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NEW TECHNICAL SOLUTIONS FOR INCREASING
THE ACTIVE CROSS-SECTION AREA OF FIRE
GRATES OF SINTERING MACHINE

Introduction. One of the defining elements of the design of sintering machines is a moving conveyor belt consisting
of sintering trucks, with a set of grates, on which the charge for the production of agglomerate is continuously loaded.

Problem Statement. The presence of the remains of raw charge and agglomerate particles in the space be-
tween the grates and the elements of the sintering truck leads to an increase in the mass of the conveyor belt,
negative changes in the thermal load of the truck bodies and an increase in the temperature of metal structures
and excessive energy consumption for the process.

Purpose. Studying the peculiarities of the use of fire grates of the sintering machine with an increased active
cross-sectional area and reduced gas dynamic resistance due to improving the grate design.

Material and Methods. The features of changes in the gas-dynamic resistance of fire grates made with the
use of improved grates, the heat load on the sintering truck, and the conditions for cleaning the grate field from the
remains of the raw charge and agglomerate particles have been established by experimental and industrial tests
on sintering machines of the AKM-75 type and by modeling with the use of SOLIDWORKS.

Results. It has been established that the grates with a variable cross-section and the angle of the contact faces
of the hinges of the lock to the under-rail beam, which exceeds 90 degrees, ensure a reduction in the heat load on
the sintering truck due to the minimization of the area of their contact with the beam. According to the results of
mathematical modeling, the nature of the influence of the active cross section on the volume of absorbed gases has
been determined. As a result of the increase in the free access of gas flows for cooling the grates and under-grate
beams, the degree of self-cleaning of their contact surfaces increases.

Conclusions. The proposed design allows increasing the area of active cross-section of fire grates, providing a
reduction in the gas-dynamic resistance to the passage of gas flows and the thermal load of the system, raising the
efficiency of removing charge residues from the inter-contact space, and excluding the mechanism of forced grate
shaking from the standard scheme of sintering of agglomerate.
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The key conditions that ensure the standard pro-
gress of the agglomerate sintering process include
forming a layer of sintering charge when it is
loaded with minimal compaction along the height
and uniform gas permeability across the cross-
section of the sintering truck.

The regularities of the relationship between
the sintering speed and the filtration of the charge
layer have been established [1]. It has been shown
that the performance of the sintering machine is
significantly influenced by the composition and
quality of the charge preparation, the parameters
of absorption through the charge layer of the gas
flow, and the speed and completeness of solid fuel
combustion. One of the reserves for stabilizing
the operation of the sintering machine includes
[2, 3] increasing the power of the exhauster, re-
ducing the degree of “harmful” suction, reducing
the gas-dynamic resistance of the grate system,
and stabilizing its operation.

One of the defining elements of the design of
agglomeration machines is a moving conveyor
belt consisting of sintering trucks with a set of
grates (fire grates forming a grate field) on which
the charge is continuously loaded. Fire grates,
with a stable “live” or active cross-section of at
least 8—12%, should provide working gas-dy-
namic resistance within 0.16—0.40 kPa, effective
thermal protection of under-grate beams, and
high thermal stability.

The initial gas-dynamic resistance of the fire
grates is influenced mainly by the choice of a ra-
tional design of the grate. The configuration of
the grates should ensure the maximization of the
area of the active section during the entire period
of operation and the ability to withstand signifi-
cant loads during operation [4]. Such require-
ments are associated with an increase in the pro-
portion of finely dispersed materials in the com-
position of the charge, the absence of the forma-
tion of a 20—50 mm thick bed that is placed on
the grates from return layer of 15—25 mm ag-
glomerate fraction [5].

In the current working conditions of metallur-
gical enterprises of Ukraine, iron ore charge is
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placed on the sintering trucks of the machine
without a “bed”, which leads to a significant de-
crease in the active cross-sectional area of the
grate field due to the clogging of the latter with
solid particles of the charge and melt. In addition,
grates work in conditions of high temperatures
and velocities of gases absorbed by the exhauster.
A significant concentration of dust in the gases
(up to 3000 mg/m?) increases the intensity of the
grates’ main elements’ abrasive wear. At the end
of the charge sintering process, the grates are
heated to 623—1123 K [4, 6].

As noted by the authors of the study [5], the op-
eration of the exhauster at a constant rotor rotation
speed can lead to different productivity according
to the amount of gas and create excessive pressure
in the network. Thus, its operation depends not
only on the design but also on the characteristics of
the network. The characteristic of the gas path is
the total resistance of various sections (charge lay-
er, vacuum chamber, collector, dust collector):

(1)

It has been established [5] that the section of
the gas path from the vacuum chambers to the ex-
hauster creates 10—15% resistance. Thus, the
main gas dynamic resistance is created by the
charge layer on the sintering trucks and the grate
field of the sintering machine.

It should be noted that the power boost of the
exhauster to increase the volume of gases absor-
bed through the charge layer is not economically
justified. According to the results of the study
carried out on AKM-75 type sintering machines by
the authors of this research, a high oxygen content
in the waste gases (up to 17—18%) before the ex-
hauster has been established, while the oxygen
content in the gases absorbed through the charge
layer is 3—6%. This fact may indicate significant
harmful suction in the sintering machine.

Today, the sintering shops of metallurgical en-
terprises of Ukraine have approximately the same
design of sintering machines, equipped with 2.5—
2.7 m wide sintering trucks that are equipped with
different designs of grates. The criterion for choo-
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Fig. 1. Scheme of the location of the grates (a) and the type of the grate field system of the sintering
truck of the AKM-75 type sintering machine during operation (b), the type and shape of the ag-
glomeration zone (¢): 1, 3—5 with a low sintering speed, and a significant gas dynamic resistance;
2 — with high sintering speed and low gas dynamic resistance. The size of the gap at a is 6 mm

sing grates by enterprise specialists is based main-
ly on the stability indicators. For this purpose,
their geometric dimensions are increased, and the
optimal chemical composition of the alloy for cas-
ting or rolling the grate profile is chosen [6—11].

The existing grate field systems of sintering
machines (with an area of up to 100 m?) provide a
maximum active cross-sectional area of 12—15%
and, on average, up to 8.5% [5]. Manufacturing
practice has established that an increase in the
gap between grates of more than 6 mm leads to
significant losses of raw charge and complications
due to the ingress of melt (Fig. 1, @). A decrease
in the active cross-sectional area in separate zones
of the grate field due to charge blocking and ag-
glomerate particles (Fig. 1, b) leads to a sharp in-
crease in gas dynamic resistance and a decrease in
the speed of the sintering point (Fig. 1, ¢).

The typical (standard) design includes the gra-
te design with parallel contact surfaces of the sin-
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tering truck lock slots and the under-grate beam
vertical plane [12—18]. If we use them, the prob-
lem of a significant reduction of the active cross-
sectional area in operation conditions without a
“bed” or with a significant proportion of finely
dispersed material in the composition of the char-
ge becomes more acute.

Standard designs of grates have parallel contact
faces of the slot and the plane of the under-grate
beams at the moment of transition from the work-
ing to the blank branch of the conveyor machine.
A crushing force acts on the raw charge or a fine
agglomerate that has fallen into the space between
the grates, which causes blocking the material.
The movement of the grate in the vertical plane
worsens, and there is a mass blocking of the move-
ment of the grate field and deterioration of its
cleaning conditions. The wedge-shaped surface
of the slot ensures the movement of raw charge or
fine agglomerate only in the direction of adjacent
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grates, in a plane parallel to the plane of the fire
grates. Under such conditions, the charge or ag-
glomerate particles are not removed from the
space “grate-under-grate beam”.

In order to increase the active cross-section and
reduce the gas dynamic resistance of the grate field,
ensure the uniform distribution of the gas flow
across the width of the sintering belt, and solve
the problems as mentioned above associated with
the use of standard grate structures, the authors
of this work proposed the following changes to
the grating structure and the agglomerate pro-
duction technology.

First, changing the profile of the locks to a wed-
ge-shaped profile of the supports and lock slots; se-
cond, the transferring of contact planes from the
heads of the working part to the locks; third, ma-
king the working part of the grate with the same
profile due to the exclusion of contact surfaces
from the profile of the heads; and finally, the exe-
cution of the contact faces of the lock slots and
the corresponding support faces of the heads with
an angle greater than 90°.

In order to study the influence of various tech-
nical parameters on the improved design of the
grate, given its position in space during the oper-
ation of the agglomeration machine, a physical
model of the grate has been developed, the move-

20

Lz

Fig. 2. Grate of the sintering truck of the sin-
tering machine of the improved design (a), sec-
tion of the grate with under-grate beams (b): 1 —
working part; 2, 3 — heads; 4, 5 — rectilinear
tides; 6, 7 — locks; 8, 9 — wedge-shaped slots;
10, 11 — under-grate beams; 72, 13 — lower lock
supports; 14, 15 — support faces

Py S

ment through the grate field system and the dis-
tribution of the dust gas flow along the entire
length of the central part of the grate have been
simulated. In addition, the heat loads on the grate
surface, under-grate beams, and the space be-
tween the grates have been measured, consider-
ing changes in gas temperature and the degree of
rarefaction under the grate beams.

Figure 2 shows a diagram and cross-section of
the improved structure of the grate and a cross-
section of a part of the under-grate beams.

In the improved grate design, the locks have a
variable cross-section with an increase in the wor-
king part, wedge-shaped slots, and supporting fa-
ces of the heads, which form an angle greater than
90° with the contact faces of the lock slots [19].
When installing the grate on the sintering truck,
the contact faces of the grate’s slots form an angle
o with the contact surfaces of the under-grate
beams (Fig. 2, b).

Due to the minimization of the contact area of
the grate with the under-grate beam, the degree
of thermal load on the sintering truck is reduced.
As the value of the angle o increases, the force of
pushing out the raw charge or fine agglomerate
from the opening operation space increases. Such
a design solution provides a significant increase
in the area of active cross-section of the fire grates

ISSN 2409-9066. Sci. innov. 2024. 20(1)
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of the sintering machine, approaching the design
values. In addition, there is an opportunity to pass
a gas-air mix that cools the under-grate beams
and the grate, through the cleaned space.

A particular part of the raw charge or fine ag-
glomerate in loading, sintering, or unloading falls
into the space between the grates and the under-
grate beams 70 and 77. During the movement of
the sintering trucks through the blank branch of
the sintering machine, the grates are moved in
the vertical plane due to the force of gravity (sha-
ke) along rectilinear tides 4 and 5 (Fig. 2). When
the sintering truck moves to a blank branch, the
grates move to touch the slot 8 with the under-
grate beam 70, and the lower supports 72 and 73,
with the under-grate beams 70 and 77.

When passing the radius from the blank branch
to the main branch, the contact collision of slot 8
with the under-grate beam 70 changes to the con-
tact collision of slot 9 with the under-grate beam 77.
At the same time, the lower supports move away
from the under-grate beams. The heads of the grate
are lowered, and the lower contact faces touch
the grate beam upper contact surface for the next
agglomeration process cycle. The angle o be-
tween the contact faces of the slot and the under-
grate beam allows the particles of raw charge or
fines to move, with removal from the grate field
both in the horizontal plane and in the vertical.

In contrast to known technical solutions, the
working part of the grate is made with the same
profile due to the exclusion of contact surfaces
from the profile of the heads, which expands the
area of the active cross-section of the grate field
to the entire length of the grate. In addition to
the increase in gas permeability in these zones,
the air access for cooling the under-grate beams
increases. Due to the increase in the degree of
self-cleaning, an increase in the specific produc-
tivity of the sintering machine and the uniformi-
ty of the wear of the working surface of the grates,
as well as the reliability of the operation of the
grates, are ensured. The forced shaking of the
grates can be excluded from the system of fire
grates made of grates of an improved design.
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Fig. 3. Response surface reflecting the dependence of the chan-
ge in the amount of gas and dust flow passing through the
layer of sintering charge (G,), on the active cross-sectional
area of the fire grates (5) and the degree of rarefaction under
the fire grates

Figure 3 shows the results of industrial studies
of the effect of an active cross-section of the grates
on consumption of air absorbed in the case of the use
of finely dispersed components (fractions < 1 mm)
in the amount of up to 80% of the total volume of
the sintering charge.

The obtained dependences of the influence of
the change in the power of the exhauster (for the
vacuum range from 7 to 10 kPa) on the volume of
gas and dust flow are represented by the corre-
sponding expressions:

G,=0.0275+1.29 R*=0.8526, (2)
G,=0.0355+1.35 R*=0.9761, 3)
G,=0.0225+1.49 R*=0.9308, (4)
G,,=0.0195+ 1.59 R*=0.919. ®))

As expected, with an increase in the active
cross-sectional area of the fire grates from 8 to
14%, the amount of air and gas absorbed through
the agglomerate layer and the charge increases.
Previously, the theoretically justified limit of the
specified increase [21] was up to 25% of the area
of the active cross-section of the grates. However,
using the grates that would allow us to achieve the
specified theoretical values is significantly com-
plicated in industrial conditions. One of the ways
to solve the problem may be to reduce the thick-
ness of the grate, but complications with the sup-
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Fig. 4. Velocity of gas flow in the plane of the active cross-section of the grates in the case of the use of standard (@) and
improved grates design (b). The lines on the diagram reflect the nature of the gas flow through the charge layer and between
the elements of the system: 7 — working part; 2 — head; 3 — rectilinear tides; 4 — lower supports of locks; 5 — under-grate

beams of the sintering trucks

ply of grates with the chemical composition of the
metal that meets the requirements [6—11], actu-
alize the need to find and use other options.

The solution proposed in this paper with trans-
ferring the contact surfaces to the lower fastening
part of the locks can increase the area of the ac-
tive cross-section of the fire grates (Fig. 2).

In order to determine the main parameters of
the «grate field - sintering truck» system, a model
of the improved grate design has been developed,
and gas dynamics and heat exchange have been
simulated in the system using the SOLIDWORKS
program and the finite volume method (FVM).

The simulation has been done given the follow-
ing initial conditions: the conditions of gas imper-
meable through the boundaries, limited by the ends
of the sintering truck and under-grate beams; free
movement of gases through the space between
the tides, the supports of the locks and the work-
ing surface of the under-grate beams (Fig. 4); the
temperature and velocity of the gas flow at the en-
trance to the grate system is 1073 K and 3.0 m/s,
respectively. The pressure at the system inlet is
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set to P, = 101325, while the pressure at the out-
let from the under-grates is P,, = 93325 Pa.

The results of modeling the gas flow rate in the
plane of the active cross-section of grates with
grates of standard (a) and improved design (b)
(Fig. 2) are shown in Fig. 4.

Based on the results of the simulation, it has
been found that in the case of the standard de-
sign grates (Fig. 4, a), there is the existence of
three characteristic zones of the absence of the
possibility of passage of gas flows. The total area
of these zones is 20.3% of the active cross-sec-
tion of the grate.

In contrast to the conditions of the passage of
gas flows according to the scheme of Fig. 4, q, in
the case of the improved design grates (Fig. 4, b),
the passage of the gas flow is ensured over the en-
tire width of the active cross-section of the grates,
while the minimum flow speed reaches 15 m/s.

The transfer of the contact surfaces (4, 5) from
the heads of the working part to the fastening part
of the lock slots 6, 7 (Fig. 2) ensures the passage
of the gas (gas dust) flow over the heads of the

ISSN 2409-9066. Sci. innov. 2024. 20(1)
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Fig. 5. Trajectories and velocities of
the gas flow (m/s) in the “fire grates -
under-grate beams” system of the sin-
tering truck of the agglomeration ma-
chine with standard grates (sintering
truck TK-25) (@) and with grates of
an improved design (b, ¢, d): a, b —
front view; ¢ — top view; d — side
view of the sintering truck: 7, 3 —
contact planes of the head; 2 — wor-
king parts of the standard grate; 4, 5 —
rectilinear tides of the grate of an
improved design

Fig. 6. Temperature distribution (K) and rarefaction value (Pa) in the system “fire grates — under-grate beams” of the sintering
truck of the sintering machine according to the simulation results: a — temperature distribution in the system by cross-section;
b is the amount of rarefaction in the system at the cross-section
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working part of the grate, the share of which is
25—30% of the total length of the grate.

The results obtained by modeling the trajectory
and velocity of the gas flow (m/s), temperature
distribution (K), and rarefaction value (Pa) in the
system “fire grates — under-grate beams” of the
sintering trucks of the agglomeration machine are
shown in Fig. 5 and Fig. 6 respectively.

Dependence of the speed of the gas and dust
flow (V, m/s) along the surface of the grate of the
improved design from the end (x,, m) to its mid-
dle part (x, m) (Fig. 4, b) in the active cross-sec-
tion of the fire grate system (Fig. 5, ¢) is repre-
sented by the equation:

V=2859.56x2 - 284.1;x,— 9.5252 R*=0.8995. (5)

The movement of the grate of the improved de-
sign in the fire grate system has been simulated
when the sintering truck moves from the working
branch through the unloading part, the blank
branch, and the central part (Fig. 7).

The behavior and peculiarities of removal of the
fine component of the charge and agglomerate

94

Fig. 7. Simulation of changes in the position of
the grate and under-grate beam of the sintering
truck and the direction of movement of the charge
and agglomerate particles (indicated by arrows)
when they are removed from the opening opera-
tion space in different periods of movement on the
sintering machine: 7 — grate; 2 — under-grate
beam; 3 — free space

particles that accumulate in the space between
the grates and the grate beams through the pro-
vided free space have been studied. The metho-
dology has been refined with the use of the re-
sults of modeling the movement of gas flows at
different positions of grates in space, and their
rational geometric characteristics have been
calculated. When increasing the area of the ac-
tive cross-section of the grates, gas absorption
is ensured along the entire length of the grates
through the space between the locks and be-
tween the grate beams. The highest speed of
gas flows in the free plane between grates
reaches 33.7 m/s.

CONCLUSIONS

1. Based on the results of experimental and semi-
industrial research on AKM-75 machines, it has
been established that a significant reserve for sta-
bilizing the operation of the sintering machine is
the reduction of the gas-dynamic resistance of
the grate system. It has been shown that in the

ISSN 2409-9066. Sci. innov. 2024. 20(1)
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grates of sintering machines with standard grates
that have parallel contact faces of the gap and the
planes of the under-grate beams, the space for the
absorption of gases is blocked by the charge or
agglomerate particles. This fact increases the gas
dynamic resistance and makes self-cleaning the
system impossible.

2. An improved design of grates with an increa-
sed active cross-sectional area is proposed based
on a new configuration of grates.

3. The conditions for increasing the active
cross-sectional area of the grates of the sintering
machine due to the transfer of the contact planes
of the grates from the heads of the working part
to the fastening part of the locks have been sub-
stantiated.

4. The model of the improved structure of the
grate has been developed, and the gas dynamics
of gas flows and heat exchange in the grate sys-
tem have been simulated with the use of the
SOLIDWORKS program. Using the finite vol-
ume method (FVM), we have determined the
trajectories, the location of circulation zones, the
velocity of gas flows, the temperature distribu-
tion, and the rarefaction in the active cross-sec-
tion of the grates. In contrast to the known solu-
tions, the parameters of heat exchange, tempera-
ture distribution, and rarefaction along the height
in the system «fire grates — under-grate beams of
the sintering trucks are taken into account, which
has allowed determining the parameters of the
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JIHinpoBCchKNUIL IepyKABHUI TEXHIYHUI YHIBEPCUTET,
ByJ1. [IHinpoGynisebka, 2, Kam’siHebke, 51918, [lninponerpocbka 0041., YkpaiHa,
+380 569 50 6516, science@dstu.dp.ua

HOBI TEXHIYHI PIINEHHA 3 IIIIBUIIEHHA IIVIOIII AKTUBHOT'O
MEPETMHY KOJIOCHUKOBUX I'PAT ATJIOMEPAIIMHOT MAIIIMHA

Beryn. OzHnM i3 BU3HAUa/IbHUX €JIEMEHTIB KOHCTPYKIII arJioMepariiiiHiX MallluH € PyXOMa KOHBEEPHA CTPIUKa, 110 CKJIAIAETHCS
3 CIIKAJIBHUX Bi3KiB, 3 KOMIIJIEKTOM KOJIOCHUKIB, Ha sIKi O€3I1ePEPBHO 3aBAHTAKYETHCS IIUXTA /IS BUPOOHUIITBA arJIoMepary.

IIpoGrematuka. HasBHICTb 3a/IMIIKIB CUPOI IMMXTH Ta YACTUHOK arJIOMEPaTy Y MPOCTOPI MixkK KOJOCHUKAMH i eJIeMEeHTaMU
CIIIKQJILHOTO Bi3Ky IPU3BOAKTH [0 30iIbII€HHS MaC KOHBEEPHOI CTPIYKK, HETAaTUBHUX 3MiH y TEIJIOBOMY HaBaHTaKEHHI
KOPITYCiB Bi3Ky Ta Mi/IBUIIIEHHS TeMIIepaTypy MeTaJTOKOHCTPYKILH 1 TlepeBUTpaT eHeprii Ha 1mporiec.
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Merta. [lociizKeHHs: 0COOINBOCTE BUKOPUCTAHHS KOJIOCHUKOBUX I'PAT arJioMepaliiiHol Mamiuy 3i 361/1b1IEHOIO TIOIIE0
AKTUBHOTO TIEPeTUHY 11 3HIKEHNM 32 PaXyHOK y/IOCKOHAJIEHHS KOHCTPYKITii KOJTOCHUKIB ra30IMHAMITHIM OTIOPOM.

Marepianu ta Meroau. OcobIMBOCTI 3MiH ra30[MHAMIYHOTO ONOPY KOJIOCHUKOBHX I'PAT, BATOTOBJICHUX 3 BUKOPUCTAHHIM
YI0CKOHAJIEHUX KOJIOCHUKIB, TEIJIOBOTO HaBaHTa)KeHHs Ha CHIKaJIbHUI BI30K Ta yMOB OUMII[eHHSI KOJIOCHUKOBOTI'O 10T BiJ|
3aJIMIIKIB CUPOI IUXTH i YACTHHOK arJioMepary BCTAHOBJIIOBAJIN MIJISIXOM JOCJITHO-IIPOMUCJIOBUX BUIIPOOYBaHb Ha arjioMa-
muHax Ty AKM-75 it mogemoBarisam 3 Bukopuctanism SOLIDWORKS.

Peayabratu. Beranosieno, 1Mo KOJTOCHUKY 31 3MiHHUM TTEPETHHOM i KyTOM KOHTAKTHWUX TPaHell 3iBiB 3aMKa /10 TiIK0JI0-
CHUKOBOI Oasiku Gibire 90° 3a6e31euy0Th 3MEHIIEHHS TEIIOBOTO HABAaHTAKEHHS Ha CIIKaIbHUI BI30OK 3a paxyHOK MiHiMizallil
IUIONI TX KOHTAKTY 3 OaJIKOt0. 3a pe3yibraTaMy MaTeMAaTUYHOTO MOJICJIOBAHHST BCTAHOBJIEHO XapaKTeP BILIMBY aKTUBHOTO T1e-
peTuHY Ha 0OCST rasiB, U0 IPOCMOKTYIOThCs. Uepes 361/IbIeHHS BIIBHOTO JI0CTYILY Ta30BUX IIOTOKIB JIJIs1 OXOJIOJZKEHHSI KO-
JIOCHUKIB 1 IIIKOJIOCHUKOBHUX OAJIOK 3POCTAE CTYIIEHD CAMOOUUIIEHHS! IXHIX KOHTAKTHUX [TOBEPXOHb.

BucnoBku. Po3po6ka 103B0JIUTH 301IBIINTH MJIOILY AaKTHUBHOTO IIEPETUHY KOJOCHUKOBHX TPAT, 3a0€31e4YNTh 3MEHIIEeHHS
ra30/IMHaMIYHOTO ONOPY IPOXO/KEHHIO Ta30BUX IIOTOKIB i TEIJIOBOTO HABAHTAKEHHS CUCTEMH, MiIBUIIIEHHS e(DeKTUBHOCTI
BU/IAJICHHST 3AJTUIIKIB MIUXTH i3 MI’KKOHTAKTHOTO IIPOCTOPY 1 BUKJIIOUEHHS 31 ITATHOI CXeMU CIIKAHHS arJioMepaTy MeXaHi3M
[IPUMYCOBOTO CTPYIIYBaHHS KOJIOCHUKIB.

Kmouosi cnosa: KomocHUK, KOHTAKTHI TpaHi, MMUXTa, arJoMepaliiiiia MainmHa, akTUBHUI TIePeTUH, Ta30IPOHUKHICTbD, OMip,
MPOLYKTUBHICTb.
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