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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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The main dhanges compared to the previous edition are as follows:

1) The titfle was changed to haye three elements.

2) Clauses 2 and 3 were“added from the previous edition, and the subsequent sections W
renumpered.

3) The dgscription.of when to use this document (ISO 12004-1) or ISO 12004-2 was revised in
Introdpction;

4) Throughout the document the use of engineering strain was clarified.

5) Subclause 6.2 was extended to include what was the subsequent Clause in the previous version.

6) The former note was moved to part of Clause 7, since it gives permission to use another method.

7) The text in Annex A and the figure captions in Annex B were clarified.

Alist of all parts in the ISO 12004 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete li
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Introduction

A forming-limit diagram (FLD) is a diagram containing measured major/minor strain points on a
formed part.

An FLD can distinguish between safe and necked, or failed, points. The transition from safe to failed
points is defined by the forming-limit curve (FLC).

To determine the forming limit of materials, two different methods are possible.

1)

2)

ndent FLCs

In the press shop, strain paths to reach these points are generally not known. Such-anF]1
on the material, the component, and the chosen forming conditions. This methodis d
this document and is not intended to determine one unique FLC for each materjal.

Determination of FLCs under well-defined laboratory conditions

For evaluating formability, one unique FLC for each material in-several strain sta
measured. The determination of FLC must be specific and uses muttiple linear strain
[SO 12004-2 is intended for this type of material characterization:

,C depends
bscribed in

tes can be
paths. The
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M

etallic materials — Determination of forming-limit

curves for sheet and strip —

Part 1:
Measurement and application of forming-limit diagrams in

th

e pressshop

1 [Scope
Thip document specifies a procedure for developing forming-limit diagrams@und forming-limit curves
for metal sheets and strips of thicknesses from 0,3 mm to 4 mm.
2 [Normative references
There are no normative references in this document.
3 |Terms and definitions
No terms and definitions are listed in this documentt
[SO|and IEC maintain terminological databases for use in standardization at the following addresses:
— |ISO Online browsing platform: availabléat https://www.iso.org/obp
— |IEC Electropedia: available at http://www.electropedia.org/
4 (Symbols and abbreviated terms
Theg symbols and abbreviatéd terms used in forming-limit diagrams are specified in Tgble 1, and
examples of grid patterns.tised are given in Annex B.
Table 1 — Symbols and abbreviated terms
Symbol Definition Unjt
) Original gauge length of grid pattern mrp
Iy Final length in major strain direction mrp
Ly Finallength at 90° to major strain direction mi
e Engineering strain %
e Major engineering strain %
e, Minor engineering strain (90° to major) %
FLD Forming-limit diagram —
FLC Forming-limit curve —
5 Principle

A pattern of precise gauge lengths of appropriate size is applied to the flat surface of a metal sheet test
piece, then the test piece is formed until fracture, and the percent change in the gauge length in the
major direction and in the minor strain direction at 90° to this is measured in order to determine the
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forming-limit under the imposed strain conditions. A number of repeated tests under varying strain
conditions are carried out to provide data for the forming-limit curve (FLC) for the material when these
limiting strains are plotted on the forming-limit diagram (FLD) (see Figure 1).

6 Test conditions

6.1 Gauge lengths in the range of 1,5 mm to 5,0 mm are recommended. The actual gauge lengths shall

be known to an accuracy of 2 %.

6.2 Durifig the forming of test pieces, the strain In the critical area shall be uniform before onsgt of
necking. In order to achieve this, any set of tooling employing a holding force and a deformation-force

may be us€d to develop the limiting strain condition.

6.3 The forming-limit curve shall be plotted on the forming-limit diagram. Figure 1 shows an example

of a forminfg-limit curve.
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Figure 1 — Typical forming-limit curve
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Procedure

The procedure for the determination of the forming limit is as follows:

1y
2)

3)

4)

5)
6)

7)

8

Take a representative sample of the material to be evaluated.

Apply a suitable grid pattern, that has been checked for accuracy of the initial gauge lengths, to the
surface of a test piece in areas of the part to be formed which are known, or have been established

by investigation, to be critical.

Any test device that satisfies Clause 6 may be used to form the test piece, such as a universal

Tensiie Testing machineg, a Stamping press, a cCUppIng Press, a nydrautic bulge maciin
combinations or any other equipment capable of clamping the test piece and applyin
deformation force in an area remote from the edge. A universal testing machine may be
and forming limits established using a tensile test.

Test pieces shall be tested while clamped around the whole of their periphefry or shall

e and their
g a plastic
e employed

be cut into

strips of varying widths to give a range of strain conditions. The surfacebetween the plﬂ;)ch and the

specimen shall be suitably lubricated using a standard product for the operation. A co
polyethylene sheet and lubricant can be used.

Stop the test at the first occurrence of fracture.

Determine the engineering strains e; and e, as follows:

ination of

a) Measure (for example with calliper or optical measurement system) three adjapent gauge
lengths in the direction of e; that were originallyin a straight line. Repeat until the three values
obtained are the same to within £10 %. Rece¥d the average of these three values ag [;. A more
accurate method may be prescribed as provided for in ISO 12004-2[21,

NOTE Although engineering strain_is‘specified in this document, true strain is spegified in the
forming limit determination for ISO 12004-22],

b) Ifitis not possible to obtain thriee values within +10 %, form a new test piece and|repeat the
measurements.

c) Select one of the gauge lengths measured in step 6) a) and measure the gauge length at 90° to
the original e; direction, and report this as [,.

d) Calculate the pefcent engineering strains e; and e, as follows:
1y -1

e; =1—0x100 (1)

0
I, &1
e, =295100 2)

)

Make measurements on a sufficient number of test pieces to plot a forming-limit curve

Interpretation of results

8.1 Plote, against e, on a forming-limit diagram. As shown in Figure 1, the major engineering strain e;
is plotted along the Y-axis and the minor engineering strain e, is plotted along the X-axis.

8.2 Draw the forming-limit curve through the points of maximum e, strain (see Figure 1).

8.3 The effect of a forming operation on a particular part may be estimated from the diagram by
measuring the strains in critical areas and comparing the results with the curve for the material used.

© IS0 2020 - All rights reserved
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9 Testreport

9.1 The testreport shall contain the following information:

a)
b)
‘)
d)
e)
f)
9.2
a)
b)
‘)
d)
e)

areference to this document, i.e. ISO 12004-1:2020;

the ide

ntification of the test piece;

the thickness of the test piece;

the forming-limit curve (FLC) plotted on the forming-limit diagram (FLD) (as shown in Figure 1);

the galllge length of the grid pattern used;

lubricd

The test report may also include the following information:

selects
the chq

a descy

tion conditions.

d mechanical properties of the material tested;

"iption of the procedure used;

the type of grid pattern used;

detailg

bmical composition (percentage content of major elements) of theuriaterial tested;

of any deviation from the procedure specified (see, ih-particular, Annex A).
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Annex A
(informative)

Modification to forming-limit curves

To accommodate the variations experienced in the production of a given commercial product and
to 3 1o obemade {9 nowhn—ditferences—such3 he—different-behawviour of similar
materials of different thicknesses when formed using the same tooling, or different strainthardening
chafacteristics, modifications have been proposed to the forming-limit curve. These, mddifications
displace the curve upwards for thicker materials and for materials with a higher strain|hardening
exppnent (n-value) (see ISO 10275M1). Such modifications to FLCs have not been established as viable
cortections and, if employed, shall be specifically noted in the test report.

Figuiire 1 shows an example of an FLC. Deformed areas in a formed part whiclhave strains lying above,
or dlose below, the FLC are likely to fail. These points should be examin€éd\to either reduce the strain or
replace the material with another having a higher FLC.

© IS0 2020 - All rights reserved 5
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Examples of grid patterns currently in use

Annex B
(informative)
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Figure B.1 — Examples of various types of circular grid patterns

Figure B.2 — Example of a circular grid pattern with centre crosses
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Figure B.3 — Example of a circular grid pattern with lines
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