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Abstract. The article analyzes how the temperature of the quenching medium during heat 
treatment influences the mechanical properties of spring steel grade 60Si2CrV. It presents the 
correlations between the quenching medium temperature and such parameters as hardness, tensile 
strength, and elongation. The study identifies the optimal cooling medium temperature range to 
be 20-30 °C, which ensures enhanced mechanical performance of the steel. The findings can be 
applied to improve the heat treatment processes of cylindrical springs used in freight wagons, 
thereby increasing their service life and operational reliability 
Keywords: temperature, spring steel, steel grade 60Si2CrV, hardness, tensile strength, 
elongation, heat treatment. 

1. Introduction 

Most spring alloys are steels hardened by martensitic transformation, which provides high 
values of hardness and strength. These steels are used in various fields of mechanical engineering 
for the manufacture of highly critical elastic elements [1]. 

The hardening heat treatment of spring steels consists in quenching in oil followed by 
tempering. It has been found that the hardness of the springs obtained after such treatment 
increases dramatically. High hardness contributes to an increase in the elastic properties and 
tensile strength of spring steels, as a result of which residual deformations are sharply reduced, 
and due to this the springs work for a longer time without unacceptable losses of geometric and 
force parameters [2]. 

Cooling during quenching from the austenitic region should ensure the production of a 
martensitic structure. Cooling must be carried out at a rate higher than the critical quenching rate 
[3]. The high cooling rate should be in the temperature range of the minimum stability of austenite, 
and in the martensitic range it is desirable to reduce it in order to reduce the emerging internal 
stresses [4]. Mineral oils correspond to such cooling conditions. 

Oil as a quenching medium has the following advantages: a low cooling rate in the martensitic 
temperature range, which reduces the occurrence of quenching defects, and a constant quenching 
ability in a wide range of medium temperatures. The disadvantages include increased 
flammability, insufficient stability and low cooling capacity in the range of pearlite transformation 
temperatures, as well as increased cost [5]. Mixing the oil effectively increases the speed and 
uniformity of cooling; during operation, the oil is oxidized, thickens and its cooling capacity 
decreases, which leads to frequent replacement of used oil with a new one [6]. 

The temperature of the quenching medium affects the critical quenching rate. The lower the 
oil temperature, the higher the cooling rate and vice versa [7]. The existing literature [8-11] 
recommends an oil temperature range from 40 to 80 °C for general purpose steels, but there are 
no lower and upper temperature limits for spring steels. Even with the presence of circulating 
equipment, the oil temperature in the quenching tank increases significantly at the time of lowering 
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the batch of heated parts, which further reduces the cooling capacity. In addition, there are no 
systematic and literary data on the influence of the temperature of the cooling medium on the 
mechanical properties of steels, and therefore the purpose of this article was to establish the 
dependence of the temperature of the quenching medium on the mechanical properties of spring-
spring steel 60Si2CrV, used for the manufacture of cylindrical springs of freight wagons of 
railway transport.  

2. Materials and methods  

The object of the study was galtels in the amount of 14 pieces (Fig. 1), made according to 
GOST 1497-84 [12] from 60Si2CrV rods. The chemical composition of which is shown in 
Table 1. 

Table 1. Chemical composition of steel 60Si2CrV, (% by weight) 
С Si Mn Cr V Ni S P Cu 

0,56-0,64 1,40-1,80 0,40-0,70 0,90-1,20 0,10-0,20 ≤ 0,30 ≤ 0,025 ≤ 0,025 ≤ 0,20 
 

 
а) 

 
b) 

 
c) 

Fig. 1. Samples made of 60Si2CrV steel: a) product drawing, b) 3D model of the sample;  
c) prepared galtels in the amount of 14 pieces 

The heat treatment (Fig. 2) was carried out in an electric chamber furnace of periodic action 
in an oxidizing (air) atmosphere, the dimensions of the working space of which are 
1200×1500×1000 mm. The test samples were heated for quenching together with springs to 
880 °C, exposure time of 10 minutes at this temperature (from the schedule of hardenability of 
steel 60Si2CrV per 1 mm of the hardened zone, 1 min is required). Cooling was carried out in oil, 
the temperature of which varied from 5±2.5 to 40 ±2.5 °C. Such a significant tolerance of ±2.5 °C 
is due to the difficulty of maintaining the oil temperature constant during quenching. Next, the 
samples were tempered in the same way as in the quenching process, together with springs at a 
temperature of 510 °C. The duration of the vacation was 1 hour. The cooling was carried out in 
calm air. The temperatures of the critical points (𝐴ଵ and 𝐴ଷ) for the steel grade under study are 
760 and 820 °C, respectively [13]. 

Before measuring the hardness of the samples, the ends of the galtels were ground on a Buehler 
MetaservTM Vector LC 250 grinding and polishing machine (Fig. 3). Hardness was measured 
using a portable combined MET-UDA hardness tester (Fig. 4) on the “C” Rockwell scale 
according to the rebound principle. The measurement range is from 20 to 70 HRC, the margin of 
error is ± 2 HRC. 
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The rupture tests of the samples were carried out on a universal testing machine of the HMS-50 
type No. 134 (Fig. 5). The HMS-50 machine is a stationary universal hydraulic testing unit with 
vertical load application to the test sample Measuring range is from 2000 to 50,000 kg. The error 
of the readings on the load scale is not more than ±1 % of the measured load. 

 
Fig. 2. The mode of heat treatment of steel 60Si2CrV 

 
Fig. 3. Buehler MetaservTM Vector LC 250  

grinding and polishing machine 

 
Fig. 4. Portable combined MET-UDA 

hardness tester 

 
Fig. 5. Universal testing machine of the HMS-50 

3. Results and discussions  

According to the results of the rupture test, macroscopic views of the fracture surfaces of the 
samples were obtained (Fig. 6), on which three zones are visible: 1 – fibrous zone, 2 – radial zone, 
3 – cut zone. 

The fibrous zone corresponds to the area of slow crack growth. It is located in the center of the 
fracture and surrounds the fracture site, which is located on the axis of tension. The fibrous zone 
consists of a region of randomly arranged thin circular furrows. The furrows are located 
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perpendicular to the direction of crack propagation – from the focus to the periphery of the sample. 
Such features are inherent in stable subcritical cracks, the propagation of which requires relatively 
high energy costs. 

The point at which the radial scars converge is the fracture site. The scars are quite thin, which 
is true for high-strength steels [13]. Thin radial scars indicate mainly the presence of a quasi-disc 
or intergranular fracture. The cut zone consists of a smooth ring-shaped area adjacent to the free 
surface of the sample. The surface of this zone is at an angle of ~45° to the axis of tension. 

 
Fig. 6. Fracture surfaces of samples after heat treatment 

The dependence of the hardness of the studied samples on the temperature of the quenching 
medium is obtained (Fig. 7). The upper and lower limits of the oil temperature are shown. 
According to accepted standards, the spring hardness value should be in the range from 40.5 to 
46.5 HRC. According to the data obtained, the lower oil temperature corresponds to 20 °C, and 
the upper ~ 35 °C. The green area shows the recommended temperature range, i.e. from 20 to 
30 °C. This conclusion follows from the phenomenon of sagging springs, since when drilling, 
there is a decrease in the height of the spring more than the permissible one. The obtained 
dependence of hardness on oil temperature is linear with a coefficient of determination  𝑅ଶ ൌ 0.9801. Thus, with an increase in the temperature of the quenching medium, the hardness of 
the finished product decreases. 

 
Fig. 7. The dependence of the hardness of steel 60Si2CrV on the oil temperature 

The dependence of the tensile strength and elongation is also linear with a correlation 
coefficient 𝑅ଶ ൌ 0.9763 and 𝑅ଶ ൌ 0.9767, respectively. (Fig. 8). According to GOST 
14959-2016, the strength limit value for the brand under study should be at least 1670 MPa, and 
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the elongation value should be at least 6 % [14]. In the interval above (see Fig. 7) the recommended 
oil temperature (20...30 °C) the value of the tensile strength lies in the range of ~1740... 1880 MPa, 
and the value of the elongation is 6 ... 9 %. Thus, the resulting dependencies (Fig. 8) do not 
contradict the requirements specified in the guest. 

 
a) 

 
b) 

Fig. 8. Dependence of mechanical properties: a) tensile strength, b) elongation, 
60Si2CrV on oil temperature 

4. Conclusions 

1) The temperature of the quenching medium has a significant effect on the mechanical 
properties of 60Si2CrV steel. As the oil temperature increases, hardness and tensile strength 
decrease, and elongation increases. 

2) The optimal temperature range of the quenching medium to ensure high mechanical 
properties is 20-30 °C. In this range, hardness values of 40.5-46.5 HRC, tensile strength of 
1740-1880 MPa and elongation of 6-9 % are achieved. 

3) The obtained linear dependence of mechanical properties on oil temperature makes it 
possible to predict the characteristics of steel when cooling conditions change, which can be used 
to optimize heat treatment processes. 

4) The use of a cooling medium with the recommended temperature allows minimizing 
residual deformations of the springs and extending their service life without significant losses of 
geometric and power parameters. 
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