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Future Steel Vehicle (FSV): 

 — Described extensively earlier today 

 

PHEV – 40 version of FSV: 

 — Chosen for design of a low mass steel fuel    

 tank 

 — ‘Clean sheet’ design   

Background 
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FSV 1 

4-door 

hatchback 

3700 mm  

 

PHEV20 

Electric Range: 32 km 

Total: 500km 

Max Speed: 150 km/h 

0-100 km/h  11-13 s 

BEV 

Total Range: 250 km 

Max Speed: 150 km/h 

0-100 km/h  11-13 s 

 

 

FSV 2 

4-door 

sedan 

4350 mm  

 

PHEV40 

Electric Range: 64km 

Total: 500km 

Max Speed: 161km/h 

0-100 km/h  10-12 s 

FCEV 

Total Range: 500 km 

Max Speed: 161km/h 

0-100 km/h  10-12 s 

Vehicle Size and Powertrain Configurations 

What is FutureSteelVehicle? 

• Common front end 

• Common front wheel drive traction motor 

Range based on UDDS cycle 

PHEV40 

 

Electric Range: 64km 

 

Total: 500km 
 

Max Speed: 161 km/h 
 

0-100 km/h  10-12 s 
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PHEV-40 Steel Tank Project - Objective and Scope 

Objective 

• Mass reduction of the steel fuel tank for FSV PHEV-40 vehicle and 

North American market 

 

FSV Fuel Tank 

• A 7-gallon fuel tank, closed system 

• Rationale for 7-gallon fuel tank: 

FSV vehicle range > 300 miles with 50 mpg plus 1 extra gallon 

 

Project Scope 

•  Design and optimization of fuel tanks 

•  To meet targets on fatigue, durability and NVH 

•  Manufacturing feasibility 
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Project Goals  

Design Targets: 

• The tank will have a sealed high-pressure / vacuum 

architecture 

 Requires high strength and stiffness at all working 

temperatures 

 

• Stringent NVH targets 

 Better than the benchmark low-carbon steel fuel tank 

 Must accommodate anti-slosh baffles if required 

 

Project Assignment:  

Demonstrate that steel provides optimal performance to 

meet requirements 
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Conventional “Open” System “Closed” Hybrid System 

Project Requirements 
“Normally-Closed” Hybrid System Design  

Fuel Tank Requirements: 
• Sealed fuel tanks can generate internal pressures of 35 KPa, with vacuum up to  

    16 KPa 

• Operating temperatures up to 100 C 

 High pressure / vacuum combined with typical operating temperatures cannot be 

achieved using typical plastic fuel tanks:  

• Insufficient stiffness leads to excessive volume fluctuation 

• Creep and / or failure at high temperature with high pressure 

 

In this project, we will show that steel can meet all functional requirements through 

proper wall thickness selection and structural CAE optimization. 
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Fuel Tank Position under the Rear Seats on PHEV-40 

Fuel Tank 

Package Space and Position of Tank in PHEV-40 



www.sasft.org 

Design Drivers for Steel Fuel Tanks 

           New Steel 

        Technologies 

 
•  Narrower Flange 

 

•  Advanced Manufacturing  

    (Forming / Welding) 

 

•  Optimized Structural Baffles 

 

•  High-Strength Steel 

  Previous Steel  

   Technologies 

 
• Shell with Flange 

 

•  Structural Baffles 

 

•  Low Carbon Steel  

High Mass Reduced Mass 

Technology Transformation 
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Design and Analysis Strategy 
Flow Chart of the Mass Reduction Project 

Final Optimized Design 

Fatigue Analysis 

Forming Analysis 

Initial/Baseline Design 

Preliminary Analysis 

Weight Optimization 

Topology Optimization Topography Optimization 
Optimization  

Process 

Selection 

Baseline 

Optimization 

Verification 
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 Design and Analysis Strategy  
Steel Grade Identification Process 

With Low Carbon Steels 

Baseline Design 

With HSS ranges 

Optimization 

Step 1 

With AHSS ranges 

Step 2 

Verification 

Fatigue Analysis 

Formability Analysis 

Final Optimized Design 
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System Description  

 
- Closed fuel tank system  

 

- Low-carbon steel  

  (DQAK, sYield = 140 MPa and sUlt = 270 MPa)  

 

- Original sheet thickness: 1.8 mm   

 

- Fuel tank original mass: 9.28 kg 

 

- Tank baffle sheet included  

   (No connection to top shell) 

 
 

Analysis and Load Description  

 
- Inertia relief analysis (no constraints) 

 

- Linear elastic stress analysis 

 

- Loads due to fuel pressure / vacuum 

      - Pressure:  35 KPa 

      - Vacuum:   16 KPa 

 

 

Shells 

Fuel Tank Baseline System 
Baffle Plates Shown 

(No connection to top shell) 

Fuel Tank Baseline System 

FSV 7-Gallon Fuel Tank Baseline System 
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35 KPa Expansion 
Von-Mises Stress Contour,  

Max Stress: 126 MPa 

16 KPa Vacuum 
Von-Mises Stress Contour,  

Max Stress: 57.8 MPa 

Max Stress 

126MPa 

Max Stress 

57.8MPa 

DQAK Mild Steel yield limit is 140/270 MPa 

 FSV 7-Gallon Fuel Tank Initial Design 
 Preliminary Linear Stress Analysis 
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1st Mode Shape of Baffle and Body at 204.5 Hz 

The baffle and body mode shapes will be compared with the 

final/improved designs to evaluate fuel tank rigidity  

 FSV 7-Gallon Fuel Tank Initial Design 
Modal Dynamics Analysis 

Relative  

Displ (mm) 
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Various Design Alternatives Using Previous Technologies 

Initial Design Alternatives 

Model #

Shell 

Thickness 

(mm)

Baffle 

Thickness 

(mm)

Mass (kg)

Von-Mises 

Expansion Stress 

(Mpa)

Von-Mises 

Vacuum Stress 

(Mpa)

Steel Type

Initial Design 1.8 1.8 9.28 126.5 57.8 DQAK Low Carbon Steel 

ID Init 2 1.6 1.6 8.25 161 73.6 AISI 302 or BH 210/340

ID Init 3 1.4 1.4 7.22 210 95.9 AISI 304/Nirosta 4301

ID Init 4 1 1 5.19 395 180 HSLA 420/500

ID Init 5 1.7 1.4 8.56 167.7 76.7 AISI 302 or BH 210/340

SS 302 or BH 210/340 

SS 304 

SS 302 or BH 210/340 
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Initial Design 

Topology Optimization 

Topography Optimization 

Weight Optimization 

Baseline Optimization 

Optimization of Initial Design 
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Current Design Views 

• Optimized bead pattern (as shown) 

• Sheet thicknesses: upper / lower shells 0.5 mm; baffles 0.4 mm 

• Mass: 2.58 kg 

• Incorporate split baffles 

Initial Design Improvement 
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Split Baffle Design 

Incorporate Split Baffles 

Split Baffles Inside Fuel Tank 

Initial Design Improvement 



www.sasft.org 

Lower Shell Part View Upper Shell Part View 

Incorporate Split Baffles 

Initial Design Improvement 
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Fuel Tank Design Variation Under 35 KPa Pressure-16 KPa Vacuum Loads 

Fuel Tank Design Variations 

Model #

Shell 

Thickness 

(mm)

Baffle 

Thickness 

(mm)

Mass (kg)

Von-Mises 

Expansion Stress 

(Mpa)

Von-Mises 

Vacuum Stress 

(Mpa)

Steel Type
Baffle-Shell 

Connection

Initial Design 1.8 1.8 9.28 126.5 57.8 DQAK Low Carbon Steel No Connection

20 0.5 0.4 2.58 808 370 DP 800/1180 Seam/Laser Weld

21 0.6 0.5 3.11 578 264 TRIP 600/980 Seam/Laser Weld

22 0.7 0.6 3.64 442 202 DP 500/800 Seam/Laser Weld

23 0.8 0.7 4.18 350 160 TRIP 400/700 Seam/Laser Weld

24 0.9 0.8 4.71 285 130 AISI 301LN/Nirosta4318 Seam/Laser Weld

25 0.8 0.6 4.1 432 197 FB 450/600 Seam/Laser Weld

26 0.6 0.8 3.35 572 261 TRIP 600/980 Seam/Laser Weld

27 0.7 0.6 3.65 1016 464 DP1150/1270
Spot Weld at 

40mm

28 0.8 0.7 4.18 789.2 360.8 CP 800/1000
Spot Weld at 

40mm

29 0.9 0.8 4.71 640.7 293.3 DP 700/1000
Spot Weld at 

40mm

30 0.9 Upper 0.8 4.47 641.7 293.3 DP 700/1000
Spot Weld at 

40mm

0.8 Lower

31 0.8 1 4.41 460  Top Baffle 210 DP 500/800
Spot Weld at 

40mm

251 Lower Baffle

173 Lower Sh

379 Upper Sh

32 0.8 1.2 4.57 328 Top Baffle 173 TRIP 400/700
Spot Weld at 

40mm

195 Lower Baffle

175 Lower Sh

378.4 Upper Sh

SS 301 
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Lower Baffle: 

smax = 195 MPa  

Thickness = 1.2 mm 

Material = BH 210/340 

Top Baffle: 

smax = 328 MPa  

Thickness = 1.2 mm 

Material = DP 350/600 

Upper Shell: 

smax = 378.4 MPa  

Thickness = 0.8 mm 

Material = TRIP 400/700 

Lower Shell: 

smax = 175 MPa  

Thickness = 0.8 mm 

Material = BH 210/340 

Steel Breakdown (Based on Model 32) 
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Fatigue Loads and Requirements 

• Pressure – Vacuum: 35 KPa  to  -16 KPa 

• Minimum life 15,000 cycle x 1.5 SF =  22,500 cycles 

 

Fatigue Method and Tool 

• Stress life (S-N) approach 

• Design life (NCode 6) for HyperWorks 

 

Results 

• Minimum life observed:  4,088,000 cycles 

at nominal thickness 

Fatigue Analysis Simulation 
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Fatigue Life Distribution 

Conclusion:  Fatigue Life Cycle Exceeds Expectations 

 

Max Life : 4.08x106  

Fatigue Analysis Simulation 
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Forming Loads and Requirements 

• Low stamping load 

• Observed maximum strain < material allowable strain 

(within forming limit diagram) 

 

Forming Method and Tool 

• One-stage stamping 

• HyperForm using RADIOSS 

 

Results 

• Satisfactory forming 

Forming Simulation 
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Lower Shell Material Data: 
smax = 175 MPa  

Thickness = 0.8 mm 

Material = BH 210/340 

Conclusion: Satisfactory formability on the lower shell 

Lower Shell Forming Simulation 

Forming Limit Diagram 

 

              Failure Line 

              Wrinkle Line 
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Upper Shell Material Data: 

smax = 378.4 MPa  

Thickness = 0.8 mm 

Material = TRIP 400/700 

Conclusion: Satisfactory Formability on the Upper Shell 

Upper Shell Forming Simulation 

Forming Limit Diagram 

 

                  Failure Line 

                  Wrinkle Line 
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Stress and Rigidity Check for Optimized Design 

1st Coupled Body and Baffle Mode 

333.9 Hz 

Comparison table of initial vs. optimized design 

Optimized Design (Model 32) 
Comparison with Initial Design 

Analysis Load Case Initial Design
Optimized Design 

(Model 32) 

Von-Mises Stress 

Max
Expansion (35 KPa) 126 MPa 328 MPa

Vacuum (16 KPa) 57.8 MPa 173 MPa

Modal Dynamics Baffle 204.5 Hz 333.9 Hz

Body 204.5 Hz  333.9 Hz

Pressure 
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Project Summary 

Significant mass reduction by using AHSS: 

 9.28 kg to 4.57 kg = 50.75% 

 

All design targets met (Stiffness, NVH, Fatigue and Forming) 

 Reduced thicknesses with AHSS are sufficient for fatigue 

life and forming 

 

Various steel materials offer prospective mass reduction 

based on current and future technologies 

 

Steel materials provide designs with unlimited architecture 

 Various steel material properties in one structure 

 Ease of manufacturing 
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Ongoing Related Work 

•  Collaborative study:  SASFT – USAMP/DOE  

•  Mass reduction of sealed steel tanks from two 2010 

benchmark vehicles: 

 

 

 

 

 

 

  … Target mass reduction 30 – 40% 

 

• Results expected:  4Q 2011 

Fuel  

Capacity  

(gal) 

Tank wall 

thickness 

(mm) 

Mass 

(pounds) 

 

Lexus 

  RX 450h 

  (CUV) 

16 2.0 66 

Mercedes 

  M450H 

  (SUV) 

25 1.5 67.5 



www.sasft.org 

For More Information 
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