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Abstract. The theoretical and experimental studies of tteegss of gas-abrasive wear of the
lining of a vortex-acoustic disperser made it polssto establish the conditions and patterns of
their occurrence and also to develop proposalgfaeduction.

1. Introduction

The prossesses and technology of grinding matettistsighout development were and remain the
object of close attention of many scientists andciists. Their theoretical and applied work is
directed towards the further development of griederhich make it possible to produce a floured
product of the necessary granulometric compositiod dispersion. Choice of a grinding unit most
often depends on technological and energy indisdatat meet the requirements of the customer.

At present, the most promising method of ultrafgneding is the method of high-speed grinding
of materials in jet mills using steam or gas agmaergy carrier. The use of high speeds, up to akver
hundred meters per second in so-called annulamiét makes it possible to increase not only the
dispersion of the product obtained, but also trexigiec productivity of the grind and its efficiencin
addition, it becomes possible to use the advantaigegh-speed selective grinding of polycomponent
mixtures to produce products with specified prdpert

At the present stage of the development of high-technologies, the following has particular
relevance: obtaining highly dispersed compositetumes with controlled physicochemical properties;
production of a wide range of dry mixes for variopsrposes; active development of modern
technologies for deep enrichment of metal-bearirgs, etc.

With all the advantages of vortex mills, which anelely used for fine grinding of materials, they
also have a number of disadvantages: relativelf Isigecific energy consumption, relatively low
specific productivity and increased contaminatignfdreign inclusions with a decrease in a particle
size (less than 10m)

[1-4].

2. Materialsand methods

The investigations were carried out on an experiaieetup [1]. As an energy carrier, compressed air
was used with a pressure of up to 0.4-0.6 MPatatmperature of 20 ° C. The source of the energy
carrier was a compressor of the PKS type with aciapof 5 ni/ min.
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3. Thestudy of the structure of the modified |ead-tin-base br onze
Let the last disadvantage be discribed. A theaksiolution of the problem of calculating the ambun
of gas-abrasive wear despite a large number ofestun this field has not yet been obtained sihee t
process of gas-abrasive wear depends on a largeenwhfactors. Determining the numerical values
of reliability indicators of equipment in industrizonditions is associated with a long test duratio

The wear amount of the working surface is deterthimgthe number and size of particles removed
from this surface and is a random value. The amofintear during the time interval (0, t) was
defined as the integral function of the wear raie [

n(®) = J; 50,
whereg (1) is rate of wear, as a random process, sudtttfig> 0, i.e. the wear process is irreversible
and monotonous.

The speed of particles which is one of the comptmehtechnological medium in jet mills has the
greatest impact on the rate of gas-abrasive weaggfegate elements. Therefore, the study of the
effect of this factor on the value of reliabilitydicators of structural materials was the most
interesting.

Let us assume that two solid bodies (the partictethe surface of the chamber) are in contact with
each other along the line [6-10]. The area of adritathis case is a narrow strip of width (Fig. 1).

The distribution of pressure between the compressmties at their points of contact will be

calculated as:
P,(x)=const] 1—X—22, (1)
a

where x is coordinate along the width of the contact lige~ the contact line. The constant is
determined from the condition that the integralrabe area of contanz(X)dx is equal to force with

which the bodies are squeezed. Then:

=2 - @

For touching the bodies which are surfaces of ¢oersd order, the area of contact and deformation
of bodies is determined by the formulas:

a=P | d¢ , ®3)
K 0(a2+{L/ia2+{iiE2+{E
S S S (4)
K s \la? + &) 7+ €)e
where K — effective Young's modulus:
1_3(1-0° +1—a’2 (5)
K 4 E E /)

E,E' — Young's modulug;,¢g' — Poisson's ratios.

Equation (3) determines the semiaxis of the cordaea for a given force (the value known for
these bodies). After this, using relation (4), taktionship between the force and the resultindybo
convergence is determined.



MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 042077 doi:10.1088/1757-899X/327/4/042077

Figure 1. A scheme of interaction of a particle with a plane

Substituting (2) into (3) and performing the in&ipn, one obtains:
I (6)
A= :

Since the radius of curvature of the chamber isktputhe radius of chambrer and the radius of
curvature of the line is equal to infinity, then:
acl (7)
2R

_ [16PR (8
a= ﬁ

Convergence is expressed with forgeby the relation:

Then the contact line is:

He P%( 1 )y )
K’R
Displacements, ,u, under the influence of normal forgefk) are determined by expressions:
— g2 !
0 _1-o J-Pz(x)dx,, (20)
TE r
—_ 2 !
0 _1 0" IF>Z(x) . (11)
TE r

wherer =x2+22 .

In the case when foreeis concentrated:

T
ql\)
o

(12)

u, = —.

In expressions (10), (11), the integrals are étlipthe analytic solution is represented as a stim o
incomplete elliptic integrals of the first and seddind.
Stresseg, arising in the material are determined by straia tanso;, :

1 13
g, =Ky, 9, +2}’{uik _éb-ikullj’ (13)

where K, — all-round compression modulg,— shear modulus. In this case, only normal sggss
not zero.
(14)

Uy =

Z

o o o
o o o
¥ co o
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4 15
0-33 = [Kl +?ﬂju33' ( )

Let us consider the plane problem of the collistdra rectangular particle with a surface. The
velocity vector of the particle is directed at argle to the surface. Let us suppose that the mutual
displacements of the particle and the plane, abagethe forces at the contact, are connected doy th
static equations for the case of plastic contact.

The motion of a particle will be described by ateys of equations:
¥ =-Q, (16)
nye =-P+G, (17)
I $= Qgsina - chosa, (18)
where q is friction force,p is the force of normal pressure. Since the motiba rigidly clamped
body is considered, theg - the path traveled by the particle when slidingnagl the surface of the

body - the depth of the indentation. Forces arerdghed according to:
P=ahp=ah3o,, (19)
Q= P =3ahfo,. (20)
where t coefficient of friction,h - penetration depthy, - yield strength of the material.
Because of the transience of the impact, despitdatige values of the acquired angular velocitg, th
angle of rotation of the particle will be small.@rhthe system of equations is written in the form:

_ _3ahfoy,. (21)

=
y :—Laha:r (22)

C m .
E(f sina - cosa)3aha; (23)

p=2
ICZ
The problem is solved with the following boundaonditions:

%:(0)=0.% (0) =V, cosa, (24)
y.(0)=0,y.(0) =V, sina, (25)

#(0)=0,¢(0)=0.
The solution of the problem was obtained numerjdayl the Runge-Kutta method of th8 érder.
Formulas (10), (11), (15) make it possible to ci@mithe deformation of the chamber and the
normal contact stress arising on the surface ofitiiveg of the vortex-acoustic dispersant. Numdrica
calculations have shown that for foreeszkN, 4 =145000*M, h=319107%, the deformation of the

particle is 2.75 * 10-5 m, and the deformationtef thamber is 4.42 * 10-6 m.

During the experimental-industrial testing of thertex-acoustic dispersant, investigations were
carried out to identify the traces of abrasive wafahe lining of the vortex-acoustic dispersendiing
chamber. Visual inspection for wear was carried daity (after grinding 100 kg of material). The
inner surface of the grinding chamber was grousling), there are no traces of the formation of gas
wear wear of the metal.

Fig. 2 shows the lining of the chamber for grindangortex-acoustic dispersant with traces of gas-
abrasive wear.

After carrying out the whole series of experimefaisout 800 kg), wear of lining elements was
indicated. The inner surface of the ring underwtrgt greatest deterioration, which immediately
follows the nozzle that feeds the energy carriar.tlls site, along with the general wear along the
width of the grinding chamber with a depth of ab@iE mm, there is a narrow local wear in the upper
part of the grinding chamber of a width and degdtatmout 3-4 mm in the form of a shell formed by
abrasive wear with a two-component mixture direclesin the supply nozzle . As the nozzle is
removed from the feed nozzle, the wear on the wadtlthe chamber decreases and the surface is
almost not worn out before the outlet. There is algpronounced wear on the surface of the resanator
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lying on the path of material and air passing @xie exit surfaces) wear, which also decreases with
distance from the supply hole.

| Become
| reduced

S i

Figure 2. Lining of grinding chamber of vortex-acoustic disgant: a - scheme of gas-abrasive wear
lining; b - photo of lining

One of the criteria for the economic efficiencyusfing a vortex-acoustic disperser is the cost of
repair and maintenance. The authors carried odtestdo determine the specific wear of the grinding
chamber.

The average specific wear of working elements carrdpresented by the following functional
dependence:

Ioy = f(v,Q, 04, Op, dav)

The working time of the working element before ligplacement can be determined from the
equation:
t = ns * ch
Qy roos * Iy
wheren;, is a coefficient of stock for wear in the casdulf production,ns = 0.38; Ggc is the mass of
the lining of the grinding chamber, kg.

4. Conclusion

Thus, based on the theoretical and experimentdiesticarried out, the authors established the psoce
of gaseous wear of the vortex-acoustic dispersepmihg chamber and proposed a dependence of the
specific wear of the lining surface on the reducgidpersant productivity. The performed
investigations make it possible to increase thieieficy of the process of grinding materials intear
acoustic dispersants and their operational reitgbil
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