
Increasing the cutting machinability of 18ChGT steel due to increased sulfide content 
 

Tetiana Makrukha1, Victor Medyanyk1,  Olha Syzonenko2 , Andii Torpakov2 

Robert Elvorti Economics and Technological Institute, 3, Yevhena Chykalenka St., 25006, Kropyvnytskyi, Ukraine1 

Institute of Pulse Processes and Technologies of NAS of Ukraine, 43-A, Bohoyavlenskyi ave., 54018, Mykolaiv, Ukraine 2 

tmakruha@gmail.com 

 

Abstract: When machining steel gear blanks for a long time, problems are observed during their turning and machining. Attempts to improve 

machinability using various heat treatment methods have not been successful. In this regard, the possibility of the influence of changes in the 

chemical composition of steel on its machinability was analyzed. The goal was set for the machinability of serial steel 18ChGT to be similar 

to the machinability of automatic steel, without reducing its mechanical properties. The improvement in machinability by cutting automatic 

steels is due to the presence of inclusions in its structure, which increase the fragility of the chips. These can be chemical compounds of 

metals (sulfides, phosphides, selenides, etc.), or inclusions of low-strength metals, for example, lead. The analysis of metallurgical processes 

for steel production led to the conclusion that the use of sulfides is economically feasible. When processing gears made of steel with a high 

sulfide content, the average resistance of the WNMG080408 pass plate was 214 pieces on the edge, and when processed from serial steel 

18ChGT, the average resistance is 180 pcs on the edge, no changes were recorded for the rest of the properties. Also, when processing 

18KChGT steel with a high sulfur content, chip formation was improved, and a reduction in lost working time was observed due to a fourfold 

reduction in the need to replace reusable containers for chips. 
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1. Introduction 

Gears have become widely used in mechanical engineering due 

to their versatility, high efficiency, the possibility of application in a 

wide range of speeds and capacities, compactness and reliability. 

However, their processing requires high qualification and special 

training of all employees. 

When developing gear manufacturing technology, the choice of 

optimal processing methods that ensure an increase in the quality, 

productivity and stability of the process; reduction of cost and 

processing time is an important task of mechanical engineering, in 

particular materials science. 

In work [1], the author showed that thermomechanical treatment 

(volumetric hot plastic deformation) of 18ChGT structural steel can 

significantly accelerate nitriding processes, and also has a 

noticeable effect on growth kinetics, phase and chemical 

composition, structure and properties of surface diffusion layers. As 

a result, there is an increase in the depth of the diffusion layer by 

1.5 times and an increase in its microhardness by 10...20%, which 

makes it possible to increase the indicators of wear resistance by 

2.0...2.5 times. 

The authors of the paper [2] suggest using ion-plasma treatment 

(ion bombardment and applying a coating with a thickness of 5 

μm), which increases the temporary resistance of products made of 

18ChGT steel by 24%, and the yield strength by 41% without 

reducing plasticity. It also allows reducing the surface roughness 

from Ra = 0.49 μm to Ra = 0.12 μm (transition from grinding to 

polishing) causes an increase in strength indicators: σ by 9% and σm 

by 22%.  

In the work [3], the authors use the method of ion-plasma 

nitriding of 18ChGT steel to increase its hardness. The coatings 

were applied in a working gas environment (nitrogen, argon, 

hydrogen), the flow rate of which was 12.1 l/hour, 15.0 l/hour and 

3.5 l/hour for each gas, respectively. The working gas pressure in 

the vacuum chamber was 5...200 Pa at a temperature of 500...550 

°C. The resulting glow discharge between the chamber walls and 

the surface of the part ensures the formation of a nitrided layer with 

improved surface characteristics on the surface of the product, the 

hardness of which increases by 1.8 times compared to the initial 

state. 

In the study [4], the authors developed a technological process 

of vacuum thermocyclic plasma nitriding of 18ChGT steel, which 

improves the rate of diffusion saturation and reduces energy costs. 

Nitriding was carried out in a mixture of argon and nitrogen in the 

temperature range of 450...550 °C. The pressure was 50...100 Pa. 

As a result of this steel treatment, the microhardness increases from  

670 to 1100 kg/mm2. 

In work [5], the temperature increase in the cooling process and 

the cooling method on mechanical displays of 18ChGT steel were 

observed. The authors found that the heating temperature during 

hardening in the range of 900…1000 °C makes it possible to 

improve almost all mechanical characteristics (σ and σm by 20%, SK 

by 60%, ψ by 150%, and hardness from 44 to 46 HRC). 

Looking at the literature, we can say that the advancement of 

physical and mechanical indicators for products made from steel 

18ChGT, namely gear wheels, is no longer relevant today. 

In the city of Kropyvnytskyi (Ukraine), JSC “Hydrosila” 

produces gear pumps of the НШ32С-3-00-02; НШ32С-3-00-03; 

НШ50У-3-00-03Б; НШ50У-3-00-04Б [6], which are suitable for 

operation in hydraulic systems of tractors, cars, agricultural 

equipment and road construction equipment. 

When machining blanks of pumps gear made of 18ChGT steel, 

problems are observed during their turning and machining. In this 

regard, the possibility of the influence of changes in the chemical 

composition of steel on its machinability was analyzed. The goal 

was to increase the machinability of serial 18ChGT steel to the 

machinability of free-cutting steel, without reducing its mechanical 

properties. Improvement of machinability of free-cutting steels by 

cutting is due to the presence of inclusions in its structure that 

increase the brittleness of chips. These can be chemical compounds 

of metals (sulfides, phosphides, selenides, etc.), or inclusions of 

low-strength metals, such as lead.  

The conducted analysis of metallurgical processes for obtaining 

steel allowed us to conclude that it is advisable to use sulfides. 

However, to achieve the desired effect on "chip breaking", the 

sulfide should be located around the grains in the form of an 

inclusion. It has been established that the form of the inclusion 

depends to a large extent on how easily the compound melts, i.e. 

whether it hardens before the metal or after the metal has hardened. 

If the compound is refractory, it can form in the form of grains in 

liquid steel and will not form continuous shells around the grains of 

the solid metal, and can also be located inside the grains (as a 

crystallization center). If the compound itself is easily fusible or 

forms an even more easily fusible eutectic, it will be located in the 

form of shells around the hardened grains of the metal. For 

example, sulfur forms iron sulfide (FeS) or manganese sulfide 

(MnS) in steel.  

The first is relatively low-melting (freezing point 1193 °C); and 

also forms an even lower-melting eutectic with iron. Therefore, FeS 

is very easily located in the form of shells around grains. 

Manganese sulfide, on the contrary, is refractory (freezing 

temperature 1620 °C) and usually occurs in the form of isolated 

inclusions. Iron sulfide is formed when there is a lot of sulfur in the 

metal, but not enough manganese. It is known that MnS is much 

less harmful than FeS, and in practice they strive to have a 

sufficient amount of Mn in steel to bind all the sulfur with it and not 

allow the formation of FeS. Mn has a greater affinity for sulfur than 

iron, and in the presence of a sufficient amount of Mn, the 

formation of MnS instead of FeS occurs spontaneously. In addition 

to the effect of increasing "chip breaking", manganese sulfides form 
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a lubricating layer between the chip and the tool, since by their 

properties they are a solid lubricant. 

Therefore, the purpose of the work is to increase the 

machinability of 18ChGT steel by increasing the amount of sulfur 

and manganese in the chemical composition. 

2. Materials and Methodology 

18ChGT steel (Ukraine state standard SSTU (ДСТУ) 

7806:2015) was chosen for experimental research, its chemical 

composition is shown in Table 1. 

 
Table 1: Chemical composition of 18ChGT steel (SSTU (ДСТУ) 7806:2015) 
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Rockwell hardness of steel specimens was determined 

according to ISO 6507-4:2008 on the TK-2 device, which measures 

the difference between the depth of imprints obtained from the 

indentation of the tip under the action of the main and preliminary 

loads. When indenting with a diamond cone (HRC) with an angle at 

the top of 120°, the total load on the indenter was 150 kgf. The 

Rockwell hardness value was determined in accordance with 

ISO 6508-86 on the C scale, for this a diamond conical indenter was 

pressed into the surface of the sample with a load of 150 kgf, the 

time of holding the sample under the indenter with a load was 

10...15 s. The distance between the centers of two adjacent imprints 

should be at least 4 diameters of the single imprint (but not less than 

2 mm). The distance from the center of the imprint to the edge of 

the sample should be at least 2.5 times the diameter of the imprint 

(but not less than 1 mm). 

To study the change in yield strength, strength limit, and 

relative elongation, a tensile test was carried out using a universal 

tearing machine P-20 (GOST 1497-84). 

To determine the yield strength, strength limit, and relative 

elongation, the samples were stretched under the action of a 

gradually increasing force until failure. The greatest force before the 

destruction of the sample is taken as the force corresponding to the 

strength limit (GOST 1497-84) (Pmax). Thus, strength limit was 

determined as: 

 

𝜎 =
Р𝑚𝑎𝑥

𝐹0
, 

 

where F0 – the initial cross-sectional area of the studied sample, 

m2. 

Yield strength was determined as: 

 

𝜎𝑚 =
Р0.2

𝐹0
 

 

where P0.2 – force corresponding to the elongation of 0.2 %, N. 

The relative elongation of the sample after breaking (in 

percents) is calculated by the formula: 

 

δ=
𝑙𝑘−𝑙0

𝑙0
⋅ 100%, 

 

where lk – final length of the specimen, m; 

l0 – initial length of the specimen, m. 

3. Results and discussion 

Therefore, in order to increase the machinability of 18ChGT 

steel, it was decided to increase the content of sulfur and, at the 

same time, manganese in it, in order to increase the presence of 

included MnS. Also, the phosphorus content is slightly increased, in 

order to reduce the impact viscosity of the chips. 

In fig. 1 shows the type of "sticky" steel shavings of ordinary 

quality, in fig. 2 - type of "crushed" steel shavings with added 

sulfur. 

 

 
 

Figure 1: Formation of chips during turning on 18ChGT steel of ordinary 
quality 

 

 
 

Figure 2: Chip formation during turning on 18ChGT steel with manganese 

sulfides 
 

Table 2 shows the chemical composition of 18ChGT steel with 

the changes made, such steel is called A18ChGT. 

 
Table 2: Chemical composition of alternated 18ChGT (A18ChGT) steel 

Elements, % 
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Thus, from the given data in Tables 1 and 2, it can be seen that 

the amount of manganese in A18ChGT steel has increased from 

0.8...1.1% to 1.20...1.55 % (increase by 1.5...2.0 times); amount of 

sulfur increased from 0.035 % to 0.08...0.10% (2.0...2.8 times 

increase). Aluminum is also included in the chemical composition 

in the amount of 0.01...0.09%.  

7 samples were made from serial steel 18ChGT and steel with a 

modified chemical composition A18ChGT for tensile tests to 

determine mechanical characteristics. The hardness of the gear 

cores after cementation of both steels is 32 HRC. The strength test  

(stress – strain) curves of 18ChGT and A18ChGT steels are shown 

in Fig. 3 and Fig. 4 correspondingly. 

 

 

 

 

Stress, N 
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Strain, mm 
Figure 3: Stress – strain curve of 18ChGT steel 

Stress, N 

Strain, mm 
Figure 4: Stress – strain curve of A18ChGT steel 

The results of tests to determine the mechanical properties, 

averaged over 7 samples from each studied steel brand, are given in 

Table 3. 

Table 3: Mechanical properties of 18ChGT and 18AChGT steel specimens 

Steel brand σ, MPa σm, MPa δ, % 

18ChGT 983.6 1076.8 6.0 

A18ChGT 941.4 1034.6 8.0 

From the data given in Table 3, it can be seen that the strength 

indicators of A18ChGT steel decrease by 4...5% compared to 

18ChGT steel, but its plasticity indicators increase by 30%. 

Due to such a change in mechanical properties, the average 

stability of the passability of the plate during turning was increased 

from 180 pieces to 214 pieces (by 19%). Also, when processing 

18ChGT steel with an increased sulfur content, chip formation was 

improved, and there was also a reduction in working time losses due 

to a fourfold reduction in the need to replace multi-turn containers 

for chips. 

In the process of treatment on 5B312 gear milling machines 

with worm cutters m=4; m=5 (GOST 9324-80) chipping from the 

ends of the toothed rim after the end of the processing cycle was 

found, which resulted in the minimum size of the chip being 

removed during the milling operation, and when removing the burr 

with end mills on the 020-007 machine, it was completely removed 

. The ends of the gear ring were not deformed by end mills. 

In the course of the operation of tooth shaving, the gearing 

parameters met the requirements of the technological process. The 

presence of traces of previous processing and scratches on the 

involute profile of the gear engagement was not found. 

On splined surfaces along the locking grooves of the driving 

gears when machined on 5350 and 5350A slot milling machines 

with slotted cutters 2520-4005 no burr was detected. 

4. Conclusions

1. The possibility of creating a new alloy steel based on

18ChGT steel with an increased sulfur content was investigated. 

Recommended chemical composition for A18ChGT steel: 

0.17...0.23% C, 0.17...0.37% Si, 1.20...1.55% Mn, 1.0...1.3% Cr, 

0.03...0.09 % Ti, 0.08...0.10 % S, < 0.035 % P, 0.01...0.09 % Al, < 

0.3 % Cu, < 0.3 % Ni. 

2. The mechanical properties of A18ChGT steel were studied:

the yield strength is 941.4 MPa, the strength limit is 1034.6 MPa, 

and the relative elongation is 8%. 

3. Control tests showed that when using A18ChGT steel in the

manufacture of gear pumps, the passability of the turning tool 

increases by 19% and chipping decreases; during the tooth shaving 

treatment all parameters correspond to the demands of technological 

process. 
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