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InCar - Modular Solution Kit for the Automotive Industry

e The InCar - solution kit includes over 30 innovative
solutions for body-in-white, chassis and powertrain

* Focus on key-requirements for the automotive industry:
weight, cost, function and emissions

* |n-house development of a validated
reference structure as the basis
for comparing all solutions

e InCar solutions have a
high level of product
maturity




InCar - Offers over 30 Innovative Solutions

Roof Side panel
Hood B-pillar
Seat crossmember Door
Dash panel Twist beam axle
Valve trains = DampTronic® select
Camshaft ) ,‘ P Lightweight-chassis-concept I

Longitudinal member froht?-\:;; '“ ThermoTecSpring®

Integrated steering McPherson strut

M Solutions for body B Solutions for chassis M Solutions for powertrain
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Reference - Independent Design and Intensive Validation

* Vehicle structure represents
state-of-the-art

* Full-size station wagon

* Validated through extensive
calculations and simulations

e Basis of solution kit and reference
for functional, technical and cost
evaluation of all innovations

e Customer-independent database
will be used for future projects

www.autosteel.org
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B-Pillar Solution Kit Overview

—>  TPN®-W 900 Monolithic

—  DP-K® 45/78 Monolithic

DP-K® 45/78 / DP-K® 45/78
Tailored Blank

cold-stamped
B-pillar

1

DP-K® 60/98 / RA-K® 40/70
Tailored Blank

MBW® 1500/MHZ 340
Hotformed TB, same gauge

B-pillar

!

Hotformed TB, var. gauge
B
B-pillar MBW® 1500 with

Tailored Tempering

MBW® 1500/MHZ 340

Reference: MBW® 1900 with
B-pillar — cold-stamped — Tailored Blank — DP-W® 600 / DP-W® 600 Tailored Tempering




B-Pillar Solution Kit Overview

No.

Solutions

DP-W® 600 Tailored Blank (TB)
TPN®-W 900 Monolithic

DP-K® 60/98 / RA-K® 40/70 TB

MBW® 1500/MHZ 340 Hotformed TB
Same Thickness

MBW® 1500/MHZ 340 Hotformed TB
Variable Thickness

MBW® 1500 with Tailored Tempering
MBW® 1900 with Tailored Tempering
DP-K® 45/78 Monolithic

DP-K® 45/78 /| DP-K® 45/78 TB

Great
Designs SIEH- Seminar
in

Costs

7% -5% -5%

-12% -129%679% o -11%

17%

Weight

-3% -5
_1995 137-15% 1804-17%

22%

||
I -0.04_0_08
0.3

Reference: DP-W® 600 Tailored Blank

CO,-emissions (g/km)

111

-0.22.
-0.30 0.24

_0.30_0.26-
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MBW 1500 / MHZ 340 Hot-formed Tailored Blank B-Pillar

Highiights

e Cost reduction of $2.50

 Weight reduction of 2.80 kg

Customer Benefits

 Provides good elongation (> 15%) Sheet thickqess:

1.80/1.80 mm

at foot of B-pillar
e Excellent dimensional accurac —
y 5% [ ]

e High volume series production “L9 024 g
achieved

Reference: DP-W® 600 TB 2.20/2.00 mm

www.autosteel.org



Hot-forming Simulation

* The B-pillars were validated for production using AutoForm
* Input for simulation: Process parameters, heat transfer coefficients,
flow properties, friction, phase transformation, forming limit curve

Temperature distribution: Thickness distribution:

Temperature [°C 1.25 Thickness [mm] 250

I _ 1
min. temp approx. 400°C min. sheet thickness: 1.11 mm

initial sheet thickness: 1.80 mm




Material Properties and Prototyping

* Depending on . . . . .
brocess parameters Steel Grade Min. yl[el\llldngrength Ten5|ll:§/I Ii’f’:]r]ength M|n.[zlon0%?tlon
80
340 410 21

MHZ 340
MHZ 340 450 550 15
- MBW 1500 1,100 1,600 5

Die Pre-production prototype die

Die entry temp approx. 800 ° C

Transfer time approx. 6 sec

Press holding time 20 sec

Test material MBW 1500 +AS, MHZ 340 +AS
Thickness 2.00 mm (test only)
No. of parts > 30 prototypes }

500°C

Thermal image of part after forming process




Crash Behavior of Laser Weld
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Energy-distance diagram, MBW1500/MHZ 340

Test setup

Mass: 130 kg

Impact velocity: 30 km/h (18.6 mph)
Impactor positioned on laser weld
No cracking in laser weld




Advanced Door Hot-stamped

Highiight

 Weight reduction of 1.96 kg per
door at no additional cost

* Highly integrative Mid Panel design
Customer Benefits
B Mid Panel; MBW 1500 TB, 1.10/0.70 mm

e Most Welght SaVingS th rough use Outer Panel; DP-K 30/50, 0.55 mm
of DP 500 Outer Panel

 Mid Panel provides additional
support for Outer Panel improving - ?0/ .
oil canning performance P

 |Improved side impact performance
using hot-stamped TB Mid Panel Reference: Conventional Tailored Blank Steel Door

-0.33 g

www.autosteel.org



Advanced Door - Design Characteristics

* Modular Design
e (Quter Panel: 0.55 mm DP 500
e |nner Panel: 0.75 mm HX160

e Window Frame: 2.30/1.00 mm
Tailor Welded Blank with
integrated Hinge Rnf Upper

 Total Weight: 15.21 kg

2a
2b

4a
4b
4c
4d

[ BIES BN )]

Inner panel inner
Sash

Sash

Window guide

Inner panel outer CS
Inner panel outer CS
Inner panel outer HS
Inner panel outer HS
Outer panel

Hinge reinforcement lower
Carrier plate

Liftrail

HX 160 +ZE, CPP on both sides
HX 220 +7

HX 180 +Z

MHZ 260 +Z

RA-K® 40/70 +Z

DP-K® 60/98 +Z

MHZ 340 +AS

MBW® 1500 +AS

DP-K® 30/50 +ZE, CPP inner
MHZ 340 +Z

0.75 mm
2.30 mm
1.00 mm
0.70 mm
0.70 mm
1.10 mm
0.70 mm
1.10 mm
0.55 mm
2.40 mm




Advanced Door Hot-stamped Forming Simulation

Temperatur [°C]

Temgznaature [°C] A%;EE;::n[g][ ]
e 01
711 -0.05
.
sl
579 -0.20
oo o
G480 -0.30
Simulation Temperature Simulation Thinning
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Dent Resistance and Oil Canning Performance

1000 60
800 50 - 55 57 5§ 9 o012
T S~ " 505157 65
40 | " 39" 75 3442 " 44 4546 47
" 31323572737 e )
< 600 35 24 25 28 27 68 6970 7128 25 30
3 30 * 13 12 1516 17 18 1920 66 67 21 22
<) R ———
"= 400 o . .
20
200 10 Bl Reference door
B Advanced Door
0 0
o0 o005 01 0,15 0,2 0,25 0 2 4 6 8 10
Depth (permanent) mm Displacement (total) mm

=» Improved dent resistance, comparable oil canning

Great
Designs SIEH- Seminar
in
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FMVSS 214 Crash Testing

1st measuring point 2nd measuring point
152.40 mm 304.80 mm
60.00- ; .
50.00-
40.00- § th P
Required peak: > 31.14 kN :
30.00 - - o
20.00- ‘—/ ‘ |
M Advanced Door HS
= 10.00- Reference: conventional door
= M Average force 10.00 kN (up to 152.40 mm)
S ; B Average force 16.00 kN (up to 304.80 mm)
£ 0.00- i ! r |
0 50 100 150 200 250 300 350 400

Displacement [mm]

=>» Forces approx. 20% higher than Reference Door

Great
Designs s.lEEI- Seminar
in

www.autosteel.org




Front Rail Solution Kit Overview

Monolithic
RA-K® 40/70 / MHZ 340

L Monolithic
= > TPN®-W 780 / TPN®-W 780

shell design —_—

T

l

profile design (g

/ T3-longitudinal member
TPN®-W 780 / TPN®-W 780
Reference:

Longitudinal member — cold-stamped - Tailored Blank — DP-W® 600 / DP-W® 600

ﬁ

DP-K® 45/78 / DP-K® 45/78
DP-K® 45/78

q

DP-K® 45/78 / CP-W® 800
TPN®-K 60/90

TPN®-K 60/90 / TPN®-W 900
DP-K® 60/98

T3-longitudinal member
DP-W® 600 / DP-W® 600




InForm T2 Longitudinal Member

Highlights

e Cost reduction of $4.51
 Weight reduction of 2.52 kg

Customer Benefits
* |[mproved material utilization

* InForm T3 technology can be adapted
to conventional stamping press

* Spot-weldable subassembly for _— ] ]
) _ _ _ -11% -16% 021
simple production integration <1

* |nnovative solutions for integration of  * Longitudinal member (not sub-assembly)
Reference: DP-W 600 TB C-section 1.80/2.00

bulkheads and bushings developed DP-W 600 Side Member 1.80

www.autosteel.org



InForm T Process Steps

 Blank is positioned above U-shaped die

* U-forming through vertical movement of punch
 (Cam side forming with core inserted
 O-forming by punch with core inserted

 End flange forming, holes punching

* Die opened, core removed, edges welded

— Shanet CECS m— )rmin

l///
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InForm T2 Process Video
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InForm T2 Pilot Line

* Double-acting servohydraulic press
with 5 controlled main axes and
several auxiliary axes

 Multifunctional die to test process
variants, flanges and piercing

* Close-to-production 3D longitudinal
welding through integrated laser
optics and sensors

www.autosteel.org
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Dimensional Accuracy of Prototypes

P24: max.AX=0.19

 More than 100 parts produced
[Pe: max¥=0,0¢| [ P7: max.AY=0.07 N

* (Good correlation with e
simulation [P10: maxAv=006] [P14 max.AY=0.0§..|..

* Repeatability accuracy for
prototyping: £ 0.2 mm i

* Expected dimensional accuracy | |
for production:
* General: + 0.3 mm
« Ends/flanges: 0.5 mm e

{|P25: max.AX=0.28

P9: max.AY=0.09:

P6: max.AY=0.03

P16: max.AZ=0.16

P20: max.AZ=0.06

Maximum variances from mean value

SHEN B www.outosteel.org



Tubular Member Bulkhead and Bushing Integration

* Front bulkhead inserted from
the side and attached by
MAG welding

* Remote laser welding used to
join Bulkheads to Bushings

* Fatigue testing showed comparable
performance to reference design




InForm T2 Longitudinal Member Cost Comparison

 European cost analysis based on production volume of
200,000 veh/year for an eight year life cycle

« 11-13% cost reduction obtained for tubular longitudinal members
* Most cost savings achieved through improved material utilization

35.00 -
30.6_0” 7 _
30.00 - 27.13 l I
26.63
25.00 - -11% 139
21.81 Cost Cost
20.00 -
13.74 Reference
15.00 - 13.17 M Tailored Tube
10.86 10.93 Longitudinal Member
10.00 - 7.63 ' HR DP600
M Tailored Tube
5.00 - Longitudinal Member
1.16 0.92 0.92 1.61 1.61 TPN-W 780
0.00 - - 0'00! J
€ Material Part manufacturing  Tooling invest Body-in-white Total

including mfg. manufacturing
Tailored Blanks




InCar - Summary

Over 30 innovative solutions to meet
current auto industry requirements

Validated, reliable information on cost,
weight and function/performance

Objective comparability of
solutions by benchmarking
against reference structure

Use of innovative and production-ready
materials, processes and technologies

More than 100 dies built, 329 parts in
total, 3 complete body-in-whites built

InCar will be continued beyond 2011,
delivering new results permanently

www.autosteel.org




