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Introduction
NSM

AHSS are used Increasingly in forming automotive structural parts
because of safety and lightweight vehicle requirements.

e 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.

e Tensile test 1s uniaxial and flow stress data IS obtained to small
strains, while the bulge test is biaxial and data is obtained to higher
strains.
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Principles of Viscous Pressure Bulge (VPB) Test IEIRSCI\/I
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Viscous Pressure Bulge (VPB) test tooling
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Principles of Viscous Pressure Bulge (VPB) Test IEIRSCM

Clamping force
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L\ockbead Dome height (h)

Initial Sheet pressunzed

=

Die diameter = 4 inches (~ 100 mm)

Die corner radius = 0.25 inch (~ 6 mm)
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Measurement Material properties
FE- 3
| based _
inverse analysis Flow stress curve

Flow stress curve

Dome height (h)

Measured data

Effective stress
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Radius of the dome r;=f(h,,n)
Calculation using
database from simulation

Dome height h,

\

Thickness at the top of the Effective strain

dome t;=f(hy,n) B p
Calculation using E=—g,=—In-*+

database from simulation ) Z

repeat iterations until |n.-n . ,/<0.001 ( F
| n-value
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Objectives
. NSM

A 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)

A Study the effect of anisotropy correction on the flow stress curves
obtained using the VPB test

A Study the amount of flow stress data lost when stopping the VVPB test at
90-95% of the burst pressure
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Procedure-Tensile Test

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

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—\VVPB test

potentiometer)

No. of samples burst (without a 1 sample
potentiometer)
No. of samples tested (with 5 samples

Sample dimensions

Square:1 00 X 100

Die opening diameter

4.1610

Die corner radius

0. 250

Press

Minster Tranemo DPA-160-10
hydraulic press
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%%% Procedure —\VPB test

UNIVERSITY

Ed Microsoft Excel - cemil_data_input.xls
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1 0609233
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187274 0.804027

2010579 D BRIETT :
2148834 06747 Dome Height (mm)

1
2
3
4
]
b
7
g
9

s Stamping Group
© Copyright Engineering Research Center for Net Shape Manufacturing, 2009




OHIO : ERC
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P NSM

Excel macro interface:

Bulge Test Calculator - Developed by ERC/NSM , The Ohio State University, Columbus, U.S.A.

Sheet Thickness {(mm)
No of Data Points

Yield criteria selection
1. Hill 1947
2. Barlat 3 parameter

RO

Anisotropy

Values RGO

m value required for
barlat criteria only
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Results-Tensile Test

TRIP 780
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Eng. Stress-Strain curves of various AHSS grades obtained by the tensile test
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Results-Tensile Test
NSM
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Uniform and Total Elongation of various AHSS grades (Gauge Length: 2 in)
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Results-Tensile Test
NSM
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Results-VVPB Test

DP 780-CR TRIP 780
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DP 780-HY

0.3

True Strain

Flow stress curves of the five AHSS materials tested using the VVPB test (curves are
neither corrected for anisotropy, nor extrapolated)
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Results-VVPB Test

Burst pressure = 226 bars

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

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

Very high strain is obtained in the VPB test
>

Tensile Test
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correction
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True Strain

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

and VPB test (Curves are not extrapolated)
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Results-VVPB Test

— }
Co T
— ~ P——

Tensile Test

—_—
T
(o
v
v
Q
[t
—
v
Q
=
et
l—

/ ImpOrtance Of - =\/BP Test with anisotropy correction

’ correcting the curve
for aniSOtrOpy VBP Test without anisotropy

correction

0.15

True Strain

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

and VPB test (Curves are not extrapolated)
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Graph shows dome height comparison for SS304 sheet material from eight
different batches/coils [10 samples per batch]

Evaluation of Formability
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onclusions
NSM

A obtained in the VVPB test is than values obtained in the
tensile test. Thus, for providing

A Some materials under different states of state. VPB is
closer to actual stamping operations than the uniaxial tensile test

A For some materials, the flow stress obtained from the VVPB test

may be important.

A in the VPB test is a test to check

the (di fferent Dbatche

biaxial state of stress.

A Large amount of
. Thus, it is desirable to end the test as close, to the burst pressure , as
possible.
21
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Avallable Flow Stress Data [at CPF]

ERC
NSM

# Material  Thickness Source of data/ Report Author
1 ST 1403 1 mm CPH.2b/06/01 (ERC/NSMI5-R-21) [Braedel, 2005]
CPH.2b/ 07/01 [Yadav, 2005]
2 SS 201 0.25 mm ERC/NSMS8-R-01 [Sartkulvanich, 2008]
3 SS 301 0.25 mm ERC/NSMS8-R-01 [Sartkulvanich, 2008]
4 SS 304 1 mm CPF1.1/06/03 [Spampinato, 2006]
5 SS 409 - Determination of flow stressand anisotropy of
sheet metals using the ViscousPressureBulge
(VPB) test, May 2005 (Presentation on
)
6 AKDQ 0.83 mm CPR2.1/06/01 [Gutscher, 2000]
CPR2.1/07/01 This report
7 AKDQ 0.72 mm CPR2.3/07/02 [Kim, 20073a]

: 23
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UNIVERSITY

# Material

8 AKDQ

9 AISI 1018
10 1050

11 DDS
12 DR 210

13 AMS 5504

14 BH 210

15 DP 500

16 DP 590

Avallable Flow Stress Data [at CPF]

ERC
NSM

Thickness Source of data/ Report Author

2.13 mm

0.77 mm

1 mm

1.24 mm

Determination of flow stress and anisotropy of shee (Presentation

metals using the Viscous Pressure Bulge (VPB) tes )
May 2005
CPR2.3/06/06 (ERC/NSMI5-R-06) [Kim, 2007Db]
Determination of flow stress and anisotropy of shee (Presentation
metals using the Viscous Pressure Bulge (VPB) tes )
May 2005
CPR2.1/07/01 This report
CPR2.1/06/02 (ERC/NSNI5-R-45) [Bortot, 2005]
Determination of flow stress and anisotropy of shee (Presentation
metals using the Viscous Pressure Bulge (VPB) tes )
May 2005
(Presentation
,April 2008 )
(Presentation
, April 2008 )
CPF2.3/07/03 [Kim , 2008]
CPF2.3/07/02 [Kim, 20074a] 24
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29

30

31

32

Avallable Flow Stress Data [at CPF]

Material Thickness Source of data/ Report

Bare DP 980-Y 1.4 mm
type X

Bare DP 780-T 1.2 mm
Si type

GADP 780-T 1.2 mm

Al Type

GA DP 780-Y 1.2mm
type U

GADP 780-Y 1.2mm
type V

AA57540 1 mm
AA57540 1.3 mm
AA 6111 1.04 mm

Honda (Not publishedyet)

Honda(Not publishedyet)

Honda(Not publishedyet)
Honda(Not publishedyet)
Honda(Not publishedyet)

CPF1.1/08/01
CPF1.1/08/04 (obtained by a new optimization
methodology developed at the CPF)

CPF2.1/07/01

CPF1.1/08/01

CPF1.1/08/04 (obtained by a new optimization
methodology developed at the CPF)

CPF2.1/06/01
Stamping Group
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[Pathak, 2008]
[Penter, 2008]

This report
[Pathak 2008]
[Penter 2008]

[Gutscher2000]
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Available Flow Stress Data [at CPF] ERC

Sl NSM

# Material  Thickness Source of data/ Report Author
33 AZ31RO 1.2 mm CPF 1.1/ 06/ 01 (ERC/NSMHR-35) [Kaya, 2005]
T: Room temp. [Kaya 2008] [Kaya, 2008]
to 225°C
Strain rate:
0.025 to 0.25
1/s
34 AZ31B - Determination of flow stress and anisotropy of sheet
metals using the Viscous Pressure Bulge (VPB) test, M
2005 (Presentation on )
35 DQS270F GA 0.75 mm CPF 2.5/09/0&
Phosphase
coated
36 DQS270D GA 0.75 mm CPF 2.5/09/0&
Phosphase
coated
37 Aluminum 0.95 mm CPF 2.5/09/0&
X626T4P

) 26
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Thank you

Questions?
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