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Today’s Agenda

• Introduction to WorldAutoSteel

and Steel E-Motive

• Program Motivation, Vehicle 

Specifications

• Steel E-Motive: Vehicle, Body 

Concepts and Innovations

• Key PHS Solutions for Front and  

Side Crash Performance

• Question and Answer
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AGENDA

www.steelemotive.world
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Why Did We Choose a Mobility as a Service Vehicle? 

Global Net Zero Emissions ambitions

Urbanization and waning interest in vehicle ownership point 

to new transport opportunities in megacities.

Extensive research over a five-year period revealed global 

investment and growth in autonomous MaaS fleet ownership.

Our goal was to demonstrate that steel could be a 

significant enabler for reaching Net Zero Emissions with 

comfortable, sustainable, and affordable mobility 

solutions.
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Project Timing and Key Activities
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2 Steel E-Motive vehicles, based on a shared platform, intended for urban and extra-
urban mobility services

• 4 passengers, urban (city) mobility 

operations

• 75kwH battery

• Front electric motor

• Level 5 autonomy

• 1512 kg kerb weight

Europe C segment

• 6 passengers, intra-city mobility

• 96kwH battery

• Front and rear electric motor

• Maximum commonality SEM1-

SEM2. 400mm wheelbase stretch

• Level 5 autonomy

• 1873 kg kerb weight
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Level 5 autonomy enables freedoms for positioning of the occupants. We opted for an 
inward facing configuration, with front occupants rear facing 

• Inward facing configuration selected

• Preferred for communal ride sharing versus 2 row

• Enables spacious, open interior

• Drives requirement for flat floor

• Front occupant positioning drives exterior styling

• Disabled user friendly 

Seating configuration options considered

Disabled user virtual reality assessment
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Steel E-Motive, SEM1 Body in White Advanced High-Strength Steel 
grade utilisation

• Purpose design BIW for fully autonomous 

vehicle

• Stamped, fabricated, high-volume solution

• AHSS portfolio allows the right steel grade 

and gauge in the right place = 

Infinite Tune-ability

• 66% Gigapascal steels (> 1000 MPa 

tensile strength); allow lightweighting 

without sacrificing performance

BIW weight = 282 kg

Avg. Tensile Strength = 1259 MPa
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Wide range of AHSS gauges enabled a further dimension of tunability 

• Utilise thickness where it’s needed 

(and where it’s not needed) 

• Average gauge thickness 1.23mm

• 0.5mm to 2.4mm gauge

Panel gauge thickness (mm) 0
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SEM1 Body in White fabrication methods

Roll Forming

cold 

forming

Roll Stamping

Tailor Welded Blanks

Multi-Walled Tube 

Hydroforming

Hot Forming

Cold Stamping

BIW Fabrication Processes (by weight)

 

https://worldautosteel.wpenginepowered.com/wp-content/uploads/2021/02/Fig-rollstamping.jpg
https://worldautosteel.wpenginepowered.com/wp-content/uploads/2021/02/fig-rollstamping2.jpg
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SEM1 Body in White PHS Applications (30 parts)
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Combined factors enable SEM1 to achieve a 27% lower kerb weight compared 
to a conventional BEV passenger car

R² = 0.7355
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• Battery technology
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SEM1 BIW weight is competitive with aluminium and multi-material structures of 
comparable size

R² = 0.6466

R² = 0.5453
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Steel E-Motive: Seven Key Steel Innovations

B-Pillarless, one-box open body structure
1

AHSS Extended Passenger 

Protection Zone2

Short Front Crash Zone structure3

4 Small Offset Crash 

Glance Beam

5
Virtual B-Pillars (in doors)

6
(Rocker) Hex beam 

energy absorbers

7 Industry-First Battery 

Carrier Frame

19
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Performance and Key Metrics

We’ve shared a bit about our Steel E-Motive 
Purpose, Body Concepts and Innovations.  
Now let’s examine:

• Front and side crash performance

• Body Structure Cost and Sustainability
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Front crash: Different approach and considerations are required for the protection 
of rear facing front occupants

Legs, feet, arms lower risk 

of injury from intrusion (no 

dash, steering wheel)

Seat belt loads are 

generally lower than 

forward facing. No frontal 

airbag

Occupant head and torso is 

closer to the front crash zone

Occupant deceleration loads 

are primarily through the seat 

frame and mounting structure
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Use of PHS and innovative geometries contribute to impressive front crash 
performance, despite compact vehicle size and occupant position

USNCAP 56kph FFB

IIHS 64kph ODB

IIHS 64kph SORB

• Development focussed on 4 front crash 

test loadcases – requiring both crush 

and strength characteristics from body 

structure

• Challenging to achieve crush-strength 

balance with short front overhang and 

occupant position

• IIHS “good” rating achieved

• “glance off” achieved in IIHS SORB test

EuroNCAP 50kph MPDB
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Front crash structure engineered to balance the requirements of USNCAP FFB, 
IIHS ODB, IIHS SORB and EuroNCAP MPDB loadcases

PHS1900 Front strut brace 

protects occupants and 

supports SORB load barrier 

reaction

Note: components have been removed from this image for clarity. Design shown is development, not final design

PHS1900 vertical dash brace 

and #1 bar reacts crush loads 

and minimises intrusion to 

battery and cockpit

Longitudinal crush rail: TWB 

DP980, tuned for FFB crush 

performance. Plan view angle 

optimised for Small Overlap 

Barrier engagement

UHSS PHS + MS 

occupant protection 

zone 

PHS1500 “glance beam”, 

engineered to crush in 

Frontal Rigid Barrier and 

provide lateral load reaction 

in the Small Overlap Barrier



2424

Front Glance Reaction Beam Upper – case study
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Front Glance Reaction Beam upper 

Attribute / Design 1 2 3

Grade DP600, 0.8mm MS1470, 0.8mm PHS1500, 0.8mm

Forming Yes   ✓ No  Yes  ✓

Front crash performance X (below target) Yes   ✓ Yes  ✓

Splits & excessive 
wrinkling in MS1470
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Strategy for IIHS 64kph SORB glance off: ensure high strength lateral (Y) 
loadpath and axial crush (X) throughout crash  

• Objective: Deflect complete vehicle by 1/4 

car width before contact with A pillar

• Approach: Divide IIHS SORB crash event & 

front structure into 3 stages

• Ensure body structure design can achieve 

high Y strength and load reaction during 

each stage

1

2
3
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IIHS 60kph side barrier (v2) alignment to SEM1

Side crash: Barrier alignment and loadpath strategy 

#1 #2 #3#4

A and C pillar locations provide primary side crash protection; 

occupants in a more favorable location for side barrier

USNCAP 32kph side pole assessment locations

S
id

e
 P

o
le

 

battery

1

2

3

IIHS Side 

barrier 2    
Side crash Intrusion target <30mm

60 kph

32 kph

Crush/absorb zones

Protection/high strength zones

Side crash loadpath strategy
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A pillar
PHS-CR2000T-MB 
1.2mm

Cantrail/roof outer
PHS-CR1000T-MB 
1.5mm 

Rocker PHS-
CR1000T-MB 
1.5mm 

C pillar
PHS-CR1500T-
MB 0.8mm

Tailor Welded 

Blank Outer Ring

Front and rear quarter clip 
on panels 0.6mm 
CR260Y/370T-BH
(not specifically engineered) 

Steel E-Motive Press Hardened Steel Door Ring - impressive performance
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Side crash performance. Very good battery and occupant protection and 
IIHS “good” rating achieved (barrier 2)

USNCAP 32kph side pole (battery protection) IIHS 60kph side barrier II (occupant protection)

• IIHS “good” rating (based on predicted intrusions)

<30mm intrusion to battery maintained for 4 test 

locations
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Steel E-Motive Press Hardened Steel Door Ring

Weight 16.7kg

Cost $44.16

# blanks 4

Equipment Tooling Building Maintenance Energy Labor Overhead
Process 

Materials

Materials 

Balance
Total

$2.74 $0.82 $0.27 $0.41 $0.85 $2.15 $1.02 $0.00 $35.92 $44.16 

Cost breakdown
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Steel E-Motive Press Hardened Steel Door Ring, final design

Confirming forming feasibility, preliminary process parameters



3232



3333
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Engineering Decisions To Reduce Cost

• Gauge optimization: overall thicknesses 

(1.2mm average)

• Expanded use of high material utilization 

processes (45%) – less material = lower 

costs

• Elimination of body side outer

• Elimination of traditional battery box

• Elimination of a conventional B-Pillar

• Production capable using existing 

manufacturing infrastructure
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ENVIRONMENT & SUSTAINABILITY: Comprehensive life cycle assessment and 
optimisation, demonstrating potential for 86% reduction in GHG (2022 vs 2035 scenario)

1 Decarbonise steel 

production (e.g. hydrogen 

Electric Arc Furnace)

2

Decarbonise electricity 

grid supply for xEV. Global 

variations and >2030  

forecast (production and 

vehicle use)

5
A

B C

D
C#1 C#2

4

Optimise vehicle design, material 

utilisation and fabrication 

processes to minimise 

production emissions

3
HV battery production 

emission study and > 2030 

forecast 

6 Recycling. End of life 

methodology

Real world drive cycle 

and drive cycle 

smoothing with 

autonomous vehicle 

control
Image source: SSAB, ArcelorMittal
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Steel E-Motive – Summary 

• The Steel E-Motive program has engineered innovative vehicle and 

body structure concepts, taking into consideration the freedoms 

and challenges offered by full autonomy

• Through application of the complete steel grade portfolio, the Steel 

E-Motive concept demonstrates:

• Safety – exceptional protection of occupants and battery

• High levels of occupant comfort and accessibility

• Competitive weight

• Cost effective design, suitable for global high-volume production

• A clear path and contribution to net zero emissions

• Solutions can be Plug & Play, Select & Adapt and New Steel 

Product integration.

Engineering report freely available at https://steelemotive.world/
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How to Experience Steel E-Motive

Download Full Report

    steelemotive.world

3D PRINTED PROTOTYPE

AUGMENTED REALITY TOUR
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