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The use of joinable formed sheet parts made of high-strength and high-tensile materi-
als requires specifically adapted cutting technologies to guarantee the requirements for
dimensional accuracy. The cutting technology used, together with the tool and the ma-
chine, determine the parameters of the final part, depending on the geometry to be cut
and the semi-finished products selected, although the interaction of the workpiece / tri-
bology / tool system is important. It is therefore necessary to modify the tool design for
cutting tools in shearing and precision cutting processes and to select appropriate tool
materials of steel and ceramics whilst ensuring that the coatings used are sufficiently
durable.
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0. Initial Situation / Loading Parameters

Processing high-strength and high-tensile steels requires forming and joining pro-
cesses, but cutting operations are also playing an ever greater role. The goal is to
produce joinable parts which do not require any subsequent machining, particularly
in the case of complex cutting line geometries it is often not possible. Consequently,
there is a need for a high quality cutting surface, i.e. high dimensional accuracy, a
significant proportion of flush cutting and a reduction in the height of the burr.

By using high-strength steels, the changes in strain and strain hardening quality
compared to conventional sheet-metal materials have a crucial impact on component
quality, spring-back behaviour or dimensional accuracy. In the interests of ensuring
an acceptable tool life for forming and trimming these materials, the design of
the tool active parts, the choice of suitable tool materials as well as the use of
coatings that are able to cope with the relevant loads assume special importance.
These considerations have and still do form the basis of numerous research activities
carried out by the Fraunhofer-IWU with various partners.
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1. Studies on Cutting and Perforating

Depending upon the geometry to be cut and the semi-finished products to be used,
the major factors for deciding on the parameters for the cutting component are the
applied cutting technology along with the tool and the machine. Here the interaction
of the workpiece-tribology-tool system is of special importance.

Shear-cutting is an established cutting technique for large-scale production of
cut parts. It is a widespread practice in many small and medium sized enterprises
working in the engineering and automotive supply sectors. To achieve high precision
in components, the use of fine blanking, recutting with and without vibration over-
lapping, as well as precision cutting is applicable.! Selection of the cutting technique
used depends on whether, within the framework of optimising the cutting processes,
the focus is, for example, on a low level of burr, a high proportion of flush cutting
or even on minimising the cutting force.

2. Ceramic Materials and Carbide

Extensive studies on the use of hard materials in cutting tools have demonstrated
significant advantages including major wear resistance and improved tool edge life,
at the same time as a microstructure adjusted to a defined level and, in the case of
ceramics, a low level of adhesion tendency and resistance to corrosion.?:°

Smart ceramic components, for example, are susceptible to impact and collapsing
stress which means that the punch and die have to be precisely guided. Other issues
essential to successful tool design using ceramic tools for cutting are preventing
axial play in the receptacle of the punch head and the geometric design between
the head and punch shaft. A reasonable limit to the use of ceramic punches is a
maximal tensile strength of 500 N/mm? of the workpiece and its materials.? There
is often fracture failure with sheet metals with higher tensile strength caused by
excessive return traverse forces. For this reason, it is advisable to have a specific
polished section on the punching edge as this can have a positive effect on reducing
edge break-outs on punches made of SigN, when perforating DP 500. Incorporating
these findings into the design process when using ceramic tool materials makes it
possible to achieve high tool life quantities as is shown by the studies in Ref 3.

In analyzing cutting force measurements using punches made of carbide and
powder-metallurgic, the slightest fluctuations in cutting force over a variety of cut-
ting edge geometries were determined. This fact should be taken into consideration
in the design of cutting tools.

Fraunhofer IWU’s own research in shear-cutting with modified cutting geome-
tries showed the development of wear behaviour in punches made of carbide V30
(WC-Co) while working with high-tensile TRIP 700 and CPW 800 materials. In
comparison with other tool materials, tracks of hard cutting edges on strips were
only minimally apparent on the punch surfaces. Furthermore very low adhesion of
workpiece material could be determined. However, after 7.000 cuts a minor failure
was identified at the cutting edge (Fig.1), although the break-out did not increase
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in subsequent tests and it had no influence on the cutting results. By using the
specific polish successfully applied on punches made of ceramics, it is possible to
slow down or to avoid such failures.

cutting edge geometry
at measuring point 2.
carbide, straight cutting edge
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Fig. 1. Punch made of carbide, straight cutting edge - failure (break-out) after 7.000 cuts

3. Coating Systems for Cutting (conventional sheet metal
processing)

The manufacture of complex system components, made of high-tensile sheet-metal
materials, organically coated sheet metals or aluminium-based materials, requires
specifically adapted technologies. In a wide variety of cutting operations, tool life
can be considerably extended by making use of coated active components and their
friction- and wear-reducing effect, whilst at the same time minimising of the use of
lubricants.*56

Carbon-based thin-layer systems can be used for perforating and trimming alu-
minium sheets due to their low friction coefficient, low adhesion inclination and
high resistance to adhesive wear. On the basis of research studies on the punch-
ing of various sheet materials such as aluminium and high-strength steels using
press PEEV 25.2) the enhanced multiple-layer system made of a nitridic hard ma-
terial layer + a-C:H:W (CrN+W-DLC) has proved most effective. It responds very
durably to brief layer overstressing which in practice regularly occurs due to faults
in the tool geometry, tool guidance or hard abrasive particles.

Based on these results, the PVD coating system was also tested during cutting
processes using high-strength steels TRIP 700 and CPW 800 while applying cutting
tools made of high-speed steel (1.3343). Together with TiC-coated active tools, made
of alloyed cold work steel, research regarding the open cutting line has been carried
out with various cutting edges. The assessment of the layers after 10.000 cuts showed
the following results: Whereas there was no identifiable damage on the layers of the
PVD-coated-punch, considerable traces of abrasion emerged on the coat (Fig. 2).
Independent of the geometry of the cutting edge, the same damage symptoms on
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the punches occurred with this type of coating:

e wear due to proceeding abrasion, with locally highly differentiated characteristics,
e rapid progressive wear (creation of grooves) after pull down of the W-DLC-layer,
e after exposure of the basic material, adhesion of the sheet material.

Fig. 2. Punch with straight cutting edge, after 10.000 cuts in TRIP 700, coating CrN + W-DLC

The evaluation of the punch manufactured from 1.2363 with TiC-layer showed a
better adhesion of the coating on the cutting edges. Generally this is a benefit of
the coating applied using the CVD method. As the adhesion tendency is higher
in comparison to the CrN+W-DLC-layer, material adherences appeared at an in-
creased level on the punch (Fig. 3). Continued experiments involving up to 70.000

Fig. 3. Punch with straight cutting edge, after 10.000 cuts in TRIP 700, coating TiC

cuts revealed a very different wear behaviour on the CrN+W-DLC coated punch
with angled cutting edges. In addition to local layer peelings in the area of the cut-
ting edge, a disruption of the W-DLC-overlay in the area of the edge on the front
surface was observed (Fig. 4). Despite an extended cutting gap in comparison to
the other tool material types, layer peelings occurred. Material particles may have
been caused a narrowing of the cutting gap.

By contrast, the punch made of 1.2363 with the TiC-coating showed, with the
exception of minor peelings, no further damage (Fig. 5). The DLC-coating system
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must therefore be evaluated as non-load-related for this application.
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Fig. 4. punch made of 1.3343, coated with CrN+W-DLC, angled geometry, after 60.000 cuts in

TRIP 700
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Fig. 5. Cutting edge on the punch made of 1.2363, layered with TiC, geometry angle, after 60.000

cuts in TRIP 700
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If coatings applied by the PVD-method are supported by a upstreamed plasman-
itriding, the gap in performance between the PVD-layers and the CVD-layers can
be minimised without re-hardening the tools, essential with CVD-layers.” This is
confirmed by endurance studies at the Trumpf machine centre (Fig. 6). In compar-
ison to a CVD-coated punch which showed the first indications of layer destruction
under the microscope after 10.000 cuts, the PVD-coated punch displayed layer de-
struction after 100.000 cuts (golden TiN) on only a few parts of the surface (Fig.7).

Fig. 6. . Trumpf CNC-machine centre TRUMATIC TC 5000R
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Fig. 7. Evaluation of the layers after the analysis of the tool live time researches (Source: Eifeler)
Punch (Left): tool material 1.2363, Plasmanitriding + TiC coating (PVD), after 100.000 cuts in
TRIP 700 and Punch (Right): tool material 1.2363 with TiC/TiN coating (CVD), after 50.000
cuts in TRIP 700
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4. Conclusions

Using hybrid systems consisting of ceramics, carbide and steel and using carbon-
based multiple-layer systems is one method of responding to the higher demands
placed on the active components in cutting tools, particularly for working high-
strength sheet metal materials. As illustrated in the previous examples, local over-
stressing can lead comparatively quickly to a break-out on the cutting edges or
to a complete failure of the coating and can often have an important impact on
the usability of the tool. Chamfered cutting edges are recommended for increased
quantity in the life of tools made of ceramics and carbide.

The cause of local overstressing is often due to missing adjustments between
coating, basic material and process-related stress peaks. This latter finally led to
a breakdown of the CrN+4+W-DLC-layer system while cutting the high-strength
TRIP 700 material.

Acknowledgements

The findings in this report are based upon research projects funded by EFB and
FOSTA or conducted in joint cooperation between the Fraunhofer Institutes IKTS
in Dresden and IST Braunschweig, Germany.

References

1. U. Leib, W. Demmler, F. Garreis and H. Kogel, Precision Cutting of Hot Coil Strips of
different Steel Materials and Sheet Metals of Selected Aluminum Alloys (Blech Rohre
Profile 44 (1997) 11, p. 58-61).

2. R. Schober, V. Kriusel and T. Frey, Ceramics and Carbide for Forming Tools (Flyer
on fair EUROBLECH 2002).

3. H. Hoffmann, D. Loibl, W. Hermel and R. Schober, Using Ceramics for Punching
(EFB Research Report Number 204, 2003).

4. H. Bréaunlich and M. Demmler, The Behaviour of Coatings on Sheet Metals when
Forming and Cutting (3. Stahl-Symposium - Werkstoffe, Anwendung, Verfahren
Diisseldorf, Tagungsband 749, 2003).

5. R. Neugebauer, M. Putz, H. Braunlich and V. Kréusel, Cutting and Perforating - A
Development-Oriented Field of Sheet Metal Working (International Conference ”New
Developments in Sheet Metal Forming Technology”, Fellbach, 10. - 12.05.2004, p.
255-276)

6. M. Weber, High-Toughness Carbon-Based Multiple-Layer Systems for Forming and
Punching Tools (Fraunhofer IST Information Series 2005).

7. V. Krausel, P. Weigel and R. Wolf, DUPLEX-Treatment of Active Tool Parts for
Cutting of High-Strength-Steels, (Blech Rohre Profile 10 (2006), p. 14 - 16).



