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Current challenges in sheet metal forming

The demand for CO2 reduction and low vehicle weight

requires consistent lightweight design.
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Forecast of the global sheet metal market until 2027

In sheet metal forming, lightweight
design leads...

* to more complex component
geometries

* to multi-material design ("the right
material in the right place")

* to the adaptation and change of
methods and processes

 to further growth of the sheet metal
market worldwide

* to the replacement of conventional
materials with modern lightweight
materials

[audi.com]

Body in multi-material construction and front door

3 23.10.2023 Ulm / Dr. Harald Schmid

Zwick [ Roell



Current challenges in sheet metal forming

The use of lightweight materials is often connected to a
loss in formability.
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Applications mainly in automotive engineering, mechanical (st gillion)
engineering and construction, but also in packaging . . l
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— These materials are usually more difficult in forming processes HEER . . . l l l I I
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— Failure in the forming process is therefore more likely e A s W sl B L Ao B Pkl st B Rl
[polarismarketresearch.com]
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Current challenges in sheet metal forming

Failure analysis and failure prediction is an essential part
in the sheet metal forming process

« Approximately 1/3 of total forming tool costs in deep
drawing are due to corrections during the run-in process

 Simulation of deep drawing processes with the aid of FEM
(Finite Element Method) is therefore becoming increasingly

important )

* The aim is to produce faultless components
and to prevent failure due to wrinkling and / or tearing
+ Various material parameters are necessary in a simulation

* For the failure analysis of sheet metal materials:

FLC - Forming Limit Curve [autoform.com]
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Introduction to the forming limit curve

The forming limit curve (FLC) represents the failure
behavior of a sheet metal material

Uniaxial strain Biaxial strain
General procedure:
1. Critical strain combinations are generated = g il r r
2. Different strain states with variation of the widths (e.g. S40) > - ~ 4 azr 4 i 4

3. Comparison and evaluation of the results with deformation #5340 @0mm)

changes on components or in a simulation
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Determination of the forming limit curve (FLC) based on the major 2 o = E E
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Comparison of materials (suitability for the process?) \{\.K / / Forming Limit Curve (FLC)
 Simulation (FEM) and analysis of failure behavior R
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Introduction to the forming limit curve

The forming limit curve (FLC) describes the formability of sheet metal
materials until to failure due to necking.

Major strain is defined as ;he Minor strain is the strain
strain in the direction o dicular to th
perpendicular to the
maximum elongation. 10 main strain
Major Strain
on vertical axis T -
{always positive)
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Introduction to the forming limit curve

The forming limit curve is used in a) forming simulations or b) in
evaluation on already produced components.

a)
-
o,
Strain distribution
. . in a part
Simulation P
Part [tatasteel.com]
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Forming simulation using FEM vs. FLC [formingworld) Strain distribution in a deep drawn component ys. FLC
Zwick / Roell
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Test setup and analysis of the forming limit curve

The determination of a forming limit curve for sheet
metal materials is standardized by ISO.

Nakajima test Marciniak test

+ Use of Nakajima or Marciniak geometries ‘ e
* Sheet thickness from 0.3 to 4.0 mm, ‘ :

— Recommendation: steel up to a maximum of 2.5 mm . Ry
 drawing speed 0.5 - 2.0 mm/s | - b AT
« n = 3 specimens per geometry —— B
* Frequency min. 10 images / mm

* Orientation to rolling direction according to standard
depending on the material

o

T

Q ’ 3D DIC
Cameras

Standards

* DIN EN ISO 12004: Metallic materials - Determination of forming-
limit curves for sheet and strip

« Part 2: Determination of forming-limit curves in the lab RS/R8 mm Die
Part 1: Measurement and application of forming-limit diagrams in the press shop Sheet
« ASTM E2218-15: Standard Test Method for Determining Forming Limit Curves @ 105£5 mm ‘. T Blank holder
@ 100+2 mm I
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Test setup and analysis of the forming limit curve

During the forming process the local strains on the sheet
metal are analyzed using 3D DIC

Testing process according to ISO 12004-2:2021:
* Lubrication and preparation of specimens
+ Clamping of specimen with blank holder

@Specimen is formed with punch
— No flow of the material from the side allowed
— Recording of local strains up to the crack

(2) The lastimage before crack is evaluated
— Evaluation using section lines

— Analysis of strain in the last image before crack
@ Re-calculation to necking according to standard

@ Transfer of €, — €, into the diagram

e

f_/:'-‘-""‘ﬂa- o
' Winor strain
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[Hotz et al ]
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Test setup and analysis of the forming limit curve

Video: Strain analysis to determine a forming limit curve
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[GOM Zeiss]
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Sheet Metal Testing Machines BUP

ZwickRoell offers an integrated solution for the analysis and
determination of a forming limit curve.

1) Material testmg machln.e Zwick IRoeII
» Sheet Metal Testing Machines BUP
,?5'.‘ » Specimen forming without material flow
Q@ 2) Strain analysis =
|  Optical 3D DIC System
* Analysis of strains and calculation 39.'“ .

—_—

Zwick [ Roell

3) Software

e
m- ° testXpert ]|
=5 | - Digital interface for optimum use of ARAMIS,

BUP testing machine and testXpert Il Zwick IRoeII
testXpert
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Sheet Metal Testing Machines BUP

BUP -

An all-rounder for
the sheet metal

BUP100 testing and analysis

130kN

« Various applications

 Integrated functions such as
blank holder, punching, pulling
and ejecting

* Flexibility through simple and
fast changes of forming tools

zwick [ Roell



Sheet Metal Testing Machines BUP

The BUP: Ergonomic design coupled with sophisticated
technology.

| = Tesl
1-Einrichten

« Drawing force from 130 kN to 1000 kN (depending on model )
» Speed depending on the model 0.5-1200 mm/min (0.008-20 mm/s)
« Control of the drawing speed and the blank holder force

 Operation via display and / or testXpert software

 Simple and flexible exchange of tools

* The resolution of the travel is 0.001 mm

* The housing cover can be opened quickly.

» Safety due to 2-hand operation for closing / opening
 Key switch for switching between setup and test mode

* The test tools of a BUP can be changed easily and quickly.
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Sheet Metal Testing Machines BUP

ZwickRoell offers a strain rate control for the BUP sheet
metal testing machine as a further option.

* The strain rate influences the results of material testing for strain rate

No strain rate control

dependent materials (e.g. deep drawing steels DC). L M

— During forming, material is thinning (also in FLC) 8 § %

— At constant drawing speed, the strain rate increases steadily c o g

— Specification in the standards often with constant speed g . 2‘?
- Strain rate control using 3D DIC system and the digital L

interface with BUP testing machine

* Implementation already standardized in other tests
— Tensile test according to DIN EN I1SO 6892-1, method AT
— Tensile test according to ASTM E8, method B (closed loop)

. . .. . H | : il-!-ﬂ-m»—ﬂw-— :
« Strain rate control for strain rate sensitive materials Evaluation area : L._‘!'}T‘i.... i

Zeit
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Sheet Metal Testing Machines BUP

ZwickRoell
sheet metal
testing
machines meet
all requirements
for testing of
formability of
sheet metal in
accordance with
the common
standards and
procedures.

Test method Standard BUP100/200 BUP400/600 BUP1000
Cupping test 6D‘ngl ENISO 20482, ASTM E % % %
Earing test SWIFT, EN 1669, ISO 11531 X X X
FLC ISO 12004 on request X X
Bulge DIN EN ISO 16808 X X X
LDH n/a X X X
Springback test  n/a X X X
Engelhard test n/a X X X
Fukui test JIS-Z-2249 X X X
Swift n/a X X X
Hole expansion  KWI, ISO 16630 X X X
Coatings test DIN EN ISO 1520 X X X
U-Bead test n/a X (X) (X)
X X X
Customized test n/a X X X
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Summary and outlook

The forming limit curve is used to analyze and predict
the failure behavior of sheet metal materials.

bei
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« The trend towards lightweight materials continues - the forming process gets
more difficult as a consequence.

* The forming limit curve is and remains the way to go for failure analysis for
sheet metal materials.

* The test procedure and evaluation are internationally standardized.
* A comparison with simulation data or real components is possible.

« ZwickRoell offers a solution in cooperation with GOM ZEISS. The 3D DIC
system can be easily integrated.

* Further functionalities in the BUP are available.

The BUP can be explored with an implemented 3D DIC
system in the metal center.




Literature and sources (selection)

* Sheet Metal Market size is set to grow by USD 73.29 billion from 2022 to 2027; the growth in the manufacturing sector to drive the market growth - Technavio
(prnewswire.com)

* https://metalformingmagazine.com/article/?/quality-control/material-testing/introduction-to-strain-analysis-the-forming-limit-curve
*  GOM: Anwendungsbeispiel: Materialprifung

* https://automotive.arcelormittal.com/products/flat/drawing_steels/drawing

* Produktion.de, https://www.produktion.de/technik/neue-a8-karosse-besteht-erstmals-aus-vier-werkstoffen-101.html

+ Affronti, Emanuela. 2020. Evaluation of failure behaviour of sheet metals. FAU Studien aus dem Maschinenbau Band 342. Erlangen: FAU University Press. DOI:
10.25593/978-3-96147-304-5.

+ David Jocham, Bestimmung der lokalen Einschniirung nach linearer und nichtlinearer Umformhistorie sowie Ermittlung dehnungs- und
geschwindigkeitsabhdngiger Materialkennwerte; 2018; ISBN: 978-3-95884-012-6

* Merklein, M., & Schmid, H. (2019). Versagensanalyse unter prozessnaher Vorbelastung durch Gberlagerte Zug- und Wechselbiegebelastung.
* Berechnung der Grenzformanderungskurven: Schnelle und einfache Methode mit verbesserter Genauigkeit, tatasteel

* Hotz, W, Merklein, M., Kuppert, A., Friebe, H., Klein, M., 2013. Time Dependent FLC Determination Comparison of Different Algorithms to Detect the Onset of
Unstable Necking before Fracture. KEM 549, 397-404. https://doi.org/10.4028/www.scientific.net/kem.549.397

* Merklein, Affronti, Volk, Jocham: Verbesserung der zeitlichen Auswertemethoden von Versuchen zur Ermittlung der Grenzformanderung und Ableitung eines
virtuellen Ersatzmodells

* Hora, Pavel & Gorji, Maysam & Berisha, Bekim. (2016). Modelling of fracture effects in the sheet metal forming based on an extended FLC evaluation method in
combination with fracture criterions. IOP Conference Series: Materials Science and Engineering. 159. 012030. 10.1088/1757-899X/159/1/012030.

* Mischenborn, W.; Sonne, H.-M.: EinfluB des Formanderungsweges auf die Grenzformanderungen des Feinblechs. Archiv fiir das Eisenhlittenwesen 46(1975)9,
S.597-602

« Siegert, K. (Hrsg.): Blechumformung - Verfahren, Werkzeuge und Maschinen. Springer Vieweg:, 2015
+ Klocke, F,; Kénig, W.: Fertigungsverfahren 4 - Umformen: VDI-Buch. Springer-Verlag Berlin Heidelberg, 2006, 5., neu bearbeitete Auflage
« Tekkaya, A. E.; Altan, T.: Sheet metal forming - Fundamentals. ASM International, 2012

22 23.10.2023 Ulm / Dr. Harald Schmid ZWiCk IROe"



