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The development of baking technology for bulk materials
based on the use of alternative electric furnace

The article based on the experimental data and it describes the development of a rational design of an oscilla-
tory system for controlled vibrational feeding of bulk materials during their heat treatment in furnaces with a
vibratory base plate, which, together with the moving trolley on elastic connections, is the basis to transfer
bulk material in the thermal field of an electric heating system with set processing time. To create non-
symmetric oscillations and to obtain unidirectional material motion at the horizontal furnace position, the
conical springs are used. They should provide a gently inclined resonant peak, which can significantly reduce
the sensitivity of the oscillating system to fluctuations of the natural frequency and excitation frequency,
stiffness, friction and other factors under high temperatures and instability of the electrical network. However,
the total elastic characteristic of the oscillatory system which is obtained as a result of the experiments con-
sists of conical and cylindrical springs and shows a weakly expressed nonlinearity. Therefore, to achieve a
transport effect it will require the installation of the entire furnace unit at an angle to the horizon. According
to the available experimental data, a linear model of the oscillatory system was utilized.

Keywords: an electric furnace for bulk materials burning, vibrating base plate, oscillating system, nonlinear
elastic characteristic, amplitude-frequency characteristic, sensitivity of the oscillating system to external fac-
tors.

Introduction

Vermiculite and materials based on it are widely used, so its processing technology is given wide atten-
tion [1-4].

The concept of electric furnaces with a vibrating base plate [5—10] appeared as an alternative to modu-
lar-trigger furnaces for puffing-up vermiculite concentrates [11]. In a number of works, for example, in [12]
there are studies of the heat transfer processes of radiant energy to the processed bulk medium and other en-
ergy aspects. These studies showed that the energy efficiency of new furnaces is much greater than the mod-
ular-trigger electrical units: the energy density of vermiculite baking has decreased from 170...175 to 75...82
mJ/m’. Besides the heating system, which transfers heat of radiant energy to the treated medium, the new
furnace contains an oscillating system — the oscillating system is a vibrating base plate, which is designed to
control the time of transportation of bulk materials in the hot compartment of baking furnace due to the vi-
bration transport effect.

The purpose of the research is to create a rational design of an oscillatory system and to work out the
modes of vibro-displacement of bulk materials as well as figure out the required time for their heat treatment
on the base of experiments with a vibrating base plate of a prototype of an electric furnace of a new design.
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Experimental

The research was carried out on a full-scale physical model (single-phase prototype) (Figure 1).

For a better understanding the design of a furnace with a vibrating base plate shown in Fig. 2 let us con-
sider its construction diagram. Dosing chamber for bulk material 2 is fixed on the frame 1. From the dosing
chamber the bulk material is transferred through the tray 3 to the base plate surface 4, which thermally insu-
lated underneath by heat-resistant felt 5.

Figure 1. Furnace prototype with a vibrating base plate: 1 is the drum doser; 2 is the doser drive;
3 is the trigger tray; 4 is the thermal lid; 5 is the heating system; 6 is the frame

There are fasteners 7 on the thermal lid 6 to hold the heating elements 8 which located above the base
plate with a gap providing free movement of the bulk medium along its surface. The base plate is fixed on
the moving trolley 9 equipped with bearings 10 which are mounted in the guides. The track is spring-loaded
on the left by cylindrical springs 11, on the right — by conical springs 12.
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Figure 2. Constructive diagram of furnace prototype (shown in the horizontal position):
1 is the frame; 2 is the dosing chamber for bulk material; 3 is the tray; 4 is the base plate surface;
5 is the heat-resistant felt; 6 is the thermal lid; 7 is the fastener; 8 is the heating element;
9 is the moving trolley; 10 is the bearing; 11 is the cylindrical spring; 12 is the conical spring

The drive engine is equipped with the eccentric bearing fit 13, and therefore impacts on the plunger 14
by its shaft and through the spring 15 excites the vibrations of the moving trolley 9 with the base plate 4, due
to which a vibrating-transport effect arises and the heat-treated material is poured through the tray 16.

From the point of view of the total springs elasticity, the oscillatory system is not symmetrical.
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The conical springs 12 (Figure 2) were used with the purpose to obtain a nonlinear static characteristic
of the oscillatory system and mounted on the side which the bulk material should move [13—17]. In addition,
in a non-symmetrical system, the resonance peak on the amplitude-frequency characteristic (AFC) slightly
declines to the left, which makes it possible to reduce the sensitivity of the oscillating system to frequency
fluctuations, rigidity, friction, etc. in high-temperature conditions and non-stability of the electric network.

Another factor that determines the process of vibrational transportation of bulk product is the dynamic
surface tilt which in this case is provided by the tilt of the furnace frame [17-20].

Results and Discussion

Figure 3 shows a diagram of the oscillating system, which contains four cylindrical springs of stiffness ¢,
one coil spring of stiffness ¢, and four conical springs with variable stiffness ¢;.

Figure 3. The diagram of oscillatory system

To evaluate the degree of nonlinearity of the oscillatory system as a whole (moving trolley 9, Figure 2),
the following experiment was carried out. Using the lever tensioner and a dynamometer F2—13780, the track
shifted toward the slope (Figure 3).

The ratio of the lever arms (meter) was:

— 1n the first case — 1.825/0.18=10.14;

— at the opposite movement — 1.665/0.305=5.46;
so in the first case the dynamometer was multiplied by 10.14, in the second — by 5.46.

The results of measurements are given in Table 1.

Table 1
The results of static loading system
Shift toward the slope Shift away from the slope
Compressive force F, [N] Moving x, [10—" m] Compressive force F, [N] Moving x, [10—> m]

0 0 0 0
507.3 2.0 211.1 0.5
1054.7 4.0 481.2 2.0
1521.4 6.0 7785.6 3.1
2028.4 7.9 982.0 4.1
2535.9 9.4 — —

In Figure 4, the experimental points are plotted according to the data of Table 1. The thicker graph re-
flects the degree of nonlinearity of the oscillatory system, the thin one — linear interpretation of the static
elastic characteristic [21-23].

It is obvious that the oscillatory system is characterized by a very weak nonlinearity: firstly because of
influence of the cylindrical springs with constant rigidity; secondly, the displacement x must be too large, to
effect the variable rigidity of the conical springs. Therefore, we can consider the total rigidity of the system
as a linear interpretation of the elastic characteristic (Figure 4), especially taking into account the result
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which were obtained during the dynamic tests — the amplitude of the oscillations in the resonance does not
exceed 10 mm.
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Figure 4. Static chart of the oscillating system

Table 2 shows the results of one of the conical springs loading.

Table 2
Conical spring
Compressive force F, [N] Absolute deformation x, [10— m]
0 0

41.69 1.45

137.34 4.75

196.2 6.35
290.38 9.05

340.4 9.85

393.38 11.95

427.70 13.45

691.79 17.55

767.14 19.55

Using the data of Table 2, let us determine the average rigidity value ¢, (N/m):
1£F1 F, F, F, F, F, F, F ng 1( 41.69  137.34
+2 242 TS

9 9
196.2 290.38 340.4 393.38 427.7 681.79  767.14
+ + + + + + + =32944,
0.00635 0.00905 0.00985 0.01195 0.01345 0.01755 0.01955)

where F; — the compression force of the spring (H), x; — its corresponding absolute deformation (m).
Similarly, we determine the rigidity of springs ¢, and ¢, (tabular data are not given):
K F F, F F F F F K
01 NWs B E R K K E K |
ONx, x, x5 x4 x5 x5 X X X
13041 41.69 6131 91.23 100,55 136.85 147.15 1923 195.7
+ + + + + + + + =15030;

910.0015  0.0034  0.0046 0.006 0.0074 0.0093  0.01  0.0116 0.0134

¢ == = + +
0.00145 0.00475

XX, Xy X, Xg X X, Xy X,
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I(F, F, F, F, F, F, F F F
¢ :_(_1+_2+_3+_4+_5+_6+_7+_8+_9j:
Nx x x x x x X X X

1[52.97 13695 1958 216.8 290,38 3409 392.6 399.76 44194
=— + + + + + + + +

©910.002  0.0031 0.0042 0.0059 0.0066 0.0081 0.0097 0.0104 0.0111

In accordance with the diagram of oscillatory system (Fig. 3), its total rigidity will be equal (N/m):

c=4citde 1 tc,=4-32944+4-15030+39846=231742.

To calculate the natural frequency of the moving trolley with the base plate, it was weighed on an elec-
tronic scale PP 1001 VO / 3A0R with an upper measurement limit of 150 kgf. As a result, the total mass (m)
was equal — 76.4 kg.

For a given set of springs, the natural frequency of the oscillating system was equal, rad/s:

, =\/E=55.1,
m

Conclusion

jz 39876.

which corresponds to 8.77 Hz.

In addition to the electric heating system, which is used to create powerful temperature radiation and to
transfer it to the processed bulk medium, a prototype of an electric furnace of a new design was added to the
operation. The new furnace also contains an oscillating system in the form of a spring-loaded base plate de-
signed to control the heat treatment process time of the material in the furnace due to the generated vibrating
transport effect. The vibratory base plate on the moving trolley is a simple vibrating dispenser that provides
the flow and time-controlled movement of bulk materials in the thermal field of the furnace.

We conducted the experiments where the total elastic characteristics of a set of conical and cylindrical
springs were aimed to be worked out. The experiments proved that the oscillatory system exhibit a weak
nonlinearity, which does not allow transporting bulk material at the horizontal position of the plate. And this
requires the installation of a vibration base plate with a slope toward the material being moved in order to
achieve a stationary transport process of the bulk material. Therefore, for further research, a linear model of
the oscillating system was used for the process of working out the special parameters such as an analytical
dependence for calculating the natural frequency of a spring-loaded base plate and the range of resonant os-
cillations. The parameters were worked out.

However, studies have not yet been completed, since the linear system has some drawbacks related to
its high sensitivity to possible fluctuations of the natural frequency and excitation frequency, fluctuations of
spring stiffness and friction forces and other factors in high temperature conditions and instability of the
electrical network.
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A. Hmwxeropopaos, A. I'aBpunun, b. Moiizec, K. KyBunnon

Bbanamaisl 3jiekTpnemTi naiigajgany Herizinae cycbIMaJbl
MaTepuaIapabl KYHAipy TeXHOJOTHACHIH J3ipJiey

Makanaza SKCIEpUMEHTaNIbl MOJIMETTep Heri3iHae MAipiaai Tipek IUMTacel Oap memTepie oJiapbl
TEPMOOH/IEY Ke3iH/e CyChIMalbl MaTepHaIgapra peTTelTiH Aipiaai Oepy yuriH TepOenmeni xKyHeHiH YThIMIbI
KYPBUIBIMBIH 33ipJiey CHIATTAJFaH, 0J ceprimai OaillaHbICTaparsl JKbUDKBIMANbl apbaMen 0ipre cychiMaibl
MaTepualIIapAbsl OepiareH oISy yaKbITHIMEH JJIEKTP KbI3ABIPY JKYHECiHIH XKbBULy opiciHe TachManaay YIIiH
Heri3 Ooibin TadbuTanel. CHMMETPUSIIBI eMec TepOermicTepai jkacay JKoHEe IEINTiH KeJIAEHEH JXaFxaiblHia
MarepuaigbiH Oip OGarbITTaFbl KO3FAIBICHIH ally YVIIH KOHYCTBIK cepimmenep KoigaHburrad. Omap
PE30HAHCTHIK MIBIHHBIH KUFAIITAYBIH KaMTaMackl3 eTyi Tuic, Oy TepOeric KyHeciHiH XKoFapsl TeMIeparypa
MEH DJIEKTp MKEJICIHIH TYPaKChI3IBIFBI KE31H/E 03 )KUUTITIHIH TepOeTiciHe KoHe KO3y XKULIIriHe, KATTHUIBIKKA,
yiikenicke »xoHe Oacka fAa (akTopiaapra Ce3IMTaJIbIFBIH aifTapiblKTail TOMEHIETyre MYMKIHAIK Oepeni.
Anaiia, SKCHEpHUMEHTTED HOTIDKECIHIE albIHFaH TepOenic >KYHECiHIH Kalmbl CepIiMIi CHIIaTTamMachl
KOHYCTBIK JKOHE LMJIMHAPIIK CepilmeNnepAeH Typajbl jKOHE 9JICi3 KOPIHOGHTIH CBHI3BIKTBIKTHI KOPCETE.
CoHABIKTaH KOJIKTIK 9cepre KTy YIIiH FOpPU30HTKA OYpHIIIIEH OapibIK Iell arperaTtblH OPHATY KaXeT.
Toxipubenik nepekTep OOUBIHIIA TepOeltic )KYHUECiHIH ChI3BIKTHIK MOAETI KOJIaHBLIFaH.

Kinm coe30ep: cycplMansl MaTepuainiapAbl KYHIipyre apHaJFaH dJIEKTp I, MIipiiAi TipeK IUTHTackEl,
TepOenMeni Kyife, CBI3BIKCHI3-CEpHIMJI CHIATTaMa, aMIUINTYIadbIK-KHAUIIK CHIIATTaMachl, TepOeamMei
JKYHEHIH CBHIPTKEI (hakTopIIapra ce3iMTalIbIFbL.
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Pa3paboTka TeXHOJI0ruH 00KUra ChINMYYNX MATEPUAJIOB HA OCHOBE
HCMOJIb30BAHUS ATbTEPHATUBHOM 3JIEKTPOINeYHn

B crarbe Ha OCHOBE 9KCIIEPMMEHTATIBHBIX JAHHBIX OIMCAHA Pa3pabOTKa PalHOHATBHON KOHCTPYKINH KoJleOaTeb-
HOM CHCTeMBI JUTsSl PETYIUPYEMOH BUOPALIMOHHOM MOJauH ChITYYHX MaTepHasoB MpU UX TepMooOpaboTKe B Medax
C BHOPAILMOHHON ONOPHON IIMTOM, KOTOpask BMECTE C MOJABIDKHOM TEJIEKKOHM Ha YIIPYTHUX CBA3SX SABILSIETCS OCHO-
BOM /ISt IIepeHoca CHIITYyYHX MaTepHaoB B TETUIOBOM IIOJIE 3IEKTPOHArPEBATENIBHOM CUCTEMBI C 3a[aHHBIM BpeMe-
HeM 00paboTku. [yt co3aHns] HECUMMETPUYHBIX KOJIe0aHNH 1 IOy deHHs OJHOHATIPABICHHOTO ABIKEHHUS MaTe-
pHata B TOPU30HTAIHHOM IIOJIOKEHIH TIEUH HCIIONB3YIOTCS KOHMIecKue NPy XuHbL. OHM TODKHBI 00ecIeunBaTh
TIOJIOTHI HAKJIOH PE30HAHCHOTO ITMKA, YTO IO3BOJIICT 3HAYUTCIIHHO CHU3UTH UYBCTBHTEIBHOCTH KOJICOATETHHON
CHCTEMBI K KOJIEOAHHSIM COOCTBEHHOI YaCTOTHI X 9AaCTOTHI BO30Y KIEHHMS, )KECTKOCTH, TPEHUIO U JIPYTUM (haKTopam
TIPH BBICOKHX TEMIIEpaTypax M HECTAOMIIBHOCTH JJeKTpudeckoi cetd. OnHako ofIas ympyras XapaKTepHCTHKa
Ko0J1e0aTeNbHOM CUCTEMBI, TIOTy9IeHHas B Pe3y/IbTaTe SKCIIEPHIMEHTOB, COCTOUT U3 KOHIMYECKHUX M IMIHHIPAIECKIAX
NPYXKHUH U JEMOHCTPUPYET CI1a00 BBIPAKEHHYIO HENMHEHHOCTH. [103TOMY JUISI DOCTIKEHHUS TPAHCIIOPTHOTO (-
(exra notpedyercst yCTaHOBKa BCErO MEYHOTO arperara Hoj YIiIoM K rOpH30HTY. ITo nMerommMes SKCIiepuMeH-
TaJTbHBIM JIAHHBIM, ObLIIa HCIIOJIb30BAHA JIMHEWHAS MOZIENb KOJIe0aTENbHOH CHCTEMBI.

Kniouesvie cnoga: >nexkTpuueckas eub Uil 00XKHra ChIITydnX MaTepHaloB, BUOPHPYIOLIas OMOpPHas IUIHTa,
KosiebaTeNbHasl CUCTEMa, HENMHEHHO-yIpyras XapaKTepHCTHKA, aMIUIUTYIHO-4acTOTHAs XapaKTepUCTHKA,
YyBCTBUTEJIFHOCTh KOJIEOATEILHOM CHCTEMBI K BHEITHUM (pakTopam.
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