Steel
Market Development a business unit of AISI
Institute www.autosteel.org

D

Automotive Appllcatlons Council

Ron Krupitzer
Vice President, Automotive Market

Business of Plugging In Conference
October 11, 2011



i A% al Agendad Automotive Market

* Automotive Steel Content Trends

* Meeting the Challenge of Electric Drive Venhicles
* FutureSteelVehicle Project Result

* Next Steps with Steel
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Materials Content Trends

2010 LightVehicle Content Material Content

103, 3%
838, 21.9%
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Flat Rolled Steel
m Other Steel
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H Iron
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All other Materials

Total of 3,863 pounds, (8% steel
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i %zl AHSS Growth in NA Vehicles

AHSS - Fastest Growing Automotive Material
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Source: Ducker Worldwide 2009
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The Question

Can high-strength steels continue to provide
car companies with cost-effective, safe, and
reduced-mass structures into the future?
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Why FutureSteelVehicle ?

Aggressive Global Fuel Economy and
CO, Emissions Regulations

China

Europe
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Japan
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Source: International Council on Clean Transportation
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What is FutureSteelVehicle?

PHEV20 BEV

FSVA Electric Range: 32km Total Range: 250km

A-door hatchback Total: 500km Max Speed: 150km/h
Max Speed: 150km/h 0-100 km/h 11-13 s
3700 mm 0-100 km/h 11-13 s

ESV 2 PHEV40 FCEV
Electric Range: 64km Total Range: 500km

4-door sedan Total: 500Kkm Max Speed: 161km/h
Max Speed: 161km/h 0-100 km/h 10-12 s

4350 mm 0-100 km/mh 10-12s

FSV1 BEV FSV1 PHEV20 FSV2 PHEV40 SV2 FCEV
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FutureSteelVehicle steel Grade Portfolio

Mild 140/270

Range of Steel Grades

DP 350/600

TRIP 600/980

BH 210/340

TRIP 350/600

TWIP 500/980

BH 260/370

SF 570/640

HSLA 700/780

BH 280/400

HSLA 550/650

DP 700/1000

IF 260/410

TRIP 400/700

CP 800/1000

IF 300/420

SF 600/780

MS 950/1200

DP300/500

CP 500/800

CP 1000/1200

FB 330/450

DP 500/800

DP 1150/1270

HSLA 350/450

TRIP 450/800

MS 1150/1400

HSLA 420/500

CP 600/900

CP 1050/1470

FB 450/600

CP 750/900

HF 1050/1500

HSLA 490/600

o)WorIdAutoSteeI

MS 1250/1500

denotes steel grades available for FSV
‘
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TONNEENTE. EEas
FutureSteelVehicle Sieel Technology Portfolio

Broad Bandwidth of Manufacturing Options
Conventional Stamping
Laser Welded Blank
Tailor Rolled Blank
Induction Welded Hydroformed Tubes
Laser Welded Hydroformed Tubes
Tailor Rolled Hydroformed Tubes

Hot Stamping (Direct & In-Direct)
Laser Welded Blank Quench Steel
Tailor Rolled Blank Quench Steel
Roll Forming
Laser Welded Coil Rollformed
Tailor Rolled Blank Rollformed
Rollform with Quench
ke Multi-Walled Hydroformed Tubes
Multi-Walled Tubes
Laser Welded Finalized Tubes
Laser Welded Tube Profiled Sections
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o FSV- Design Innovations

Phasel

Phase 2 Technology Assessment

Report

Final Design
Confirmation

Styling &
erodynamic

Gauge

Optimization inear-Static

Topology
Optimization

Non-Linear Dynamic
Topology Optimization
(LF3G)

Confirmation Sub-System

Topography
Optimization

Detail Design
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FSV-35% Mass Savings

FSV BEV Manufacturing Processes A
as % of Body Structure Mass
BEVLﬂB‘Yg

Stamping - Laser
Stamping - 41%
PHE V5o I 175 kg

Welded Blanks - 38%

Open Rollforming - 2%

Closed Rollforming - 7%

Hot Stamiping - Laser
Welded Blanks - 3%

Hot Stamping - 3%

Body FSV1 BEV
Structure Mass (kg)

Benchmark 290
Target 190
Achieved 188
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FSV Compared to UltraLight T Mass

Body Structure Mass

o
ii§

Jaguar XK

Audi TT

Body Structure Mass (Actual)
N
ol
o

|
Source — A/ISP Benchmarking Project

200 250 300 350 400
Body Structure Mass (Regression Analysis Prediction)

Steel Mass Similar to Aluminum


http://en.wikipedia.org/wiki/File:Jaguar_X100_front_20080313.jpg
http://en.wikipedia.org/wiki/File:2007-Audi-TT.jpg

FSV-97% HSS and AHS

(With Nearly 50% GigaPascal Steels)

FSV BEV Steel Types

as % of Body Structure

DP 500,600 - 11.8%

HSLA 450, BH 340,
400 - 32.7%

DF 800 - 5.5%

DP 1000 - 10%

TRIF 980 - 9.5%

Mild Steels - 2.6%

TWIP 980 - 2.3%

\CP‘ 1000-1470-9.3%

HF 1500 11.1%

M5 1200 - 1.3%

Body FSV1 BEV
Structure Mass (kg)

Benchmark 290
Target 190
Achieved 188
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FSV-No Cost Penalty

(US$)

Body Structure Manufacturing Costs $775
Body Structure Assembly Costs $340
Total Body Structure Manufacturing & Assembly $1,115
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Well to Pump
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http://www.mattbinkowski.com/

2 LCA- Vehicle Carbon Footprint

Material production greenhouse gas (GHG) emissions:

GHG from Production (in kg CO,e/kg of material)

steel [] 207 25 Current Average
GHG Emissions
Aluminium Primary Production
Magnesium 1871 45
Carbon FRP 211 23
Footnotes:

» All steel and aluminum grades included in ranges.
» Difference between AHSS and conventional steels less than 5%.
* Aluminum data - global for ingots; European only for process from ingot to final products .
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i AR Why LCA principles need to be used

LCA of Lotus Study

Vehicle: Toyota Venza (HD vs LD BIW)

Study: Lotus Engineering 60,000
HD = Al, Mg and carbon fiber 50.000 7%
LD = Steel intensive | 4

40,000 -

()

Result: O 0000 -
HD has lower driving emissions by 6% ié:» |
LD has lower total emissions by 8% 20,000 -

10,000

O -

HD BIW LD BIW

GHG Emissions (CO 2e)

e s Total
Vehicle Description Curb Wt Production Use Recycling Veh Life
Lotus HD Body 1214 kg 16,524 36,288 (5,508) 47,304
Lotus LD Body 1324 kg 8,428 38,556 (3078) 43,902

Steel
Market Development
* Institute



[N o JF 3rd Generation AHSS

* Additional 10% mass reduction (projecting over 35%)

Elongation (%)
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For 2017-2025, new
formable AHSS grades will
enable more steel
mass reduction




ﬂwmﬂ New Steel Microstructures (NSF Research

Auenching and Partitioning Producing New AHSS
Microstructures with High Retained Austenite
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Temperature
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David Matlock and John Speer, Colorado School of Mines




@ﬁﬂ%ﬂf‘ Conclusions

* AHSS grades will continue to grow in use for the
foreseeable future, and are well suited to electrified
vehicle platforms.

* FutureSteelVehicle demonstrates the mass reduction
potential for new AHSS grades when used with new
manufacturing and computer optimization methods.

* A third generation of AHSS steels are being
developed with improved strength, formability and
mass savings potential.
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