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Abstract. The ever increasing use of AHSS steels in automotive has laid bare a limitation in the formability 

of the materials not so apparent in conventional HSS or mild steels. This limitation is the elongation of 

sheared edges which often poses the practical limit in processing AHSS steels. There are many tests available 

that characterize this behaviour. The best known is the HEC according to ISO-16630. HEC results, however, 

scatter considerably, which means there is scope for improvement. At the previous IDDRG conference there 

has been ample debate about the HEC. but it also appears at other conferences [1]. 

Authors have been involved in evaluating three alternative tests to HEC recently [2] but all still show 

considerable scatter. Whereas the HEC is a global strain measure, i.e. an integral over the whole 

circumference, the alternatives look at more or less local strain measures. In detail: the sample is followed 

over time using an optical strain measuring method and a peak strain is established for the point at which the 

crack initiates either directly or with some additional data processing.  

One of the evaluated alternative tests has been developed by a German OEM and is used by them for 

material homologation. This KantenRissEmpfindlichkeit (KRE, Edge fracture sensitivity) test has been 

adopted by R&D of Tata Steel in order to align with the customer. However, this test requires too much 

material for use in a laboratory material development stage. Therefore a literature search was performed and 

the Sheared Edge Tensile test (SET) [3] was found which can be performed on relatively small material 

samples. The test itself is somewhat complicated to execute, however, as [3] states the test needs to be 

stopped upon fracture initiation as the area to be measured changes when deformation proceeds. Here this 

drawback was circumvented by adapting practice from the KRE test. It will be shown that the test is now 

easier to perform and that results obtained for 4 materials are similar both in average value and scatter to 

those obtained with KRE test. 
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INTRODUCTION 

The issue of edge cracking sensitivity is well known: cut or sheared edges that are 

subsequently severely stretched show fracture at strains well 

below the FLC. In the previous sentence two aspects can be 

read: cutting and stretching. As it is the most cost effective 

method to separate sheet metal cutting/shearing is the preferred 

option over e.g. laser cutting. On the other hand if a cut edge is 

not severely stretched there is no problem. But there are curved 

flanges which require stretching to be formed, and there the 

problem occurs, for instance to the rear of the B-pillar, FIGURE 

1. 

The issue is also strongly related to Advanced High 

Strength Steels, where it first appeared in TRIP. Conventional 

HSS (like HSLA’s) do not suffer and even within the AHSS family CP grades are usually not 

affected. But TRIP has issues and DP grades are also vulnerable. The attention recently given 

to edge ductility tests is due to the popularity of these grades, most specifically this applies to 

HEC but also to the search for alternatives. 

 

 

 

 

 

 
 

 

FIGURE 1. Flangeability issue 
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ALTERNATIVE EDGE DUCTILITY TESTS 

In the working group fracture (AK Rissbildung) of the German Steelindustry (VDEh) 

attention has been paid to three alternative tests. We briefly mention them here to illustrate the 

outcome of the tests is fundamentally different by definition, for details see [2]. In HEC we 

measure the diameter of the hole upon appearance of the first through thickness crack and 

relate it to the initial diameter of 10 mm. It is therefore a global strain measure, i.e. the 

average strain all around the hole is measured. If severe localization takes place before the 

material cracks, this will only marginally affect the average strain.  

One of the alternatives is the KRE test which is in essence a Nakajima test with 20mm 

wide cut samples. In this test the edge strain (in the point of failure) just before failure is 

measured. The point of failure usually, though not always, is the point of highest strain in the 

stage just before failure. This test measures locally: in case severe localization occurs before 

fracture the measured value increases rapidly. This test was invented and is being promoted 

by a German OEM which kindly informed us of the details. At R&D of Tata Steel this test is 

performed using the GOM Aramis measurement system. In this system the measurement 

resolution can be more or less freely chosen. Here we chose to have an on specimen 

resolution of 0.5 mm. 

Two other alternatives examined in the working group were the Kobe holed tensile test 

and Nakajima test with hole. The Kobe holed tensile uses a 2mm virtual strain gauge (in DIC 

based measurement system) located 1 mm away from the edge of the hole. This again 

represents a local measurement but with some averaging. Obviously by specifying the 

measurement length one is less susceptible to the change of results with measurement 

resolution. The Nakajima full round specimen is punched with a 20mm diameter hole. Similar 

to the HEC the end diameter can be measured and a global value obtained. The proponent of 

this method has also elaborated a method to extrapolate the strains back to the exact edge of 

the hole and obtain a more local measure.  

SHORT SUMMARY OF KRE TEST 

Besides the methods mentioned there are many more, but for this paper we will limit 

ourselves to the KRE test since that is used at R&D of Tata Steel to evaluate the material 

performance with respect to edge fracture sensitivity.  

In the KRE test 20 mm wide samples are drawn like in a Nakajima test using a 100mm 

diameter hemispherical punch whilst rigidly clamping the ends. Different cutting clearances 

are used (five of them) and for each clearance four samples are prepared since we want a 

minimum of three good measurements for each clearance. This adds up to a substantial test 

set, see FIGURE 2. The deformation is recorded with a DIC measurement system at 15Hz, a 

typical (individual) result is shown in FIGURE 3. The edge strain at the failure location, just 

before failure occurs, is recorded. Obviously, the time resolution imposes a limit on how 

accurate the initiation point can be captured. It seems however, that this uncertainty is much 

lower than the scatter found and thus is not of practical relevance. 

The edge fracture strains thus found are compared to the regular FLC strain found from 

the same sample geometry with machined edges. If the edge fracture strains are higher than 

the FLC the material is not sensitive to edge cracking. The criterion is likely inspired by 

practical reasons: sheet metal forming processes are always judged by comparing the  
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FIGURE 2. All samples for single material KRE test FIGURE 3. Typical screenshot Aramis 

 

occurring strains to an FLC. If during process design a process passes this judgement it will 

proceed to the implementation step. By ensuring a material can withstand the FLC strains on 

the cut edges (by demanding it passes the KRE test) the usual process design criteria can still 

be used. 

The SET test, and by implication SETi also, has no such reference. The strains measured 

are stand alone results. This drawback can be alleviated by estimating the FLC reference of 

the grade to be developed by the Abspoel-Scholting method [4]. Mechanical properties like 

A80 and r-value are usually available or can be taken from the specifications drafted for the 

development. If a grade is fine tuned the FLC reference strain is probably established in the 

previous iteration and this may be used as reference as it is not expected to change as much as 

the edge fracture strain will. 

SHEARED EDGE TENSILE TEST 

Performing the KRE test requires somewhat more material then the HEC but for a regular 

production material this is not a problem. It becomes a drawback, however, when it is to be 

used in the development stage of a grade. In that stage small quantities are lab cast, rolled and 

annealed. In the case of R&D of Tata Steel we would like to be able to assess edge fracture 

sensitivity on a postcard-size sheet of material. 

In the literature a test was found that could be performed with only little material 

available. It is termed SET: Sheared Edge Tensile test. It can be performed on a regular 

tensile test machine. The original paper by Wang et al. [3] details a procedure in which the 

test is stopped just upon failure, by detecting a load drop. Then the area of the test piece 

where the fracture will occur is measured. Finally this area is transformed to a “length strain 

at fracture” which is the actual test result. The stop upon load drop is necessary according to 

Wang et al. to prevent distortion of the cross sectional area where fracture initiates by 

subsequent crack growth. With our experience of using a DIC based strain measurement 

system (in our case Aramis) it was apparent this could facilitate the SET and make it much 

simpler to execute.  
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FIGURE 4. SETi setup showing specimen and Aramis camera. FIGURE 5. Close-up of fracture 

anomaly. 

 

Once the entire deformation sequence is measured this obviates the need to stop at load 

drop, because the critical stage can always be found again. Moreover, it can be argued that it 

can be determined much more precisely since we can examine the images for initiating cracks 

and go back one if need be. The measurement system gives us a length strain immediately 

without further processing. We coined the test: “SET improved” or SETi, with a tongue in 

cheek reference to the search for extraterrestrial intelligence since a good edge cracking 

sensitivity test seems almost as daunting a task as finding life elsewhere in the universe. 

COMPARING SETI TO KRE 

As mentioned at R&D of Tata Steel the KRE test is used to judge the edge cracking 

sensitivity of a material. Any alternative test such as SET first needs to be compared to KRE. 

So, four materials that had already been tested in KRE were subjected to SETi as well. 

The materials were different grades chosen to examine the whole range of edge ductility 

encountered in practice. To additionally judge if the resolution was sufficient for the DP800 

material an alternative was tested which was a little different. The thick lines indicate SETi 

results, for which exactly 10% and 20% cutting clearance could be obtained. The thin lines 

are the KRE test results showing five cutting clearances which are limited to the discrete 

clearance levels available in the dedicated cutting tool. Therefore KRE test results are always 

slightly different in cutting clearance from one material to the next due to differences in 

thickness. When in KRE fracture originates in the middle of the sample, no edge fracture 

strain is found and that is why a few points appear missing in FIGURE 6. 
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SETi (thin lines) vs. KRE (thick lines) 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0% 5% 10% 15% 20% 25% 30% 35%

Clearance [%]

F
ra

c
tu

re
 s

tr
a

in
 [

]

DP600

DP800 type 1

DP800 type 2

DP1000

 

FIGURE 6. Comparing KRE and SETi for all clearances 

 

The difference in edge fracture strains between different cutting clearances is not large 

certainly not when compared to the standard deviation of the mean of the measurements. 

Therefore it seems not unreasonable to average the edge strains over all clearances (two for 

SETi test vs. five for KRE test) and comparing the resulting average edge fracture strain 

between both tests. This is plotted in FIGURE 7 and it shows both tests have very good 

correspondence. 

SETi vs. KRE
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FIGURE 7. Correspondence of average fracture strains SETi and KRE tests 

COMPARING SETI TO SET 

In the paper of Wang et al. [3] the 10% and 20% cutting clearance produced clearly 

different results albeit converging to the same level with increasing strength, see FIGURE 8. 
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For the current work this difference was not seen, both cutting clearances produced 

comparable results, although the decreasing trend with strength was found, FIGURE 9. The 

difference in trends between this work and Wang et al. could be due to micro-structural 

differences between the materials but it is more likely related to the quality of the cut edge. 

Obviously, a cutting tool in a press shop will wear continuously until it is being refurbished. 

To capture this behaviour in reproducible laboratory circumstances different (i.e. suboptimal) 

clearances are added to these edge ductility tests. However, comparing FIGURE 9 to the 

numbers in Table 3 of McEwan [5] indicates that the effect of worn tooling is much larger 

than that of extreme clearance. Conclusion: suboptimal clearance in the lab cannot mimic 

worn tooling. The sensitivity for tool sharpness can probably explain why Wang et al. (using 

their own different cutting tool) did find sensitivity to cutting clearance and we did not. 

 

SETi results as function of grade
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FIGURE 8 . Influence of clearance reproduced from 

[3] 

FIGURE 9. Relation of edge fracture strains with 

strength 

 

The cutting device used at R&D of Tata Steel is definitely not representative of practice, 

in that it is in optimum sharp condition. The knives are of such shape that before each test 

series the knives can easily be reconditioned using a whetstone, and this is common procedure. 

RELATION TO HEC 

HEC results for the materials tested here were also available and are plotted in FIGURE 

10, relative to SETi edge fracture strains. It is apparent that the global trend is there, which 

makes sense since both methods try to measure the same phenomenon albeit in different ways. 

But when trying to distinguish between different alloying options for the same grade the 

correspondence is simply lacking. So far only a few materials have been tested, so the 

conclusion is rather wobbly. More materials will be tested in the near future to confirm (or 

falsify) this observation. 
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SETi vs. HEC
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FIGURE 10.  Correspondence of average fracture strains SETi and percentage HEC 

 

In recent literature Gula [6] compares in-plane (flat nosed punch) and out-of-plane (ISO 

16630) edge stretching tests. In-plane testing returns on average half the HEC as does the ISO 

method. The hypothesis of a stabilising effect of contact (also postulated by Larour) is 

supported by the observation that strains around the hole are uniform in the ISO HEC test but 

often inhomogeneous in the in-plane test. This makes the latter report lower HEC values since 

somewhere around the circumference the limit is already reached whereas other areas have 

deformation to spare. Looking at some distance from the hole the strains are most localised at 

hole edge in ISO test, and not much further spread in the other out-of-plane test. But the in-

plane test shows the strains to be still large much further away from the hole. With respect to 

thickness the ISO shows a strong gradient over thickness, and in-plane test has no gradient. 

In Larour illustrates convincingly that often the stretch flangeability is necking 

controlled and could therefore just as well be predicted from an FLC. However, he says, the 

ISO HEC test stabilises the deformation suppressing the necking and as such gives the actual 

fracture strain. Larour postulates, however, that this is not the HEC value relevant to practice 

since the stretch flangeability is limited in practice by necking anyway. We would not 

necessarily agree with this. Depending on the process design chosen to make a part the stretch 

flange may resemble the in-plane situation or the out-of-plane situation. An example of the 

former would be the flanges on the bottom T-shape as is seen on B-pillar reinforcements; 

whereas an example of the latter would be collar forming as seen on suspension components. 

R&D of Tata Steel is of the opinion a local fracture strain criterion is the most useful. Any 

stabilising effects (such as in ISO 16630) should be treated by the simulation just like necking 

can be picked up (given sufficient resolution). Simply said: given a local edge fracture limit it 

should be feasible to derive a global limit strain from simulations. And comparing the 

absolute value of the edge fracture strains to an FLC/HEC diagram (McEwan, [4]) is preferred 

to relating edge fracture strains to the FLC, as happens in KRE. Absolute values prevent a 

material from suddenly failing the KRE test while edge fracture strains remain the same 

simply by increasing the FLC. Ensuring that the FLC also predicts formability of cut edges 

was a useful solution, but now that most codes have a “cut edge strain” criterion this solution 

is just as simple and more physically correct. 
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CONCLUSION 

An alternative edge fracture sensitivity test has been developed based on the Sheared 

Edge Tensile (SET) test found in literature [3], and baptised SETi. The SETi test is simpler to 

execute than SET but requires the availability of a DIC strain measurement system. The 

interpretation of measured data is very similar to the KRE test and as such presents a local 

fracture strain measure rather than a global strain prior to fracture as does the conventional 

ISO HEC. As such HEC and SETi (or KRE) tests produce different results on the small scale 

(grade development) but on a larger scale there is correlation (comparing different grades). 

Differences between ISO HEC and other methods including SETi can be related to 

literature and are probably relevant to practice in that some processes are better judged by ISO 

HEC and some by SETi / KRE. 
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