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To obtain metal-ceramic plates of uniform longitudinal dimensions with SHS-electric rolling, it is
necessary to comply with the conditions for the coincidence of the values of the velocities of the
synthesis front and the container with the synthesized charge, i.e. finding the cross section of the
synthesis front at a constant distance from the deformation zone. The parameters that violate these
conditions are shown - the change in charge density and relative deformation. It is shown that the
difference between the virtually delivered and compacted masses (excess mass) shifts towards the less
stable, more porous back of the workpiece. As a result, the length of the synthesized product from
the inlet section of the deformation zone increases, which violates the condition of constancy of the
distance between the combustion front and the deformation zone. Therefore, it is necessary to
increase the billet speed to such a value that the synthesized mass is continuously fed to the
deformation zone in a homogeneous viscoplastic state. In this paper, the method for determining the
change in speeds and the dependence of the increase in the speed of movement of the container during
the electric rolling of TiBos plates on the change in charge density and relative deformation are
presented. © 2023 Bull. Georg. Natl. Acad. Sci.

metal-ceramic plates, SHS-electro rolling, charge and material density, relative deformation, synthesis and
rolling speed

It is known that one of the main ways to obtain
metal-ceramic and ceramic tiles of unlimited length
by the method of SHS-force compaction is a
combined process of SHS and electric rolling [1].
In this method, the initiation, synthesis, and
production of non-porous products is carried out on
a SHS-electric rolling unit. When a high-density
current is passed through the sample in the
deformation zone, the process of synthesis and

compensation of heat losses is initiated, which
ensures an isothermal process and rolling at large
deformations by limiting the free broadening in the
roll caliber. In this case, it is necessary to
synchronize the speed of the combustion front with
the speed of rolling in the process, so that any end
section of the billet enters the deformation zone in
a heated viscoplastic state [2-6]. Experiments have
shown us that during SHS-electric rolling, the back
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part of the product (about 10% of the total length)
breaks or detaches from the main part. This is
explained by the fact that the “negative” flow in the
deformation zone changes the temperature and
technological regime of the electric rolling of the
product with a change in the density of the rolled
mass. In the deformation zone, the difference
between the virtually delivered and compacted
masses (excess mass) moves to the rear regions of
lower density (less resistance), the so-called
"negative" drawing, which causes the outflow of a
viscous hot mass from the deformation zone into
the synthesis zone and increases the length of the
synthesized material. The length from the
combustion section to the section of the entrance to
the deformation zone increases, and, accordingly,
the time of advancement of this section to the
deformation zone increases, i.e. the deformation of
the synthesized material is delayed. This effect is
maximum at the end of the rolling process. The rear
section of the product no longer receives additional
thermal energy, it begins to cool down intensively,
and in the capture section, the cooled mass below
the phase formation temperature is fed to the rolls.
The material becomes non-deformable, brittle, and
subsequent deformation causes the appearance of
cracks in it and even breakage of products [7-9].

Considering the above-mentioned, the main
reason for the breakage of the last section of the
workpiece is a violation of the synchronization of
the rolling speed and the speed of the combustion
front, in particular, the lag in the rolling speed.

Thus, in order to maintain the temperature
balance in the process of electric rolling of the
synthesized mass, it is necessary to control the
rolling speed taking into account technological
parameters (geometric, speed and power).

In SHS electric rolling, a necessary condition
for obtaining a material with a homogeneous
structure is an equal distance from the combustion
front section to the deformation center while
maintaining a certain ratio of the speeds of the SHS
and the container with the charge throughout the
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entire process, which ensures the constant delivery
of the synthesized mass in a viscoplastic state to the
deformation zone (Fig.).
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Fig. Diagram of SHS-electric rolling.

Based on the scheme of SHS-electric rolling
(Fig.), taking into account the law of mass
constancy during rolling of porous materials and
mathematical transformations, an image is
obtained, with the help of which the speed of
movement of the container with the charge is
determined:

Voon = 0,950V / P (1—), (1)
where: p;, p,.. are charge and material densities;
g/sm3, & — relative strain, %; v — synthesis rate,
mm/s; 0.95 is a coefficient that takes into account
the expansion of the product in the roll caliber.

The density of the material depends on the
degree of deformation. At various relative defor-

mations, the density of the material can be
expressed empirically [2]:

P =Po+ (P = Po) (6 Ene) 0 (2)

where: p, is the density of the material at the value
of the degree of deformation ¢,; p,,. is the density
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of the non-porous material at the maximum degree
of deformation emax (in our case, when rolling
TiBos p,, =5.07 g/lcm? and ¢, = 65%).

To control the process of SHS-electric rolling,
it is expedient to express the speed of the container
corresponding to the speed of synthesis by the
technological setting parameter of the mill, namely,
the number of revolutions of the rolls.

From Fig.:

Vyon = DN, COSr /60 (3)

rol " 'rol
Ny =30v,, / ﬂ(RrO, —Ah/ 2), 4)

where: n, isthe number of revolutions of the rolls,
rpm; D ,,R

w1 Ry — clay diameter and radius, mm; Ah
— absolute reduction, mm; o — capture angle, deg.

Taking into account (1) and (4), we obtain

Nt =9,08PVy / P (1—€)(R—AN72).  (5)

Thus, depending on the condition of speed
synchronization, one should choose the number of
revolutions of the rolls according to the image (5).

The experimental part is presented with specific
examples. Amorphous brown boron powder with a
dispersion of not more than 5pm and titanium pow-
der with a dispersion of 45um, in a ratio of Ti— 75%,
B — 25% (stoichiometric composition) are mechani-
cally mixed for 8-10 hours. Then, the resulting
mixture is subjected to cold briquetting in a mold
with a section of 70 x 70mm by pressing P=200kH
(average specific pressure p=408kg/cm?) to a
density p,=2.0g/cm® (specific density 38.5%).
The briquettes are placed in a container 24x210x
350mm? in size, and then a high-density current
(1~0.7A/mm?, U~12V) is applied to the sample
through the rolls in the deformation zone under its
influence. The synthesis process is initiated and
heat losses are compensated throughout the
process. SHS-electric rolling takes place in a box
caliber of rolls, 220mm wide, with four different
relative deformations of 50-55-60-65% for indivi-
dual samples. In addition, the speed of the synthesis
front in a given Ti-B briquette is v, =20mm/s.

Rolling is obtained: ¢=50-55-60-65% at strain
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values — pma=4.69-4.82-4.95-5.07 g/cm?® (corres-
ponding porosity ~9.8-7.3-4.8-2.5%) density,
rolled TiBos dimensions: 1 — 12x220x350mm?;
2 — 10.8x220x350mm3; 3 — 9.6x220x350mm?;
4 — 8.4x220x374.5mm?. For cases 1-2-3, there
was no increase in length, and for case 4 it is
24.5mm. Thus, for the first three cases, with a low
density of the briquette (po=2.0g/cm®), the values
of the degree of deformation of 50-55-60% cannot
provide a high-density non-porous material. For the
4th case (e=65%), with an increase in length
(+24.5mm), the porosity is minimal (IT=2.5%). For
the first three cases, the speed of the container

movement corresponds to the speed of synthesis
and is equal to v, =20mm/s, and in the fourth case

Voo =21.4mm/s (the number of revolutions of the
rolls corresponding to this speed n,,=1.67

rev/min).

In the second case, the powder of the same
composition in the same mold is briquetted by
pressing P=10000kH (average specific pressure
p=2041kg/cm?) to a density of po=2.6g/cm? (rel.
density 50%). The briquettes are placed in a
24x210x350mm? container. SHS-electric rolling
takes place in a 220mm wide caliper with four
different relative strain ratios of 50-55-60-65% for
individual samples. In addition, the speed of the
self-propagating high-temperature synthesis front
in a given Ti-B briquette is v, =16 mm/s. Rolling
yields: €=50-55-60-65% at reduction values —
p1=4.77-4.87-4.97-5.07g/cm? (corresponding po-
rosity 8.3-6.4-4, 6-2.5%) density of rolled TiBos
plates with dimensions: 1 — 12x220x363mm3; 2 —
10.8x220x394mm?; 3 — 9.6x220x435mm?; 4 —
8.4x220x488mm?3. Accordingly, the increase in
length is 13-44-85-138mm. Thus, for all four
cases, with a high density of the briquette
(po=2.6g/cm®) and values of the degree of
deformation & = 50-55-60-65%, the length of the
rolled material increases, which requires a change
in the speed of the container. The increase in the
speed of the container with the speed of synthesis
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Table. Change in the speed of movement of the container depending on the charge density and the degree of
deformation during SHS-electric rolling of the TiBos material

po |y | e | venmms |oaw | e TS g | e TR,
glem® ’ glem® | shs=16mm/s) |  mm/s mmis) mm/s mmis) mm/s
2.0 50 4.69 13.0 -3.0 14.6 -3.6 16.3 -3.7
2.0 55 4.82 14.0 -2.0 15.8 -2.2 17.5 -25
2.0 60 4.95 15.4 -0.6 17.3 -0.7 19.3 -0.7
2.0 65 5.07 17.1 11 19.2 1.2 21.4 14
2.2 50 4,72 14.2 -1.8 16.0 -2.0 17.8 -2.2
2.2 55 4.84 15.4 -0.6 17.3 -0.7 19.3 -0.7
2.2 60 4.96 16.9 0.9 19.0 1.0 21.1 11
2.2 65 5.07 18.8 2.8 21.2 3.2 23.5 35
2.4 50 4,74 15.4 -0.6 17.3 -0.7 19.3 -0.7
2.4 55 4.86 16.7 0.7 18.8 0.2 20.9 0.9
2.4 60 4.97 18.4 2.4 20.7 2.7 23.0 3.0
2.4 65 5.07 20.6 4.6 23.2 5.2 25.8 5.8
2.6 50 4,77 16.6 0.4 18.7 0.7 20.8 0.8
2.6 55 4.87 18.0 2.0 20.3 2.3 22.5 2.5
2.6 60 4.97 19.9 3.9 22.4 4.4 24.9 4.9
2.6 65 5.07 22.3 6.3 25.1 7.1 27.9 7.9

was v, = 0.6-2.0-3.9-6.3mm/s. The results are

shown in Table. Based on the data given in the
examples, the container movement speeds were
experimentally and theoretically determined at
various values of the increased density of the
charge, relative deformation and synthesis, the
values of which are given in Table. Whence it can
be seen that with a relative deformation of 50-60%
and the initial density of the material po=2.0/cm?;
£=50-55% - po=2.2g/cm® and =50% po=2.4glcm?
the container displacement rate coincides with the
synthesis rate. This is explained by the fact that in
the deformation zone the supplied mass is virtually
smaller than the mass to be compacted. There is not
enough mass, therefore the actual density of rolled
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products is lower than the density indicated in
Table, and the material is highly porous (IT=5-
10%). Therefore, it is not recommended to use such
modes. The higher the relative deformation (60-
65%) and the higher the initial density of the
material (2.4-2.6g/cm?®), the lower the porosity, the
higher the density of the rolled material and,
accordingly, the higher the difference in the speed
of the container and synthesis (in our case, when
rolling TiBos o, = 5.07 g/cm?, I1=2-2.5%, £=65%,
Av=6.3-7.9mm/s). In the case when the lengths of
the product and material are equal, the speeds of
movement of the container and synthesis are the
same.



Investigation of Speed Regimes in SHS-Electric Rolling... 39

99D rIH305

Ti-B LobGgdob gvdgbg 0-9e9dGHOMYobzols
BJo®mUbmeo M9908900L 33¢g39

%b. 99¢53300°, ®. 6530hg083000", B. SlEsdsBIdz30¢0",
9. 390653300", x. 35ALsbMEOs”

* bbod 9600bsb 093500 99Bseroy®aools s sboerscmdpm@bymdol obbdod«do, 0doemolo,
bsgstorzgerm

(§om8magb00s 93509300 §9360L M. Bo@®0s830¢ 0l o)

6596Hmdbo gsbbognmmos Lobmgbol gHmbGOLs @y 3BTosbo 3MbEgobgMol gsssyomgdols
LoBdstgos 960d369¢mmdgdol msbbggo®ol, s6¢ LobomgBol BOGMbEGHOL 3g3gmol, ©ggRMmMmAsEo0l
306006 obslfom sagbowo dsbdowom ©sImMYPROL 3oHmdIdo mdl-gemgddHmymobzoon
303030 3505M0EJOOL 9HMZ39MHMZsbo LEAHMIEHWGBOL ommMbIgMIB0Z Mo Gongdol dolsmgdsw
5 bsBggbgdos 53 306HMdYdOL EIIMM3930 35GMsdgEMYdo — 3sBAol od3ZMOZ30LS S BIOEOMOOMO
©IBMOISE00L 33Eomgds. bsBg9bgd0s, GMA Fomimbsbgzoom dofimogdmer s 3Mma3sgd@omgdmen
3sbsms Ibgsmds (FoMdo Bobs) 99EY0MEYds Bogangdo fobssmdgamdol, dgdse gmMosbo
m3sbs mpbgdolisggh. 89gas® 0BMEIds LobmybOMgdMmo BsdBsEol LogMdg EIRMGASEO0L
3060l dglgerols 3390006, Moz sMGM393L fzolb BOGMBEHOL ©gBmMAsgool 3gMsdyg dsbdogrols
3900303000 306HMdL. sdodmd LsFomms bsdBool LoBJsmol olgo 360d3bgemdsdy sbMS,
™3 35BOEoo 6s3Bsol Lobmgbomgdmo Asls EIBMGTSE00L JgMsl dmdogso dogfimomls
9600335600356 dEb@ 3esliGozme dyMmdsMgmdsdo. bsdmmddo dmyzsbowos gwobgol LoBdsmol
3956LsBmzMOL dgmm©ozs ©s TiBs Lobmybomgdmmo 3sBdol gegd@Hmamobzolsl 3mb@go-
6960 25055030 gdolL LoBds®ol bsbMoo JsBdol od3zMOZ30Ls s BSMHEMBOMO EIBMOIFO0L

33ogdoLsl.

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 4, 2023



40 Zaqaria Melashvili, Teimuraz Namicheishvili, Zurab Aslamazashvili...

REFERENCES

1. Namicheishvili T., Tutberidze A., Melashvili Z., Tavadze G., Aslamazashvili Z., Oniashvili G., Zakharov G.
(2016) Method for obtaining inorganic product from powder exothermic chasm, Sagpatenti. Patent P 6541.
LEPL Ferdinand Tavadze Metallurgy and Materials Science Institute. Thilisi

2. Melashvili Z., Namicheishvili T., Tutberidze A., Aslamazashvili Z., Chikhradze M., Zakharov G. (2021)
Modelling of fluidity during hot compaction of Ti-B system synthesized mass. IOP Conf. Series: Earth and
Environmental Science 906, 012009. IOP Publishing doi:10.1088/1755-1315/906/1/012009. Prague.

3. Melashvili Z., Tutberidze A., Namicheishvili T., Aslamazashvili Z., Papava K., Parunashvili G., Basilaia G.
(2020) Investigation of the fluidity of the synthesized charge in the deformation site on SHS-electrical rolling.
Bull. Georg. Natl. Acad. Sci., 14(4):34-39.

4. Melashvili Z., Namicheishvili T., Aslamazashvili Z., Parunashvili G., Chikhradze M., Basilaia G. (2022) Study
of the mass flow by modeling the flow of the synthesized material in the deformation center during SHS-
electrical rolling of special purpose metal-ceramic materials and relevant adjustment of the synthesis and rolling
speeds. LEPL-David Agmashenebeli National Defence Academy of Georgia. Collection of the Papers of the
Scientific Practical Conference, 18-25. ISSN 2587-4837. Gori.

5. Namicheishvili T., Oniashvili G., Tavadze G., Melashvili Z., Tutberidze A., Aslamazashvili Z. (2017) Selection
of compositions in Ti-Cr-C-Steel, Ti-B, Ti-B-Me systems and establishing synthesis parameters for obtaining
product by “SHS-electrical rolling. IOP Conf. Series: Earth and Environmental Science 95 (2017) 042036 doi
:10.1088/1755- 1315/95/4/042036. Prague.

6. Namicheishvili T., Tutberidze A., Tavadze G., Melashvili Z., Aslamazashvili Z., Zakharov G. (2018) Innovative
technology of receiving protective plates from metal-ceramic composite materials. Book of Abstracts, of the 3rd
International Conference, Inorganic Materials Science Modern Technologies and Methods, 75-80. ISBN 978-
9941-8-0534-9. Thilisi.

7. Melashvili Z., Namicheishvili T., Aslamazashvili Z., Parunashvili G., Zakharov G., Chikhradze M., Papava K.
(2021) Research and development of manufacturing technology for ceramic-metal plates of high ballistic
efficiency. LEPL-David Agmashenebeli National Defence Academy of Georgia. Collection of the Papers of the
Scientific Practical Conference, 61-68. ISSN 2720-8184. Gori.

8. Melashvili Z., Namicheishvili T., Tavadze G., Tutberidze A., Parunashvili G., Aslamazashvili Z., Gamsakhurdia
J. (2021) Researching of SHS electrical-rolling process of metal-ceramic materials on base of Ti-B System. IMS
2021.4th International Conference, Modern Technologies and Methods of Inorganic Materials Science, 105-
110. ISBN 978-9941-8-3594-0. Thilisi.

9. Oniashvili G., Aslamazashvili Z., Namicheishvili T., Tavadze G., Melashvili Z., Tutberidze A., Zakharov G.
(2018) Study of synthesis and compaction parameters in Ti-Cr-C-Me, Ti-B, Ti-B-Me Systems for the production
of materials by SHS-electric rolling. Book of Abstracts, of the 3rd International Conference, Inorganic Materials
Science Modern Technologies and Methods, 7-10. ISBN 978-9941-8-0534-9. Thilisi.

Received September, 2023

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 4, 2023



	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	_Hlk139459366

