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Abstract. The paper presents the mechanical properties of newly developed forged steel. Considered the effect
of alloying elements on the properties of steels, the results of experimental work to determine the hardness of the
steel as a function of tempering temperature and the heating temperature and the toughness of the steels at fluidity
range of 100 kg/mm?’,

Along with the change wrought crystals at high temperatures, grain growing, as the conditions for the merger of
small grains in the large. The phenomenon of grain growth, i.e. association of small grains in the large, is called
recrystallization. Grain grow greater, the higher the temperature of forging.

Introduction. Influenced by forging the metal structure varies in two opposite directions. Forging
ingot structure takes fibrous (banded) structure. The formation of the fibrous structure is characterized in
that forging the ingot liquation zone, gas bubbles, and slag inclusions etc., and at a low temperature and
grain steel (dendrites) extend in the direction of metal flow. Coarse-grained structure of the ingot is
converted into a fine-grained due to fragmentation of the crystals under the blows of the hammer or
pressure press.

Forging metal rolled structural changes occur other metal. Grain varies less as they are partially
destroyed in the process of rolling. Unlike forging rolling gives a tangled metal fibers. Therefore, usually,
the mechanical properties of the forged metal better mechanical properties than rolled metal.

Along with the change wrought crystals at high temperatures, grain growing, as the conditions for the
merger of small grains in the large. The phenomenon of grain growth, i.e. association of small grains in
the large, is called recrystallization. Grain grow greater, the higher the temperature of forging.

Lowers recrystallization resistance to deformation of the metal. Therefore, it is necessary to forge the
metal at a temperature which promotes grain growth (recrystallization), and should finish forging at a
temperature at which no recrystallization occurs metal. This will ensure that the forging consisting of fine
grains with improved mechanical properties.

From the above it can be concluded that the structure of the metal, and with it the mechanical
properties of the forging depend on grain refinement due to their deformation and recrystallization.

Metal structure also depends on the extent of reduction of (while drawing). Is the ratio of reduction of
the cross-sectional billet cross-sectional area of the forging. The more of reduction of (i.e., the value of the
hood), the finer grain and more pronounced banded structure of forgings.

Of reduction of the ingot take more than of reduction of the rolled workpiece. The magnitude of
reduction of the minimum for carbon steels on the smooth part 3.0; on the flanges and ledges 1.75; for
alloyed steels on the smooth part 2.0; on the flanges and ledges 1.5. Forging forged ingot of reduction of
the smooth portion is taken 3-4, and in the flange and lip 1.5-1.75.

When forging large ingot broken crystals compacted metal recovery by voids existing in the ingot,
and the infusion of bubbles, while the crystalline structure of the rolled profiled metal workpiece has been
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broken during rolling. The higher the temperature of heating before forging of the metal, the greater must
be of reduction.

In excess of reduction of normal occurs improved mechanical properties along their deterioration
hoods in the transverse direction. On the mechanical properties of forgings also influenced by processes
for their manufacture. One and the same item can be made in different ways and thus obtain forgings
having different mechanical properties. Should strive to produce the forging so as not to cut the metal
fiber.

Experimental work

One of the goals of this work is to develop new forged metal materials based on steel. In this regard,
by adding alloying elements (to 3.48% Cr ) as the chemical compound was developed the forged steel.

The chemical compound of steels as follows: St.1 C — 0.43%; Cr — 3.40%; Si — 0.22%; the rest - Fe.
St.2 — C - 0.42 %; Cr — 3.48%; W — 0.61%; Si — 0.24%); the rest - Fe. St.3 — C — 0.42 %, Cr — 3.46%;
Mo — 1.4%; Si — 0.25%; the rest - Fe. St.4 — C — 0.43 %, Cr — 3.4%; W — 0.8%; Mo — 1.37; V — 0.18;
Si—1.07%; the rest - Fe.

Test steels was melted in an induction furnace open and poured into 11 kg ingots. Steel ingots were
forged. Forging ingots were performed in the temperature range: 1150-1100 °C (beginning of forging) and
950-900 °C (end forging). Heating for forging ingots were carried out in gas furnaces. Forging made on
the hammer with a weight of 350 kg falling parts. After forging, the bars were annealed at loading mode
into the furnace at a temperature of 400 °C, heating to 850 °C, holding for 2 hours and further cooled
in air.

Silicium doping increases the quenching temperature 60-75 °C. In this case, the doping is not
absolutely change the hardness after tempering steels from said temperature which is determined by the
carbon content.

Molybdenum prevents grain growth and improves the ability to calcination. Eliminates the fragility of
the hardening process. Upon slow cooling after tempering temperature manifests in some alloys the
carbides precipitate at grain boundaries, and this in turn is the cause of embrittlement. Molybdenum
eliminates these negative effects. Furthermore, molybdenum increases the creep strength and corrosion
resistance of the steel.

Vanadium reduction due to the effect of grains greatly improves fluidity and ultimate tensile strength.
Furthermore, increases the potential for quenching, annealing, and has a positive effect on the secondary
calcining. These elements are composed of one, two and three-element composition forms carbonitride
precipitate in the microstructure and, along with decreasing grain size steel precipitate due to the
mechanism of solidification, hardness of the steel increases.

Percussion toughness of the steel St.1 at a hardness of 48 HRC is at KCU=2.10 J/m’. A heating
temperature and viscosity of the investigated steel at yield of 100 kg/mm* when heated 490 °C has
toughness 4.4 J/m’.

Results of experimental work

As a result of the experimental data revealed that the hardness of steel depends on the tempering
temperature.

In the figure 1 shows the effect of tempering temperature on the hardness of the steels St. 1, St. 2.
Here shows that the tempering temperature greatly affects the hardness of steel. At a tempering
temperature of 500 °C hardness of steel St.1 of 30 HRC, and St.2 of the steel hardness 41 HRC. At a
tempering temperature of 600 "C hardness of steel St.1 - 22 HRC, and St.2 - 30 HRC.

The lowest level of hardness is observed at a temperature of 650 C: St.1 — 20 HRC, St.2 — 28 HRC.
The maximum level of 48-50 HRC hardness is observed at a temperature of 250 °C.

Figure 2 shows the effect of tempering temperature on the hardness of the steels St.3, St.4.

The maximum level of hardness is observed at temperatures of 250 to 300 °C, of steel St. 3 - 49 HRC,
50 HRC, in steel St.4 - 52 HRC, 48 HRC. At temperatures 300-450 OC hardness of steel St.3 has the same
value of 49 HRC.

Significant differences were observed at 550 °C in steel St.3 - 47 HRC, have become St. 4 - 42 HRC,
and at a temperature of 600 % C in steel St.3 - 45 HRC, have become St. 4 - 31 HRC.

— 34 ——
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The hardness of the steel as a function of the ternpering temperature

Hardness, HRC
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Figure 1 — The hardness of steel St. 1, St. 2 depending on the tempering temperature

The hardness of the steel as a function of the tempering temperature
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Figure 2 — The hardness of steel St. 3, St. 4 depending on the tempering temperature

Figure 3 shows the comparative characteristics of the hardness of all new forged alloys depending on
the tempering temperature.
The minimum level of hardness was observed at a temperature 650°C of steel St.1 - 20 HRC, have
become St. 4 - 25 HRC. And at temperatures 300-500°C steel hardness is observed within 38-49 HRC.
According to the results of experimental studies have determined that the tempering temperature
greatly affects the hardness of steels but also it depends on the chemical compound of the alloy.
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The hardness of the steel as a function of the tempering temperature
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Figure 3 — Results of comparative hardness of all developed steels depending to tempering temperature

Table 1 — Effect of alloying elements on steel toughness (hardness 45 HRC)

Steel Percussion toughness KCU, J/m’
St.1 2.7
St.2 3.8
St.3 3.8
St.4 4.5
Compasition characteristics of heating temperature and viscosity of new steels at fluidity range 100 kg/mm2
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Figure 4 — Results of comparative of heating temperature and toughness of new steels at fluidity range 100kg/mm®
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Thus, getting a higher toughness at rationally alloy steels with more than 3% of chromium due to the
fact that the said toughness and the hardness achieved after tempering at temperatures (460-630 ° C) lying
above the interval of the first kind of embrittlement.

Decrease in strength properties when heated at most significantly become more 3.42 Cr, including
further doped only with tungsten or vanadium. These steels retain high tensile strength (100 kg/mm?) upon
heating to 480-530 °C, while the more alloyed steel (St. 4) remains the same fluidity range up to tempe-
ratures of 550-590 ° C (Table).

Conclusion. Alloying steels with 3.22% chromium over molybdenum as a 1.5% increase in tough-
ness and fluidity range. The introduction of silicon in a complex alloy steel has a beneficial effect on the
heat resistance, toughness and fluidity range. Molybdenum has a beneficial effect on the properties of
steels than tungsten and vanadium.
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