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•AHSS are used increasingly in forming automotive structural parts

because of safety and lightweight vehicle requirements.

•AHSS has higher strength and low formability compare to

conventional draw quality steels.

•One of the problems is the property variations in incoming materials

which may not be determined by the tensile test.

•Tensile test is uniaxial and flow stress data is obtained to small

strains, while the bulge test is biaxial and data is obtained to higher

strains.

Introduction
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Principles of Viscous Pressure Bulge (VPB) Test

Continued 

downward 

motion to 

bulge the 

sheet 

 

 

 

 

  

(b)  After Forming  

Upper die  

Lower die  

Downward 

motion to 

clamp the 

sheet 

Potentiometer 

Test Sample 

Viscous Medium  

Stationary Punch 

Pressure Transducer 

(a) Before Forming 

Viscous Pressure Bulge (VPB) test tooling



© Copyright Engineering Research Center for Net Shape Manufacturing, 2009

Stamping Group

ERC

NSM

5

Principles of Viscous Pressure Bulge (VPB) Test

Die diameter = 4 inches (~ 100 mm)

Die corner radius = 0.25 inch (~ 6 mm)
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Methodology to Estimate Material Properties

Flow stress curve
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Objectives

Å Study and compare the flow stress curves obtained using the tensile 

and VPB test for the materials tested (examples: DP600,  DP780,  

DP780-CR, DP780-HY, and TRIP780)

Å Study the effect of anisotropy correction on the flow stress curves 

obtained using the VPB test

Å Study the amount of flow stress data lost when stopping the VPB test at 

90-95% of the burst pressure
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Sample Preparation

Materials DP600, DP780, DP780-CR, DP780-HY, TRIP780

Thickness 1 mm

Procedure Wire EDM

Directions 0, 45, 90 deg. to the rolling direction

No. of samples 3 samples in each directions

Dimensions ASTM E646-07

Procedure-Tensile Test

Test Setup

Machine MTS 810 FlexTest (10 KN)

Grips Hydraulic wedge grips

Extensometer Epsilon (gauge length: 2-inch)

Strain rate 0.1    1/min

R-values obtained at 8% Eng. Strain 

Standards ASTM E646-07, ASTM 517-0
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Procedure–VPB test

Sample Preparation

No. of samples burst (without a 

potentiometer) 

1 sample

No. of samples tested (with 

potentiometer)

5 samples

Sample dimensions Square : 10ò X 10ò

Test Setup

Die opening diameter 4.161ò

Die corner radius 0.25ò

Press Minster Tranemo DPA-160-10 

hydraulic press
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Procedure –VPB test

To start the excel macro

Dome Height (mm)

Pressure (bars)
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Excel macro interface:

Experimental Procedure –VPB test
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Results-Tensile Test

Eng. Stress-Strain curves of various AHSS grades obtained by the tensile test
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Results-Tensile Test

Uniform and Total Elongation of various AHSS grades (Gauge Length: 2 in)
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Results-Tensile Test

UTS and 0.2% Offset Yield Strength of various AHSS grades
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Results-VPB Test

Flow stress curves of the five AHSS materials tested using the VPB test (curves are 

neither corrected for anisotropy, nor extrapolated)
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Results-VPB Test

Pressure versus dome height curve of TRIP780 (sample 6) extrapolated to the burst 

pressure
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Results-VPB Test

Flow stress curve of TRIP 780 (sample 6) from original and extrapolated data
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Results-VPB Test

Comparison of True Stress- strain curves of DP 780-HY determined by the Tensile test 

and VPB test (Curves are not extrapolated)

Very high strain is obtained in the VPB test  
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Results-VPB Test

Comparison of True Stress- strain curves of TRIP 780 determined by the Tensile test 

and VPB test (Curves are not extrapolated)

Importance of 

correcting the curve 

for anisotropy
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Highest formability ĄG , Most consistent Ą F

Lowest formability and inconsistent ĄH

Graph shows dome height comparison for SS304 sheet material from eight 

different batches/coils [10 samples per batch] 

Evaluation of Formability



© Copyright Engineering Research Center for Net Shape Manufacturing, 2009

Stamping Group

ERC

NSM

21

Å Strain values obtained in the VPB test is higher than values obtained in the 

tensile test. Thus, VPB test is more suitable for providing flow stress input to 

Finite Element Analysis (FEA).

Å Some materials may behave differently under different states of state. VPB is 

closer to actual stamping operations than the uniaxial tensile test

Å For some materials, correcting the flow stress obtained from the VPB test for     

anisotropy may be important.

Å Dome Height at bursting in the VPB test is a quick and reliable test to check 

the quality of incoming raw materials (different batches, suppliers, …) under 

biaxial state  of stress.

Å Large amount of data may be lost (AHSS) when ending the VPB before 

bursting. Thus, it is desirable to end the test as close, to the burst pressure , as 

possible.

Conclusions
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Available Flow Stress Data [at CPF]

# Material Thickness Source of data/ Report Author

1 ST 1403 1 mm CPF-4.2b/06/01 (ERC/NSM-05-R-21)

CPF-4.2b/ 07/01 

[Braedel, 2005]

[Yadav, 2005]

2 SS 201 0.25 mm ERC/NSM-08-R-01 [Sartkulvanich, 2008]

3 SS 301 0.25 mm ERC/NSM-08-R-01 [Sartkulvanich, 2008]

4 SS 304 1 mm CPF- 1.1/06/03 [Spampinato, 2006]

5 SS 409 - Determination of flow stress and anisotropy of

sheet metals using the ViscousPressureBulge

(VPB) test, May 2005 (Presentation on

www.ercnsm.org)

6 AKDQ 0.83 mm CPF-2.1/06/01

CPF-2.1/07/01

[Gutscher, 2000]

This report

7 AKDQ 0.72 mm CPF-2.3/07/02 [Kim, 2007a]

http://www.ercnsm.org/
http://www.ercnsm.org/
http://www.ercnsm.org/
http://www.ercnsm.org/
http://www.ercnsm.org/
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Available Flow Stress Data [at CPF]

# Material Thickness Source of data/ Report Author

8 AKDQ - Determination of flow stress and anisotropy of sheet 

metals using the Viscous Pressure Bulge (VPB) test, 

May 2005 

(Presentation 

www.ercnsm.org)

9 AISI 1018 2.13 mm CPF-2.3/06/06 (ERC/NSM-05-R-06) [Kim, 2007b]

10 1050 - Determination of flow stress and anisotropy of sheet 

metals using the Viscous Pressure Bulge (VPB) test, 

May 2005 

(Presentation 

www.ercnsm.org)

11 DDS 0.77 mm CPF-2.1/07/01 This report

12 DR 210 1 mm CPF-2.1/06/02 (ERC/NSM-05-R-45) [Bortot , 2005]

13 AMS 5504 - Determination of flow stress and anisotropy of sheet 

metals using the Viscous Pressure Bulge (VPB) test, 

May 2005 

(Presentation 

www.ercnsm.org)

14 BH 210 - Precision Forming- Application of Process Simulation & 

Case Studies, April 2008 

(Presentation 

www.ercnsm.org)

15 DP 500 - Precision Forming- Application of Process Simulation & 

Case Studies, April 2008 

(Presentation 

www.ercnsm.org)

16 DP 590 1.24 mm CPF- 2.3/07/03

CPF- 2.3/07/02

[Kim , 2008]

[Kim, 2007a]

http://www.ercnsm.org/
http://www.ercnsm.org/
http://www.ercnsm.org/
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://www.ercnsm.org/
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://nsm.eng.ohio-state.edu/Precision_Forming-_Application_of_Process_Simulation_and_Case_Studies.swf
http://www.ercnsm.org/
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Available Flow Stress Data [at CPF]

# Material Thickness Source of data/ Report Author

25 Bare DP 980 Y-

type X

1.4 mm Honda  (Not published yet)

26 Bare DP 780 T-

Si type

1.2 mm Honda (Not published yet)

27 GA DP 780 T-

AI Type

1.2 mm Honda (Not published yet)

28 GA DP 780 Y-

type U

1.2 mm Honda (Not published yet)

29 GA DP 780 Y-

type V

1.2 mm Honda (Not published yet)

30 AA5754-O 1 mm CPF- 1.1/08/01

CPF- 1.1/08/04 (obtained by a new optimization 

methodology developed at the CPF)

[Pathak, 2008]

[Penter, 2008]

31 AA5754-O 1.3 mm CPF- 2.1/07/01 

CPF- 1.1/08/01

CPF- 1.1/08/04 (obtained by a new optimization 

methodology developed at the CPF)

This report

[Pathak, 2008]

[Penter, 2008]

32 AA 6111 1.04 mm CPF- 2.1/06/01 [Gutscher, 2000]
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Available Flow Stress Data [at CPF]

# Material Thickness Source of data/ Report Author

33 AZ31B-O 1.2 mm

T: Room temp. 

to 225 oC

Strain rate: 

0.025 to 0.25  

1/s 

CPF 1.1/ 06/ 01 (ERC/NSM-04-R-35) 

[Kaya, 2008] 

[Kaya, 2005]

[Kaya, 2008]

34 AZ31B - Determination of flow stress and anisotropy of sheet 

metals using the Viscous Pressure Bulge (VPB) test, May 

2005 (Presentation on www.ercnsm.org)

35 DQS-270F GA-

Phosphase

coated

0.75 mm CPF 2.5/09/01-a

36 DQS-270D GA-

Phosphase

coated

0.75 mm CPF 2.5/09/01-a

37 Aluminum 

X626-T4P

0.95 mm CPF 2.5/09/01-a

http://www.ercnsm.org/
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