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Abstract. Steels with regulated austenitic transformation during exploitation (RATE) are a new class of ferritic-based tungsten-free tool steels for hot
forming. The study obtained quantitative data on the high-temperature strength of RATE steel of new composition after quenching and tempering.
The stress-strain curves are plotted and the tendency of steel to strain hardening at temperatures of 450 and 750 °C is estimated. It was established that
at a temperature of 750 °C, corresponding to the operating temperature, RATE steel has a stronger tendency to work hardening than at a temperature
of 450 °C.
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AHHomayus. Cranu ¢ perymupyeMbIM ayCTCHUTHBIM MTpeBpatieHrem npu sxcruryarannu (PATTD) — HOBBIN Kiaacc 6€3BOIBPPaAMOBBIX HHCTPYMEHTAITb-
HBIX cTaseil Ha (eppUTHOI OCHOBE JUIs ropsadeit 00paboTKH aBieHHeM. B paboTe noyueHbl KOJIMYECTBEHHbIE JAHHBIE 110 BLICOKOTEMIIEPATypHOM
npouroctu cranu ¢ PAIID HOBOro cocrasa mocie 3akaiku U OTycka. [locTpoeHsl kpuBbie AedopMaliin 1 MPOBEICHA OIEHKA CKIOHHOCTH
cTanu K AeopMalMOHHOMY yHpouHeHHIo npu Temmneparypax 450 u 750 °C. Ycranosneno, uto npu temmeparype 750 °C, cooTBeTCTBYIOIIEH
IKCIUTyaTalnoHHOH, cTajib ¢ PATID obnamaer 6ojee CUITbHON CKIOHHOCTBIO K 1e(OpPMAIIMOHHOMY YIIPOUHECHHUIO, YeM mpu Temmeparype 450 °C.

Kntouesule cno6a: crans ¢ PAILD, 3akanka, OTIyCK, ropsdas e(opMans

Jaa yumuposanus: Kpyrisikos A.A., Poraues C.O., MonsipoB A.B. BeicokoTemneparypHast IpOYHOCTb IITAMIIOBOM CTalll C PEryIUPYEMBIM ayCTe-
HUTHBIM MIPEBPALICHUEM TIPH KCIUTyaTallUK MOCIIEe 3aKaIKH U OTIycKa. M36ecmus 6y306. Yepnas memannypeusi. 2023;66(4):442—-444.

https://doi.org/10.17073/0368-0797-2023-4-442-444

442 © A. A. Kruglyakov, S. 0. Rogachev, A. V. Molyarov, 2023


https://doi.org/10.17073/0368-0797-2023-4-442-444
mailto:csaap%40mail.ru?subject=
https://fermet.misis.ru/index.php/jour/search/?subject=сталь с РАПЭ
https://fermet.misis.ru/index.php/jour/search/?subject=закалка
https://fermet.misis.ru/index.php/jour/search/?subject=отпуск
https://fermet.misis.ru/index.php/jour/search/?subject=горячая деформация
https://doi.org/10.17073/0368-0797-2023-4-442-444
mailto:csaap%40mail.ru?subject=
https://fermet.misis.ru/index.php/jour/search/?subject=RATE steels
https://fermet.misis.ru/index.php/jour/search/?subject=quenching
https://fermet.misis.ru/index.php/jour/search/?subject=tempering
https://fermet.misis.ru/index.php/jour/search/?subject=hot deformation
https://doi.org/10.17073/0368-0797-2023-4-442-444
mailto:csaap%40mail.ru?subject=
mailto:csaap%40mail.ru?subject=

I1ZVESTIYA. FERROUS METALLURGY. 2023;66(4):442-444.
Kruglyakov A.A., Rogachev S.0., Molyarov A.V. High-temperature strength of die steel with regulated austenitic transformation ...

Steels with regulated austenite transformation during
exploitation (RATE) represent a novel category of tung-
sten-free ferritic steels designed for hot forming [1; 2].
These steels fall into either single-phase (y) or two-phase
(y + a) region and demonstrate a propensity to main-
tain high-temperature hardening [3]. This effect enables
the hot pre-hardening of the steel. Before being put into
operation, the steel undergoes austenitization at 1150 °C,
followed by a cooling process down to 450 °C. The steel
retains its austenitic structure because the supercooled
austenite is exceptionally stable. Subsequently, the steel
becomes ready for shaping, resulting in sufficient
hardness maintenance within the temperature range
of 750 — 800 °C [4].

It is worth noting that RATE steels can operate at high
temperatures even without pre-hardening, relying solely
on quenching and tempering [5]. However, the newer,
advanced RATE steel grades have not been extensively
investigated in this context. Therefore, the objective
of this study is to assess the high-temperature strength
of the new RATE die steel after quenching and tempering.

We subjected the SKh2G4N3M2FSTB steel to guen-
ching (1100 °C for 20 min in oil) and double temper-
ing (590 °C for 2 h+ 560 °C for 2 h in air) to achieve
a hardness of 55 HRC [6]. The image depicts the Zwick
machine employed for testing threaded cylindrical sam-
ples measuring 20 mm in length and 4 mm in diameter:

— the samples were heated to 450 °C, held for 15 min,
and subsequently elongated until failure;

— the samples were heated to 450 °C, held for 15 min,
and then elongated to 5 %,

— the samples were heated to 750 °C, held for 15 min,
and then elongated to 5 %.

The strain hardening factor (n) was calculated as out-
lined in [3].

At 450 °C, the steel displayed a yield offset and
ultimate strength of 1277 and 1379 MPa, respec-
tively. The relative elongation reached 9% (as shown
in the figure). This suggests that plastic deformation at
450 °C leads to strain hardening of the steel (n = 0.03).
Under the maximum load, deformation is concentrated
ultimately leading to sample failure. When the sample is
deformed at 450 °C to a 5 % relative elongation, the steel
hardens to 1335 MPa. Subsequent heating to 750 °C
results in a significant reduction in strength, with the off-
set yield strength during deformation measuring 311 MPa
(a quarter of that at 750 °C). However, further defor-
mation at 750 °C enhances the steel’s susceptibility to
strain hardening (n = 0.06). The steel’s strength reaches
356 MPa at approximately 2 % relative elongation, attri-
buted to the steel’s austenitization as a result of the o — y
transformation. The achieved hardening is maintained
throughout further deformation, up to approximately 5 %
relative elongation.
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- CONCLUSION

This study reveals that RATE steels experience strain
hardening within the 450 — 750 °C operating temperature
range, with higher strain hardening observed at 750 °C.
The hot strength at 750 °C, with approximately 5 % rela-
tive elongation, reaches ~360 MPa. These results suggest
that die tooling constructed from RATE steel can consis-
tently operate at temperatures up to 750 °C.
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