SCIENTIFIC FOUNDATIONS OF SOLVING ENGINEERING TASKS AND PROBLEMS

SECTION 9. MECHANICAL ENGINEERING AND MECHANICAL
ENGINEERING

9.1 Studying the properties of steel for sidewalls of chute conveyors

Premature destruction of chute conveyor pans leads to reduction in coal
production and creates conditions for the emergence of accidents.

Studies of worn surface of pans showed that chutes, and in particular, the
sidewalls during operation are subjected to abrasion. The hardness of the material
determines the value of mutual implementation of microscopic irregularities of the
rubbing surfaces. The authors of papers [548, 549] have established the relationship
between the hardness and wear resistance of the test material. The operating conditions
set high demands to the material the pans are made of in respect of strength and
durability.

Currently the chutes are made of steel BRK, which is supplied from the
metallurgical plant «Azovstaly. Statistics show that the duration of operation of pans
SP-87P, and KM-81-025M is 6-9 months and during that time the transportation of
only 300-400 tons of coal at a rate of 650 thousand tones is provided. In this case,
basically, the term of pan service is defined by the resistance of the sidewall.

In connection with the above, the objective of the present study was the choice of
material for sidewalls of pans by comparing the properties of the applied and proposed
grades of steel. For this purpose, the level of properties, microstructure of sidewalls
after the heat treatment, heat treatment and welding (it is the order the technological
operations are performed in the manufacture of pans) is subject to analysis.

Steel BRK and steel 18ChGT and 20ChGNB, the chemical composition of which

is shown in table 1, were used as the material of the given study.
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Table 1.

Chemical composition of investigated steel

Composition of elements, %
Grade of steel C Mn | Si : Ct [ Ni [ Ti [ B S | P
Steel BRK 0,29 0,97 | 0,20 - - - - 0,027 | 0,027
Steel 18ChGT 0,18 0,97 | 0,30 1,25 0,17 | 0,050 — 0,019 | 0,022
Steel 20 ChGNB 0,20 0,79 | 0,30 1,05 1,02 — 0,005 | 0,018 | 0,021

The methodology of the study was to measure the hardness, strength indicators,
and investigate the microstructure. As between the hardness and wear resistance there
is direct relationship, according to hardness indicators there can be estimated the
performance characteristics of sidewalls of pans.

The results of study of steel BRK showed that in the hot-rolled state (before heat
treatment) the hardness values distribution across the perimeter and the cross section
of the profile is about 15 HB, and the ultimate tensile strength and the yield strength
respectively 27 and 36 MPa. The microstructure of steel is ferrite-pearlite.

After heat treatment, including quenching from 850-870 °C in water and
tempering at 200°C, the sidewalls pans made of steel BRK, there is observed a
considerable distribution of hardness across the cross section of the profile, cut from
the pan of current production (Fig. 1). Thus, at the edges of the minor and major
flanges, the thickness of which is 9 to 12 mm, the hardness is respectively 444-777 and
320-340NV. In areas of transition of minor and major flanges into the profile wall,
wherein the thickness increases by approximately 2 times, the hardness is respectively
reduced to 217 ... 223 HB (Fig. 1a).

An even greater decrease in hardness is observed with increasing the distance
from the edge of the profile (in length). So, at a distance of 300 mm from the edge (the
distance the specified hardness should be provided at), the latter is slightly different
from the hardness of hot-rolled profiles and is only 166-217 HB (Fig. 1b).

The obtained after appropriate heat treatment in laboratory conditions results of
mechanical properties measurement indicate that on steel BRK after quenching and

tempering at the temperature of 200 °C and 400 °C there not provided both the required
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absolute values and the uniform distribution of strength properties of hardness and the
uniformity of the microstructure along the cross section of the profile.

If, after quenching and low tempering the temporary resistance to the tensile
strength constitutes 765-1040 MPa (range of strength values is 275 MPa), then after
tempering at the temperature of 400°C, the level of tensile strength decreases mainly
due to the reduction of the upper limit of 706-905 MPa ( distribution of strength values
is equal to 199 MPa). Similarly, the yield strength changes as well. The level of the
temporary tensile strength values is less than the desired one. It is necessary that the
tensile strength should not be less than 1275 MPa.

A solid plank is welded (from the broken surface) to the middle part of the profile.
The study showed that the heating temperature of the sidewall portion of pan, located
closest to the welding point, is 300 °C. On the same section the metal in the middle
(trough-the-thickness) of the profile is heated to about 330° C, and on the surface,
somewhat farther from the weld zone, to 250 ° C. The minimum heating temperature
is observed on the shelf and it constitutes 120 °C.

Comparison of the mechanical properties and microstructure of profiles after
machining, including quenching and tempering at 400 °C as well as heat treatment and
welding revealed that heating of metal during the welding process does not
significantly affect the level of hardness, the strength properties of steel and its
microstructure.

However, after welding as well as after heat treatment in the cross section and
along the length there is observed a large spread in values of properties. As a
consequence, the profile of the pan sidewall has low durability in operation. The reason
for this phenomenon is the low hardenability of steel. So, it is necessary to use steel to
obtain higher hardenability, which is achieved by the introduction of alloying elements,
which shift the chart of isothermal decomposition of austenite right wardsand reduce
the critical quenching rate.

Thus, there were carried out studies on the sidewalls of pans, made of steel

18ChGT and 20ChGNB. In the hot rolled state the structure of steel 18HGT 1s ferrite-
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pearlite and that of steel 20ChGNB is bainite and separate parts of ferrite have the form
of a torn grid along the grain boundaries.

The temperature rolling mode: at the beginning 1150-1160 °C, at the end of
rolling- 970-990 °C, the rolling speed — 2.3 m/s.

Hardness in the hot rolled state of the profile made of steel 20ChGNB is 241-262
HB, and that made of steel 18ChGT is below 10-20 HB. Given the complexity of the
geometric shape of the profile and the possibility of its warpage during heat treatment,
there was investigated the level of properties, achieved by quenching in a “soft”
medium, namely in oil. Studies were carried out simultaneously under cooling in water
after tempering. Heat treatment significantly changed the level of properties and the
microstructure of steel investigated.

In steel 20ChGNB, alloyed with boron, after quenching in oil the temporary
resistance to tensile strength is at the level of 1430-1440 MPa and the hardness is 35-
39 HRC. Steel 18ChGT is significantly inferior in strength compared to steel
20ChGNB properties after quenching in oil. The ultimate strength is 1030-1020 MPa,
the yield strength by 300-350 MPa, and the hardness by 7-8 HRC is less than in steel
20ChGNB.

After water quenching and tempering at 200 °C the tensile strength of steel
20ChGNB equals to 1480-1550 MPa, the hardness is 42-45 HRC, and that of steel
18ChGT is respectively 1385-1470 MPa and 36-43 HRC. Fig. 2 shows a histogram of
mean values of the ultimate tensile strength of steel BRK, 20ChGNB and 18ChGT
after quenching in water and tempering at 200 °C.

Increasing the tempering temperature to 400 °C leads to a slight weakening of
steel, which does not exceed 5.10 % in relation to the tempered state. Studies of

hardness after quenching, tempering at 300 °C, and welding of the support strap and

side walls, bottom and sidewalls showed a slight reduction in hardness compared with
a hardened state.

Fig. 1 shows the hardness in the cross section of the pan sidewall made of steel
20ChGNB after heat treatment and welding. The results obtained indicate that after

achieving sufficient hardness after quenching in the cross-section of the profile,
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subsequent welding of the hardened profile leads to softening of worn areas as a result

of operation no more than by 3,2%.

Figure 1. Hardness (HRC) in the cross-section of the pan sidewall made of steel
20ChGNB after heat treatment and welding: 1 - quenching from 880 °C; 2 -
quenching from 880 °C + tempering at 300 °C; 3 - quenching from 880 °C +

welding; 4 - quenching from 880 °C + tempering at 300 °C + welding.

Profiles made of steel 20ChGNB at quenching in oil provide a higher level of
properties than the profiles made of steel 18ChGT. At welding, which is one of
fabrication processes of manufacturing the sidewalls of pans, made of steel 20ChGNB,
with other parts of pans, softening of sections that are subject to wear does not exceed
2-3 HRC. On the basis of the above studies steel 20ChGNB should be recommended

for the manufacture of the sidewalls of pans.
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