15 subsidiaries
TR o c A = Average
S “ Headcount:
750 people

Tokyo, Japan

=

Pilsen, Czech Republic San Diego, CA, USA Beijing, China

N

e N
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e : Car crash trends

get it right®

= The objective of the crash test in recent years has

always been:
W W W W W

= Traditionally, this has been achieved by building
stronger & stiffer cars - which has inevitably lead to
the production of heavier cars over the past 20 years

kg
1,400

1,200 -
1,000 -

800 4
500 4
400
200

1]

‘96 '51 's& '61 ‘A6 'F1 '76 '8l '@s '91 '9s '01 'O6
—_—fyerage
Source: CBS
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GJi Reqguirements to lower CQO?
get it rightZ emissions and fuel consumption

. . Global Fossil Carbon Emissions i

e EUU Commission fo _ TOtal ...................................................................................... mmﬁ
requ irement: T — zf,:fieum .......................................................... 6000 %_
Average carbon Y i o PSR i S
dioxide emissions Of ................................................................................................................... mgé
the vehicles produced | /a0
in2012tobenomore | A -
than 120 g/km

1800 1850 1900 1950 2004

Source: Wikimedia commons

www.esi-group.com ) )
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= |ncrease safety and

reduce weight o
- Conflicting o=
requirements! .

50

= The challenge:

- How to increase a
vehicle’s safety &
reduce its weight?

Contradictory requirements!

RELATIONSHIPS BETWEEN VEHICLE WEIGHT
AND DRIVER DEATHS AND FUEL CONSUMPTION

el cansamplion

driwer death ratas
In 5UVs end pickups

Iriver desth rafes im
sars, mielvans, and
station wagans

2,200 P d.200 3,10 4,200 4,1al
veficle weight [pourds)

Source: Insurance institute for highway safety

www.esi-group.com
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_—

s

Yield Strength

One solution is Hotforming

<+ (MPa)
400 Hot-stamped
1300 T “Boron steels”

4 70,00
1200
1100 T 60,00
1000 T 50,00
90 T Z 40,00

—_ [}
800 - 3

1 Trip Steels Martensitic Steels S 30,00
700 Multiphase Steels 20,00
600 T

1 Dua 10,00
500

4 0,00
400
300 T v@@

L L L L L L L L L L
T T T T 1 T T T T T 1 1 1
300 500 700 1100 1300 1500 1700

Ultimate Tensile Strength (MPa)

Ultimate bending force for the same thickness (1.5mm)

3 Point Bending Test at 29Km/Hr (10KJ)

Gives increased strength and crash performance, whilst saving weight!

www.esi-group.com

Source: ArcelorMittal
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e\n Virtual Prototyping
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i T MY SO ] o TR T L O B T | e
B ER Yww Peet Bsam Cpes Son Dreevyg ol g ﬂ'-lh- .
LT TETEY CAGim e ey
IMIEEmMZ * raxcy =% Egvce ety Tirspewy . Ces o s

.:'%:I. ‘
r i £ -

E.g. changing from conventional to hotformed B-pillar, will change the
manufacturing and the crash performance. The virtual manufacturing will
influence the virtual performance of the car!

www.esi-group.com : :
Copyright © ESI Group, 2010. All rights reserved.



CJ/i Performance evaluation under
get it right® different criteria:

Lateral Crash

“ Simulation is key to our project development process. PAM-CRASH
allows us to identify not only the behavior of standard vehicle definition
but also the probability to improve our crash performance and to build
virtually every element that has an impact on our decision-making.”
Eric Duguet, CAE Body-in-White Manager, Renault Group.

Frontal Crash

www.esi-group.com : :
Copyright © ESI Group, 2010. All rights reserved.
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10N

Ing simulati

2 quench

www.esi-group.com
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e\n Simulation overview
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TOOL THERMAL
BEHAVIOR

heat transfer
& temperature

7

FORMING
SIMULATION

..

fluid flow &
temperature

COOLING SYSTEM
DETAILING

PHASE CHANGE
SIMULATION

Courtesy of TU Graz

www.esi-group.com : :
Copyright © ESI Group, 2010. All rights reserved.



eﬁ . Complexity overview of the
get it right? hotforming process

Phase dependent Structural
Metallurgy material propertles Mechanics
Strain Induced

J-r'
transformation

Phase dependent Thermal BC resulting from

thermal properties structural deformation
L Heat Transfer J
Temperature Thermal
induced phase expansion

transformation

Heat fluxes Temperature
dependent
fluid properties

Fluid
Dynamic

> The stamping engineer is confronted with several new areas where he
has to have a high level of knowledge to get the process right.

www.esi-group.com : :
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e : Hotforming sample “B-pillar”
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e Comparison hotforming vs. normal stamping

Courtesy of: AP&T

www.esi-group.com — :
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e\n Hotforming sample “B-pillar”

get it right®

e« Normal stamping

= Material trip steel

e Thickness 1.6 mm

= Blank at room temperature

= Tools at room temperature S e

(15}

B leme I~a leea |

I T T T T T T T T T T T T T T
1} 01 02 03 04 05 06 07 08 08 1 1.1 12 13 14

www.esi-group.com : :
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= Hotforming

www.esi-group.com

Material boron steel
Thickness 1.6 mm

Blank initial temp = 800°
Tools imposed temp = 200°

Temperature dependent
material data:

Hotforming sample “B-pillar”

—— !____,_.-__J-""
T L
Hardening_at_100°C - ________,.....----""""'"_
Hardening_at_400°C — —
Fardening o _900C | "] el
// __,,//
e /
//
P
/
/,//
f//
/ // N T et
// ]
/ /f
[ -
A T
I
/ _..r'""f
yadd i
1
||||||||||||||||||||||||||||||
0 0.1 0.2 0.3 04 05 0.6 0.7 08 039 1 1.1 1.2 1.3 1.4
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Hotforming sample “B-pillar”

e LD - rupture

070919_version_1_01_Holding:1

FLD (strain} - Rupture risk - Membrane - FLC‘ Eﬁtﬁsb Jﬂ.ﬂgimrSi""JJLH"mi“g' Project '“7“919,l"3f5iﬂ", _01_Holding*
0AT4660 k- % Module 'State 2/end : Prog. 54.001 359’ ‘ Module *State 2/end : Prog. = 154.001359"
0.055170

064319
-0.133809

3
iy,
+
+:‘ILI] based orvstrairls,
lembrane fibier

Cold

o e e vomorne g2 I e oo T

0.470000 Fiembrane fiber
0.051420

067143
0485714

Hot
- APRT

Courtesy of
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AP&T Tooling Solutions
Process & Die concept for Hot Forming

B-pillar Part Die
Design

Quick
Evaluation

Validation &

Quality Control

Quick evaluation

Tool
Manufacturing /

Testing

www.esi-group.com
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e | Hotforming sample “B-pillar”
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e Stages: holding, stamping, quenching

Nodal temperature Project 'bpillarFULL-usibor*
Module "State 1/1 : Prog. = 0.000000"

200.00
181.25

y 162.50
143.75
125.00
106.25

87.50

£

68.75
50.00

Min = -8.99
Max = 689.71

Temperature distribution on tool surface
Courtesy of: AP&T

www.esl-group.com



e | Hotforming sample “B-pillar”

get it right®

= Stages: holding, stamping, quenching

Project bpillarFULL-usibor’
Module "State 1/1 : Prog. = 0.000000"
900.00 B

825.00

750.00
675.00
600.00
525.00
450.00

375.00
300.00

Nodal temperature

Min = -16.13
Max = 932.58

Temperature distribution on blank surface
Courtesy of: AP&T

www.esl-group.com
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CJ/i Critical issue
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= Critical Issue: Heat Transfer Control
= [ffectiveness of process controlled by cooling curve:

900
800f i\ 2
; Eutectoid temperature
T00F : \ p e —————— T 14
S 600 y 88 &
Qo 38 ©
< B
£ 500 H40 8
g =
o. 400 B 42 T
5 z
3 3
300 152 =
200 —57
100 t 66
| Ideal cooling curve | M
0 I T pay

10? 10° 10¢ 10* 108
Time (s)

www.esi-group.com : :
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e\n Phase transformations

get it right®

= Control of heat transfer:
= Cooling system embedded in die

= Effectiveness of heat transfer (design of cooling system and flow
rate)

= Duration of hardening phase inside tools
= Heat capacity of tools
= Heat path (thermal contact between blank and tools)

www.esi-group.com ) )
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get it ,.ighlt® Phase transformations

0.6370683 0.020765

0.998857

0.546071 0.017799

0.906787

martensite

Y

austenite

Y

0.455060 0.014832

0.814717

0.363043 0.011866

0.722647

0.273036 0.005399
0.630577

0182024 0.005933
I8 0.091012 0.002966
0446436 0.000000 0.000000
0354366 Min = 0.000000 Min = 0.000000

Max = 0.637033 Max = 0.020765

Min = 0.354366
Max = 0.998857

www.esi-group.com Copyright © ESI Group, 2010. All rights reserved.



e J Phase transformations
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Proportion of
austenitic phase

www.esl-group.com
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Ada: ‘ Store ‘ Delete

Groups #Tot  Length
B EDGE_SET 3

= m,
72 EDGE_SET 20 50,000
#3 EDGE_SET 36 15.000

iXImn 0000e+002, Xmax = 1.510000e+002 ‘l -
Ymin 3596e+002, Ymax = 8 876404e+002 |
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= Geometrical description in MeshCAST
= Red lines — geometry of the part
= \White lines — geometry added in Meshcast
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e ' Contained in the geometry:

get it right®

= Jpper tool = planket

= | ower tool = Cooling lines

www.esl-group.com
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FEM mesh
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e 390’000 tetraeder elements

= 15’000 wedge elements (blanket)

www.esi-group.com

29




e\n Boundary conditions
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= Process parameter:
= |nitial blank temperatur 850 °C
= |nitial tool temperatur 25 °C
= Cycle time: 30 sec
= The tool is 20 sec closed and then open for 10 sec

= Contact blank — tool: 5000 W/m?K
= Tool contact to air: 3.6 W/m?K, air temperature 20 °C
= Cooling lines: 4700 W/m?K, water temperature 20 °C

BC from: Method for optimizing the cooling design of hot stamping tools; Steinbeiss, So,
Michelitsch, Hoffmann; Prod. Eng. Res. Devel. (2007) 1:149-155

www.esi-group.com ) )
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] Tooling temperature after 10
get it right® cycles

Temperature [C] mouldfinal Step / Time Step = 1540 /8.996¢-002 Temperature [C] mouldfinal Step / Time Step  : 1540 / 8.996¢-002
Total Time +299.9995 sec Total Time +299.9995 sec
Cycle Time / Cycle : 20.9995 / 10 Cycle Time / Cycle : 20.9995 /10

ProCAST ProCAST

www.esi-group.com : :
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Heating of the tool at different
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Cooling in the 11 cycle

Temperature [C] mouldfinal Step / Time Step :35/1.000e001
Total Time : 0.2500 sec
Cycle Time / Cycle : 0.2500 /1

500.0
I 470.0
440.0
ann THa #0.0

380.0

350.0

3200

290.0

260.0

= ProCAST

X

Tlig = Martensite start temperature, Tsol = Martensite end temperature

33
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cooling_rate

200.0

186.7

173.3

160.0

146.7

133.3

120.0

106.7

mouldfinal

Cooling rate [°C/sec]

Step / Time Step :0/1.000e 002
Total Time : 0.0000 sec
Cycle Time / Cycle : 0.0000 / 1

ProCAST

Cooling rate during Martensite formation

www.esi-group.com
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Simulation of cooling liquid flow with CFD
software

WWW.GSl'grOU p°com Copyright © ESI Group, 2010. All rights reserved.



e | Hot Stamping Process overview
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275

= R MM
a = ¥ ¥

Temperature [°C]
2

125

100

75

50

“o 2 4 8 ] 10 12 14 18 Tin-:: [5] 20 22 24 28 28 30 32 34 L
stamping cooling = steady state after 6 to 7 sheets

Courtesy of TU Graz
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sot it ,,ighlt® Cooling sample
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e Cooling Liquid
= \Water
= 50 |/min

= |nlettemp.: 27°C
= \Nork piece

= |nitial Temperature: 800°C
= Die

= Steel

= Quter walls: Adiabatic

Geometry & Boundary Conditions

Inlet side:
Bl flowwr, pressure,
temp in all channels

www.esi-group.com
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e ' | Grid
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e ] 118 746 Polyhedral cells
e« Multidomain grid
= Solid
e Fuid

www.esl-group.com



e : Temperature Distribution
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= Near cooling channel inlets

X

T — degK
83z.1

EDO
750
700

& B50—|

G000 —

5504

5oal
450
400 —
352:I
30
E 300
I}

a

JiIESI GROUP

www.esi-group.com T :
Copyright © ESI Group, 2010. All rights reserved.



e\n Temperature Distribution
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= (Centre plane
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e\n Temperature Distribution
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= Near cooling channel outlets

X

1 Group

www.esi-group.com : :
Copyright © ESI Group, 2010. All rights reserved.



e ! Heat Flux on Work Piece
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Woll_Heat_Cond_Flux — W/m™2
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eﬁ Hotforming, Virtual Manufacturing
get it rights & Virtual Prototyping

= Designing and manufacturing hotformed parts is significantly
more complex than the job of designing and manufacturing
normal stamped parts.

= Cooling simulation can be coupled or done separately depending
on required level of accuracy

= The part manufacturing can be tested virtually, resulting in:
= thickness variations
= stresses
= strains
= phase changes

= These phase changes are important for the part performance in
the final crash simulation.

www.esi-group.com ) )
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Makes sense
to couple

www.esi-group.com

Complexity overview of the
hotforming process

Structural
Mechanics

Thermal BC resulting from
thermal properties structural deformation

Phase dependent
Metallurgy [RiaSls propernes
Strain Induced

transformation

Phase dependent

Heat Transfer J

expansion

Temperalure

induced phase
transformation

Thermal J

Temperature
dependent
fluid properties

CFD flow simulation separately
Dynamic /

Crash simulation separately
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Thank you for your attention!
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