Hszeecmus svicuux yuednvix 3asedenuil. 1 oprulii ocypran. Ne 3, 2022

FEOTEXHOINOIMA. TOPHBIE MALLUUHBI

DOI: 10.21440/0536-1028-2022-3-7-15

A roller press parameter selection method taking account
of the briquetted material characteristics

Evgenii A. Shishkin™, Alena A. Mikheeva'
! Pacific National University, Khabarovsk, Russia
*e-mail: 004655@pnu.edu.ru

Abstract
Introduction. Briquetting is an effective way to improve technological, environmental and
economic indicators of waste utilization in various industries. Roller presses hold a special
place among the aggregates for briquetting materials, since they are characterized by high
reliability and productivity, as well as low energy consumption. It is known that the density of
the source material conditions the compression force the press rollers apply to the material to
obtain briquettes of the required quality. Thus, a press with given design parameters provides
the required quality of briquettes in a certain range of the source material densities. However,
there is currently no method for selecting the design parameters of a roller press depending on
the density of the material to be briquetted. A discrepancy between the source material density
and the roller press parameters can either result in the poor-quality of briquettes due to
insufficient power, or in the employment of a press with excess capacity. Both alternatives are
unacceptable, so the development of a method for choosing the roller press design parameters,
depending on the density of the source material, can be considered relevant.
Research objective is to develop a method for selecting the design parameters of a roller press
depending on source material density.
Methods of research. The paper considers the roller press pressing zone showing an increased
density of the source material. The boundary of the pressing zone is determined by the pressing
angle, which depends on the source material density and press roller radius. To determine the
pressing angle value, a laboratory method has been developed, which consists in pressing
batches of preheated source material in a special form at different force values. The quality
indicators of the obtained briquettes are compared with the standard ones, and a briquette
with the required values of quality indicators obtained with the least effort is selected. Then,
the briquette density and compaction coefficient are determined by hydrostatic weighing. Based
on the results obtained, the pressing angle is calculated. The values of the pressing force and
the roller rotation resistance moment are obtained by employing the obtained pressing angle
value, given roller press design parameters, as well as the pressed material physical and
mechanical characteristics. Taking into account the obtained value of the resistance moment,
as well as the specified operating speed of rollers rotation, the drive power required to
obtain high-quality briquettes from a given source material is determined. Comparison of the
calculated capacity and the nameplate capacity of the press indicates whether the considered
roller press model can produce high-quality briquettes from the source material with a given
density.
Conclusions. The developed method allows to take into account specific production conditions
when choosing a roller press model, and, consequently, reduce the expenditures for pressing
equipment. The proposed method can also be used when designing new roller press models
when determining rational design parameters of rollers.

Keywords: production waste, briquetting, roller press, pressing angle; density, roller radius;
pressing force; drive power.
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Introduction. Briquetting is an effective way to improve technological, environmental
and economic indicators of waste utilization in various industries [1, 2].

Roller presses (Figure 1) hold a special place among the aggregates for briquetting
materials, since they are characterized by high reliability and productivity, as well as
low energy consumption [3—5]. Briquettes 4 are produced from source material / by
compacting it with counter-rotating rollers 2.

Figure 1. Roller press:
1 — source material; 2 — roller; 3 — drive; 4 — briquette
Pucynoxk 1. BankoBblii pecc:
1 — ucxoaHbIi MaTepuar; 2 — BaJokK; 3 — NpUBOJ; 4 — OpUKeT

It is known that the density of the source material conditions the compression force
the press rollers apply to the material to obtain briquettes of the required quality [6-8].
Thus, a press with given design parameters provides the required quality of briquettes in
a certain range of the source material densities [9, 10]. However, there is currently no method
for choosing roller press design parameters depending on the briquetted material density.
A discrepancy between the source material density and the roller press parameters can
either result in poor-quality briquettes due to insufficient power, or to the employment of
a press with excess capacity. Both alternatives are unacceptable, so the development of a
method for choosing the roller press design parameters, depending on the density of the
source material, can be considered relevant.

Methods of research. Let us consider a certain volume of the source material subject
to compression by the press rollers (Figure 2). It is known that a material density increase
is observed below the boundary of the pressing zone [11] determined by the pressing
angle o, [12, 13].

The pressing angle (Figure 2) is determined by the following expression [13]:

(Kc _I)Hbr
R > (1)

a, = arcco{l -
0
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where K_is the briquette compaction coefficient; R is the circle radius of the dents on
the working surface of the rollers, m; H, _is the thickness of a briquette, m.
The briquette compaction coefficient is determined by the following expression [13]:

c s
Phoulk

K= @

where p, is the density of a briquette, kg/m*; p _  is the density of the source
material, kg/m?.

Boundary of the pressing zone Source material

Roller

Briquette

Figure 2. Roller press operation diagram
Pucynok 2. Cxema paboThI BAJIKOBOTO TIpecca

The circle radius of dents on the working surface of the rollers according to Figure 2
is defined by the following expression:

— Hbr
RO—R—T, 3)

where R is the circle radius of humps in the working surface of the rollers, m.
Considering (2) and (3), expression (1) takes the following form

(pbr/pbulk - 1)Hbr }

2R-H, “)

o, = arcco{l -
br

Analysis of equation (4) shows that the value of o determines the maximum density
of a briquette at given parameters of the press [14].

To determine the value of o laboratory tests of the source material are carried out.
Figure 3 shows the layout of a test setup used in this research. The test setup can change
the strain rate and record the “force—strain” diagram.

The scheme of a test form is shown in Figure 4. Fine coal was used as the source
material. A batch of the source material preheated in a dewatering box [15] is fed in
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Figure 3. Test scheme:
a — general view of the test setup; b — “force—deformation” diagram
Pucynok 3. Cxema ucnbITaHUiA:
@ — OOl BUJT MCTIBITATENIBHOM YCTAaHOBKY, b — HarpaMma «ycuire—aedopmartus

Load
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Figure 4. Diagram of the test form
Pucynox 4. Cxema ucnbstaTesIbHOM (POPMBI
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a cylinder bushing between two dies. The dies shape coincides with the shape of the roller
working surface in a roller press.

Laboratory tests involve a series of tests using batches of material of various masses
(Figure 5). The minimum batch of the source material is determined according to the
given briquette geometry

mmin = pbulkar’ (5)

where ¥, is the volume of the briquette, m’.

The required values of quality indicators

Figure 5. Series of uniaxial compression tests of specimens of different masses
Pucynok 5. Cepust ucnbITannii 00pa3noB pa3HOI Macchl Ha OJJHOOCHOE CXKaTHe

The batches with mass m_. , m
given briquette thickness H, .

After compression, the density of briquettes p, is determined by the hydrostatic method
(Figure 6). The design density is the density
of the i-th briquette p, , with the required
values of quality indicators [16, 17], obtained
under the minimum force P. The compaction
coefficient of the i-th briquette K_is calculated
according to (2).

Using (3), from the outer circle radius
of the humps on the working surface of the
rollers R known for a given roller press model,
the circle radius of dents on the working
surface of the rollers R is calculated. Then
according to (1), the value of the pressing
angle a_ is determined.

The values of the pressing force and
the roller rotation resistance moment are
obtained using the obtained value of the
pressing angle, the design parameters
of a given roller press, as well as the
physical and mechanical characteristics
of the pressed material, according to [18]. Figure 6. Installation of hydrostatic weighing
The ' press drlYe p ower ‘Prequiregi’ kW, Pucynok 6. Yc;:::;ﬁia;ﬁipoCTaTI/IquKoro
required to obtain high-quality briquettes
from a given source material is determined taking account of the obtained value
of the resistance moment and rollers specified operating speed. The possibility

,» +--» m_are compressed up to the value / equal to the
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of obtaining briquettes of the required quality using a given roller press model is
estimated by the condition

})nameplate = Prequired 4 (6)
where P is the nameplate capacity of the roller press, kW.

nameplate

If condition (6) is met, then the roller press model under consideration ensures
the quality of briquettes made of a given source material.

Conclusions. The developed method makes it possible to consider specific production
conditions when choosing a roller press model and, consequently, to reduce the
expenditures for press equipment.

The proposed method can also be used when designing new models of roller presses to
determine the rational design parameters of the rollers.
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MeTonuka BbIOOpa IApaMeTPOB BAJIKOBOIO NIPecca, YYUThIBAIOIIAS
XapaKTepUCTHKH OpMKeTHPYeMOro MaTepuaJjia

IMumxkun E. A.', Muxeea A. A.!
' THXOOKEaHCKHIi TOCYIapCTBEHHBIN YHUBEpCcUTeT, XabapoBck, Poccust.

Pegpepam

Beeoenue.  bpuxemuposanue — sensiemcsi  dPGekmuubiM  CHOCOOOM  YIYUUIeHUS.
MEXHONOSUYECKUX, — DKONO2UYECKUX U  IKOHOMUYECKUX — NoKazamenell  UCNOIb308AHUsL
0mx0008 paziuunvix npoussoocms. Ocoboe mecmo cpedu azpeeamos 051 OPUKeMUpoBaHus
MAMePUanos 3aHUMAalom 6aIKo8ble NPecchvl, XapaxKmepusylouuecs GblCOKOU HAOENICHOCHbIO
U NpouU3BOOUMENbHOCHbIO, d MAKdCe HU3KUM dHepeonompebdienuem. Hzeecmmno, umo om
NIOMHOCHIU UCXOOHO20 MAMEPUALA 3AGUCUM YCUTUE CHCAMUL MAMEPUALA SAIKAMU Npeccd
01151 nonyuenus Opuxemog mpebyemoeo kawecmed. Taxum obpazom, npecc ¢ 3a0aHHbIMU
KOHCMPYKMUGHLIMU —napamempamu  obecneuugaenm mpebyemoe Kauyecmeo Opuxemos @
onpeoeneHHoM OuUAnazoHe NJIOMHOCMU UCXOOH020 Mmamepuana. OOHaxko 6 Hacmosauee
8pemsi  omcymcmeyenm Memoouxda vlOopa KOHCMPYKMUGHLIX NAPAMEMPO8  BAIKOBO20
npecca 8 3a8UCUMOCMU OM NIOMHOCMU MAMeEPUdnd, nooaeNcauLeco OpUKemupo8aHuio.
Hecoomeemcmeue niomuocmu ucxo0Hoeo mamepuana napamempam UuUcnoib3yemozo
BAIKOBO2O NPeECca MOJNCem Npusecmu Aubo K NOLYUEHUI0 HEKAYECMEEHHbIX OPUKemo8 no
npuyuHe HedOCMAmMOYHOU MOWHOCHU, TUOO K UCHOLb30AHUIO Npecca ¢ U30blmouHOl
mownocmoro. Oba sapuanma sAIOMCA HEOONYCMUMBIMU, NOIMOMY 3a0ady pa3zpadomxu
MEMOOUKU 8b100PA KOHCMPYKMUBHBIX NAPAMEMPOE 6AIKOB020 NPeccd 8 3A8UCUMOCTU OM
NIOMHOCIU UCXOOHO20 MAMEPUANA MONCHO CHUMAMb AKMYATbHOL.

Llenv pabomewl. Paspabomka memoouku 6b100pa KOHCMPYKIMUBHBIX NAPAMENPOE BAIKOBO20
npecca 8 3a8UCUMOCIU OM HIOMHOCHIU UCXOOHO20 MAMEPUAd.

Memooonozus. Paccmompena 30Ha npecco8anusi 8aIK08020 Npeccd, 8 KOmopou Habmooaemcs
pOCm  NAOMHOCMU  UCXOOHO20 Mamepuand. Ipanuya 30Hbl Npeccoganusi Onpeoensiemcs
VoM Npecco8anusl, KOMOPbIUL 3a6UCUm Om NJIOMHOCMU UCXOOHO20 Mamepudnd u paouycd
sanka mnpecca. /[nsi onpedenenusi 3HaAueHusi yeid Npeccosanus paspadomard 1abopamopHasl
MEmoOuKa, 3aKmoUaOWdsics 6 NPeccoSaHul NOPYULl Npeosapumenvio HA2pemo20 UCX0OH020
mamepuana 8 CneyuaibHoll gopme npu paziudHsix 3navenusx yeunus. Ilokasamenu kavecmea
HOLYUEHHBIX OPUKENO8 CPAGHUBAIOMCSL ¢ HOPMAMUBHLIMU U 8bIOUPAEMCsl OpuKem ¢ mpedyembLmu
SHAYEHUAMU NOKA3amenel Kauecmed, NOoIyYeHHbl npu HaumeHbwem ycunuu. /lanee memooom
2UOPOCMAMUYECKO20 B36EUWUBANHUSL ONPEOeTLemCcsi NIOMHOCMb U KO @uyuenm yniomueHus
opuxema. Ha ocnose nonyyennvix pe3yivsmamos Gbluucisemcs yeon npeccoganus. HMcnonvsys
NONYYEHHOe 3HAYEHUE Y2ld NPecCO8aHUsl, KOHCIPYKMUGHbIE NaApaMempbl 3a0AHHO20 BAIKOBO2O
npecca, a makice YU3UKO-MexanuyecKue XapaKmepucmuKu npeccyemo2o Mamepuad, ROwy4aon
SHAYEHUsl YCUIUsL NPeccosanust U MOMeHma conpomugienus epaujenuio eaaka. C yuemom
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NONYYEHHOU BEeIUYUHbI MOMEHMA CONPOMUGIEHUS, A MAaKdce 3a0aHHOU paboyel 4acmomol
spawenis 6aIK08 ONpedersiont MOWHOCMb NPUeoOd, Mpedyemyio O NOTY4eHUs. Ka4eCmeeHHbIX
Opuxemos u3 3a0anHo20 uUCcxo0no2o mamepuana. Cpasnenue paciemHou MOWHOCMU C
nACNOPMHOU MOWHOCBIO NPECCa NO360AEM CYOUMb O 6O3MONCHOCTNU NOMYYEHUS KAUECHBEHHbIX
OpUKemo8 paccmampusaemori Mooenblo 8AIKOB020 NPecca U3 UCXOOH020 MAmepuald ¢ 3a0aHHOU
NAOMHOCMbIO.

Bu16000v1. Pazpadomannan memooura no3eonsen yuumol6antb KOHKpenHole yCi08us npou3so0cmead
npu gvibope MOoOenu 8aIK08O20 npecca U, Cled08amenbHo, CHUMCAMb 3ampamvl HA HOKYNKY
npeccosozo obopyoosanus. Takowce npedrazaemas MemoOuxa moodicem Obimb UCNONb308AHA
npu NPOeKmMuUposanuy HOBLIX MOOelell 6aNIKO8bIX NpPeccos Ol ONpeoeneHus payuoHATbHLIX
KOHCIPYKIMUSHBIX NAPAMEMPOB BATKOS.

Kniouesvie cnosa: omxoodv: npoussoocmea;  Opuxemuposanue; 6aIKO8vlll npecc; Yol
Npecco8amuis,; NIOMHOCIb, PAOUYC BAIKA, YCUTUE NPECCOBAHUSA, MOUJHOCHb NPUBOOA.
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