Geometry: The Key to Structural Optimization
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Outline

* Body structure optimization delivers economic fuel efficiency gains across
platform design

 Geometry is a key design factor in delivering performance in every
function of body structure

1. Stiffness
2. Deformation Resistance
3. Energy Absorption
Why the combination of strength and geometry wins

* Examples of high strength and formability in NanoSteel sheet
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Optimizing Body Structure Has Value

+ Body structure optimization

— Second only to exotic power train EV 68.5 i
adoption for fuel efficiency gains PHEV 40.7 514,517
« Steel brings strongest value to Hybrid 149 #5810
. . BIW WR 11.4 $1,320
automotive design for body et
(AHSS)

Turbo/Downsize 7.0 S600
Adv. Diesel 5.5 $1,040

Cyl. Deact. 4.7 S244

Var. Valve Timing 3.0 S60

8-Spd DC Trans. 3.9 S304

Cool EGR 3.6 $360

Citation *1: ArcelorMittal
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Geometry Drives Body Structure Results

W
o

* If you consider grade 4 EDAGAccord3-G
and gauge only, results = 25 ARproachis A ULSAB-AVC 3-G
are not optimized < \_ Al
. S 20 - s XN/ Future Steel Vehicle 3- G
* |gnoring geometry can B [ 2\ L
overstate or understate = | Approaches ¢ | ¢AMSnMation2:G
. g 15
the mass reduction o ¢ /| #AMS-inmotion 2-G
. = Breakthrough
£ 10
potentlal Of the bOdy o0 ¢ LotusVenzaPh 1 2-G
structure §
5 ¢ FEVVenza Ph22-G
O | | | 1 1 1 | 1 | 1

O 20 40 o60 80 100
3G = Geometry/Grade/Gauge

AHSS Content(%) = o comotnen

Citation *1: ArcelorMittal

NANOSTEEL 4 © 2016 NANOSTEEL. ALL RIGHTS RESERVED. NANOSTEEL CONFIDENTIAL.




Structure Has Multiple Roles

1. Stiffness
(Ride Quality)

2. Deformation
3. Absorb Energy Resistance

(Crash) (Strength)
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1. Stiffness is Determined by Part Geometry Not Material
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[ | |
G Elastic
auge Geometry Modulus

Nanosteel | _Aluminum | _Titanium _|_Magnesium _

Elastic Modulus (GPa) 204 72 114 41

Density (g/cm3) 7.78 2.81 4.43 1.82

Specific Modulus

(Gpatlcmy () 26 26 26 25
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2. Deformation Resistance = Geometry Plus Yield Strength

Reduced Lower Global

Add Stiffness Deflection Stress

Remove Optimal Lower Peak
“Hot Spots” Geometry Stress

Thin Gauge or Increase Increase Peak Add Gauge?
Lower Modulus Deflection Stress (add mass?)

Yield Strength (MPa) 400-1200

Elongation (%) 55-28 13 14 10
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3. Energy Absorption is Primarily Dependent On Geometry

High Elastic Absorb During

Even Ab ti
Capacity Crush ven Absorption

40% Offset Frontal Barrier Impact *

--- Part A: Specific Energy J/Kg =100%

f U/L

Cross section of the
bumper

Displacement Citation *2: Noble Industries

Nanosteel

Ultimate Strength (MPa) 1180-1700
Elongation (%) 55-28 13 14 10
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What Can Geometry + Strength Achieve?

M190/120XF
weight savings: 25 -30%
Typical Roll Formed
Section

Shape Corp. Monoleg
M190 * Usibor
weight savings: 5 -10% weight savings: 30%
Typical Roll Formed Best in Class
Section A-tech Variable Section
(7003 Alum. Parity)

Citation *3: SMDI and Shape Corp.
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Aluminum + Steel Bumper Comparison: Geometry Plus Strength Wins

— =0

Aluminum Rear Bumper . . P-Tech® Rear Bumper
Steel can achieve 29% weight

Material = Al 7000 series reduction in comparison to Material = Usibor1500

Thickness = 2.576.0mm aluminum with identical Thickness = 1.4mm

System mass = 8.80kg performance System mass = 6.24kg

Citation *2: Noble Industries

Force Target: TI0KN Force Target: 110KN

P-Tech
Competitor

Target: 100mm

[Force Target: 110KN
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Displacement (mm) & o Displacement (mm) = 0
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NanoSteel First Alloy Properties
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Geometry Freedom with Ultra High Strength is Achievable without Hot Stamping
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NanoSteel = Cold Formability + Ultra High Strength

Bendability and biaxial strain substantially beyond current 3" generation Advanced High Strength Steels
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Geometric Freedom Drives Results
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Conclusion

* Use of AHSS is the most cost effective way to increase fuel efficiency
 Geometry is the key design factor in every role of body structure
1. Stiffness
* |s material independent
2. Deformation Resistance
e Thin structures require complex geometries to distribute load
3. Energy Absorption
* Geometry dictates performance in both elastic and plastic regions

* |ts not just about price, complex geometry with the strength of AHSS is a
clear choice for body structure
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