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Hybrid Steel Enhances
Component Performance
at Reduced Weight

Ovako is presenting a hybrid steel with more than twice the yield and
tensile strength of conventional steel when operating at temperatures up to
500 °C. The steel opens up new design possibilities for high-performance
components with reduced weight and lower production costs.
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FIGURE 1 Hybrid steel on the cooling bed (© Ovako)
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offers the same performance while being sui-
table for more cost-effective high volume
steel-making processes.

Hybrid steel has been developed to bridge
the gaps between the previously well separa-
ted categories of tool steel, maraging steel,
stainless steel and lower alloy engineering
steels. It offers attractive properties from all
four categories with superior mechanical
and fatigue strength to conventional steels,
especially athigh temperatures. Most impor-
tantly, hybrid steel has more than twice the
yield and tensile strength of conventional
steel when used at temperatures up to 500 °C,
Figure 2.

In addition to this behavior at elevated
temperatures, hybrid steel also offers pro-
perties that enable new lightweight, high-
performance products across many
applications.

Combination of Hardening
Mechanisms

It is the hybrid combination of secondary
carbide hardening and intermetallic precipi-
tation hardening mechanisms that has resul-
ted in the development of hybrid steel.
Secondary carbide hardening results from
the formation of small carbide particles
which make the steel more resistant to defor-
mation, and is usually associated with tool
steel production. Precipitation hardening
involves different intermetallic precipitation
phases which increase the steel’s strength,
and is normally used for maraging steel pro-
duction. Hybrid steel is the most successful
attempt to date to bring these two mecha-
nisms together. It can be produced by normal
air-melt processes, which enables large
volume capabilities and cost-efficiency.

In addition to its exceptional properties
in end-use applications, there is the poten-
tial for the new steel to offer a reduction in
the number of processing stages to take the
steel from blank to finished component.

The main benefit during production is
the way that the steel develops its full hard-
ness only after aging. That means a com-
ponent can be hardened without any sig-
nificant distortion. Ultimately, this could
enable a simplification of the manufactu-
ring process with a reduced number of sta-
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FIGURE 2 Hybrid steel offers high strength at high temperatures

(© Ovako)

ges required, resulting in reduced produc-
tion costs.

Creating welded steel components is
often a challenge for designers as the welding
process can result in a significant loss in the
steel’'s mechanical properties. With hybrid
steel it is now possible to manufacture wel-
ded components that can then be aged at
moderate temperatures to achieve their full
strength, far beyond what most steels can
achieve, with homogenous properties across
the welded joint.

Segregation

In elevated temperature applications, con-
ventional engineering steel lacks the neces-
sary mechanical and fatigue strength and
oxidation resistance. In which case a desi-

segregation. This is where some alloying
elements migrate to areas where they cause
weakness. Preventing segregation requires
very precise control of the steel-making
process. That is why secondary hardening
steels are generally more expensive than
conventional steels. Figure 3 illustrates why
segregation is a challenge for secondary
hardening steels.

Secondary and Intermetallic
Precipitation Hardening

The aim in developing hybrid steel was to
find a steel that could deliver the required
performance as well as being capable of cost-
effective high volume production. Following
along development program it was determi-
ned that the optimum route was to utilize a

Different hardening mechanisms
were combined for the development.

gner would normally specify a highly allo-
yed secondary hardening steel - these
types of steel are strengthened during the
aging process, which causes the precipita-
tion of fine alloy carbides. There is however
apotential problem created by the so-called

hybrid approach that combines two diffe-
rent, but complementary hardening mecha-
nisms — secondary hardening and interme-
tallic precipitation hardening.

The development process involved the
evaluation of segregation in 20 different test
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FIGURE 3 Segregation is a risk for highly alloyed secondary hardening steels, such as AISI M50 (© Ovako)

melts. Analysis by a Scanning Electron
Microscope (SEM) was then carried out to
measure the variations in chemical compo-
sition that are markers for segregation.

For minimized segregation of a secon-
dary hardening steel, the test results showed
that it was vital to limit the levels of carbon,
molybdenum and vanadium. Conse-
quently, secondary hardening did not pro-
vide the required strength if the alloying
content was limited by the maximum segre-
gation criteria. The aim was to achieve a
Rockwell hardness of 55 HRC after aging at
550 °C, however the actual value was 42 to
43 HRC. Success was achieved by introdu-
cing nickel and aluminum into the new
steel to boost its strength — as shown in
Figure 4.

The test program resulted in the crea-
tion of the new hybrid steel. It contains
carefully controlled alloying elements such
as chromium, molybdenum, vanadium,
nickel and aluminum while being low in
carbon, Table 1.

A combination of carbon in solution
together with secondary carbides and nickel-
aluminum (NiAl) precipitates result in
the hybrid steel reaching its full properties

after tempering at a temperature between
500 to 600 °C, Figure 5.

Atom probe tomography carried out by
the Chalmers University of Technology
showed that the average size of the NiAl par-
ticles was 5 nm. Therefore just 1 mm? of hyb-
rid steel contains around 500,000 of these
particles. The hybrid steel program was suc-
cessful in achieving its two key objectives:
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» Production is made possible by a normal
high-volume steel production route with
alow segregation of elements.

» The steel exhibits an enhanced strength
at elevated temperatures that is compa-
rable to secondary hardening tool steels.

Nitriding Capability

In addition to its material properties, hyb-
rid steel is particularly suitable for nitri-
ding, which can be carried out at the same
temperature as aging. This process creates
a thin nitrided surface layer with the
strong, hard-wearing properties required
by critical components, while maintaining
ahigh core hardness. This maintained core
hardness in hybrid steel is important, as a
nitriding process performed on conventio-
nal steels at elevated temperatures often
reduces the underlying strength of the
steel. That is why nitriding is not currently
applied in a number of load bearing appli-
cations where it could potentially be of
great benefit.

Hybrid steel enables nitriding for use
across many applications by achieving a
high surface hardness together with an
attractive level of residual compressive
stress. Figure 6 shows the result of plasma
nitriding hybrid steel 55 at 520 °C for 20 h.
A high surface hardness of 1200 HV1
(Vickers) is achieved while the core remains
at 600 HV1.
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FIGURE 4 The strength of hybrid steel is boosted by the addition of nickel and aluminum (© Ovako)
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TABLE 1 Alloying elements used in the formulation of hybrid steel (© Ovako)

Chemical composition [%]

- - C Si Mn Cr Ni Mo \ Al
Hybrid steel 55 Engineering steel 0.18

0.1 0.3 5 6 0.7 0.5 2
Hybrid steel 65 Bearing steel 0.28

Stainless Steel-like

Corrosion Performance

The presence of chromium and aluminum,
along with the other alloying elements, pro-
vides an added advantage for hybrid steel
in terms of its enhanced corrosion resistance.
The preliminary corrosion testing, as shown
in Figure 7, indicates that hybrid steel can

which should in theory enable many new
weight-saving applications across a larger
range of applications.

Advantages for
Component Manufacturing
Hybrid steel was introduced in September

Hybrid steel yields a high surface
hardness together with an attractive
level of residual compressive stress.

perform ataround the same level as high car-
bon martensitic stainless steels.

It should be noted however, that the
chromium content of hybrid steel could
also be increased to achieve even higher
levels of “stainless performance.” This
remains to be explored, but would enable
welded stainless ultra-high strength steels,
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2017. However, its potential applications
had already been under discussion with
component manufacturers for some time
before then. These preliminary discus-
sions have indicated that hybrid steel might
be applied across a wide variety of poten-
tial highly stressed applications such as
engine components, bearings, gears, fuel
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injection components, mining tools and
machine tools.

Diesel Injectors

Hybrid steel looks set to help the automo-
tive industry meet its ambition to further
improve diesel combustion. This requires a
steel that can withstand even higher pressu-
res at more elevated temperatures. Compa-
red to conventional steels, hybrid steel
demonstrates more than twice the strength
at high temperatures. The steel is currently
being tested against such requirements.

Lighter Engines

Hybrid steel could enable the development of
lighter engines with lower material usage due
to more compact designs and smaller pis-
tons. This approach will enable both lower
emissions and lower total costs. It is made
possible by hybrid steel’'s high strength at ele-
vated temperatures and high corrosion resis-
tance. Tests are currently ongoing to evalu-
ate how hybrid steel can improve engine
performance.

FIGURE 5 Hybrid steel increases in strength
during tempering (© Ovako)
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FIGURE 6 Plasma nitriding of hybrid steel shows that it maintains its core hardness (© Ovako)

V'S
Y 900
c
.3 _ 800 @
i E 700
5§18
§ 2 500
‘é 8 400
< | § 300 >
e| % [
s|a 200 =
S 100 i
£
0
[ ]
-100
Bearing steel Tool steel 1C-13Cr Hybrid Stainless steel
AISI 52100 (AISIH13) AISI 440C steel 55 AISI 316L

FIGURE 7 150 15158 corrosion of metals and alloys at 10 mV/min and 0.01 NaCl: Hybrid steel can
approach lower end stainless steels for corrosion resistance (© Ovako)

Cost-effective

Engine Pistons

The production advantages of hybrid
steel are shown clearly in the manufacture
of steel engine pistons, with the aim
of achieving increased strength at high
temperatures to meet the performance
goals of modern engines. A traditional
production route in five steps can look
like this:

1. Forging

2. Softannealing

3. Rough machining

4. Quenching and tempering

5. Hard machining,

Using hybrid steel offers the potential for a
three-step route:

1. Forging

2. Hard (45 HRC) machining

3. Aging.

Thisapproach will reduce manufacturing cost
and complexity as well as producing a compo-
nent with superior performance. In addition,

Why Has Hybrid Steel
Only Been Developed
Now?

The individual hardening mechanisms
that have come together in hybrid steel
have been well understood for many
years. The question arose why this type
of steel has not been introduced before.
The reason is that the successful execu-
tion of hybrid steel requires a high level
of expertise in steel metallurgy. Ovako
has a particular advantage in this area
with a business focused on volume
manufacturing of steel to very closely
controlled production parameters,
such as bearing quality steels. In fact, in
addition to its special hardening pro-
perties, hybrid steel is one of the clea-
nest steels ever produced by Ovako
with a combined level of oxygen,
sulphur and nitrogen of less than
20 parts per million (ppm).

Summary

Adopting hybrid steel can enable designers
of critical components to achieve enhanced
performance in terms of mechanical and
fatigue strength, especially at elevated tem-
peratures. This translates directly to a new
capability to downsize components to
reduce their weight, which could offer sig-
nificant possibilities in terms of improved
energy efficiency for vehicles. Furthermore,
hybrid steel can also enable manufacturing
processes to be optimized with a reduced
number of processing stages.

Hybrid steel is not just one steel grade.
Rather, itisa family of steels from which new
grades will emerge over time to suit specific
customer applications. The introduction
of hybrid steel promises to drive the

The steel is suitable, for example,

for engine components or transmissions.

the hybrid steel can be welded to create a final
product that maintains its full strength.

development of lightweight steel compo-
nents for years to come. <
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