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Outline
• Examples

• LMP Shop, Stamping, Stretch forming, hydro-forming, super plastic

• Basic Mechanics
• Spring back

• Forming limit diagrams

• Appendix 
• Plastic behavior of metals

• Spring-back derivation

• Developing forming technologies
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~ 90 million vehicles 
produced worldwide 
every year
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Deep Drawing of beverage cans
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Bending & Spring back
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The details are at the end (8 slides)
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Thick h = 0.0625”
Thin h = 0.03125”

Y/E =0.00127

Y/E =0.00225

Y/E =0.00124

Y/E =0.00303

Al-5052
Y = 23 ksi
E = 10200 ksi
Annealed Al
Y = 13 ksi
E = 10200 ksi
Steel
Y = 36 ksi
E = 29000 ksi
Titanium
Y = 120 ksi
E = 16500 ksi

Ro = 3”
h=1/16”

R1 Y/E

Ti ~12” ~1/140

AL 5052 ~4” ~1/440

Steel ~3.5” ~1/800



Aluminum Alloys
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tension

compression

Pure Bending

Bending & Stretching

Apply Tension and 
Bending-

- This limits applicable 
part geometries

- Advantage of stretch
forming
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Forming Limit Diagrams

Figures from Hosford & Caddell
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Process Performance

1. Cost – Dies, Material/ Waste

2. Quality – Spring-back, wrinkling, tearing

3. Rate – Lead time for dies

4. Flexibility - Dies
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Sheet Metal Appendix

• Plastic behavior of metals
• Power law behavior

• 3D and Yield criterion

• Spring back derivation

• Developing technologies
• Discrete Dies

• Incremental Sheet Metal Forming

• Flexible Spinning
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Plastic Yielding Criterion
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