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Abstract. This article describes the analytical method afasuring the secondary power
consumption, necessitated by the installation gfaaling device in the peripheral part of the
grinding chamber in the desintegrator. There isaleutation model for defining the power
input of the disintegrator increased by the extvavgr demand, required to rotate the grading
device and to grind the material in the area betwibe external row of hammers and the
grading device.

The work has determined the inertia moments of ladnjcal section of the grading device
with armour plates. The processing capacity ofgitaeling device is adjusted to the conveying
capacity of the auger feeder. The grading deviables one to increase the concentration of
particles in the peripheral part of the grindinguetiber and the amount of interaction between
particles and armour plates as well as the numbeoltiding particles. The perforated sections
provide the output of the ground material with giteper size granules, which together with
the effects of armour plates, improves the efficienf grinding. The power demand to rotate
the grading device does not exceed the admiss#bley

1. Introduction

One of the disadvantages of desintegrators is topact of particles collision and no grading in the
peripheral part of the grinding chamber [1]. Thiawback is caused by the fact that the first irdern
row of hammers decreases the processing capacityeofrinding chamber. As the material moves
from the centre to the periphery in the grindingrober, its volume increases while the particles
concentration declines. Low concentration of petideads to the lower collision of particles adlwe
as lower interaction between particles and hamnfaees. This results in low efficiency of the
desintegrator and poor quality of the ground matefiherefore the authors have developed a new
structure of the desintegrator that includes haudin discharge sleeve 2, hammers 3 and grading
device rotating in the direction opposite to exéémow of hammers 4 (Fig. 1) [2].

Grading device 4 enables one to raise the condiemtraf particles in the peripheral part of the
grinding chamber, and classifies particles befarguiting them via discharge sleeve 2. Bigger size
granules continue to move along the internal wayKarce of the grading device and are ground until
they pass through one of perforated sections 6.
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Figure 1. Desintegrator 1 -housing 2 — discharge sleeve; 3 — hammers; drading device; 5 —
armour plates; 6 perforated sectic.

The installation of gradindevice 4, containing tapered armour plates 5 padoliated sections 6,
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in the grinding chamber of the desintegrator rezpiincreasing power intake which is necessary to
rotate grading device 4 with armour plates 5 antopated sections 6 as well as to provide additiona
grinding and grading of the material. Thus theaarglue of power is the sum of the summands [3]:

P=P+PR, (2)

where P1 — power demand for additional grindinghef material in the zone between the external
row of hammers 3 and grading device 4;

P2 — power demand for rotation of grading devic@He particles of the material moving in the
area between the external row of hammers 3 andngyakgvice 4 experience the intensive impact of
transverse strain from the fast moving layer ofngtas near the external row of hammers 3 and
contrarotating grading device 4. This has to reisufiartial destruction of granules due to the affe
of tensile stress while passing the action zorgrading device 4.

The main part. It is logical to assume that in\‘egimode the mass of the material input from the
external row of hammers 3, entering the action zmingrading device 4, is equal to the mass of the
ground material output from grading device 4.

For one complete turn «T», the zone of additiomadding and grading produces the volume of the
output ground material “Qy ”, equal to:

-SSR -R) )

Q, T

where SO — the overall area of the perforationshofesections 6 in the cylinder surface of the grgd
device 4;

Rb — the outside radius of the cylinder surfacgrafling device 4;

R2 — the swing of the external row of hammers 3.

Taking into account the fact that the time of a ptate turn and the rotor frequenay»correlate:

_2n

T : 3
w
then equation (3) looks like this:
_S$ R -R)& y
Q, s (4)

To match the functioning of the auger feeder (aiven in Fig. 1) and the conveying capacity of
installed grading device 4, it is necessary to iobttae equality of expression (4) and the capaaity
the auger feeder, equal to [4]:

2
Q =y dﬂ—; o, ©®)
where y — the volume efficiency of the cross-section arkethe auger feeder;

Dom — the optimum diameter of the auger feeder;
h — the step size of the auger feeder.

SR -R)W_, 71D} o (6)
2ln 4

Resulting relation (6) can be considered as thatémuin an unknown value. The solution of (6) in
relation leads to:

2
s, =7 2=l @
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To determine the transverse strain in the areadditianal grinding, it is necessary to use the
results of [5,6]:

[9
o=£". ®

where 1 — the pseudo viscous disintegration factor, etquab18 cPs;

& — the rotary velocity of material particles nda& surface of grading device 4;

A — the size of the opening between the radiubetkternal row of hammers 3 and the surface of
grading device 4.
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Figure 2. a) the layout of armour plates 5 in grading deviad the desintegrator; b) the calculation of

the kinematic characteristics of the armour plate)3he calculation of geometrical parametershef t
highlighted section of armour plate 5

Solving equation (8) in relation with points 1 aéhdh Fig.2 b, as a result:

Jmin = IuA[ﬁ’ (9)
O = Z[ﬂk , (10)

whered,, — the initial rotary velocity of particles neaetburface of grading device 4;
J, — the finite rotary velocity of particles near th&face of grading device 4,

A

max — the maximum size of the opening between theusadf the external row of hammers 3
and the surface of grading device 4;

Amin — the minimal size of the opening between theusadf the external row of hammers 3 and
the surface of grading device 4.

The power demand, required for additional grindmthe action zone of grading device 4, is equal
to:

P =AElc, (11)

where AE — the changing kinetic energy of the particlesvflon the action zone of four armour
plates 5 of grading device 4.

AE = 4[AE,, (12)

where A, — the changing kinetic energy of the particlesvflin the action zone of one armour
plate 5 of grading device 4;

AE = g(vf - 92), (13)

where «m» — the mass of particles in the actiore rarmour plate 5 of grading device 4 within
one complete turn of the rotor;
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m=Q, [p[T, (14)

where g, — the volume of the material in the opening betwde external row of hammers 3 and

the internal surface of the grading device 4;
O —the density of particles.

Substituting (4) and (3) makes expression (3) laekollows:

m=§@m§nﬂhm (15)
Taking into account the results of (9), (10) ang)(formula (13) turns into:
AE]. = %w; Eh DO D[% (O—riaxAzmin - Jr%linAzmax)' (16)

whereo ., —the maximum transverse strain,

0., — the minimum transverse strain.
Substituting (16) and (12) in (11) eventually résimh:

(17)

R =L 0}, p ot i, =t

Therefore, resulting expression (17) determinegptheer demand, necessary to grind the material
in the action zone of armour plates 5 of gradingae4.

For defining the power, which is required to rotgtading device 4 with armour plates 5 (Fig. 2), it
is necessary to consider the geometry of armote plashown in Fig. 2b. The coordinate system is as
given in Fig. 2b. Thus armour plate 5 consistsoof felements with the same angular dimension (Fig.
2c). Using the calculation, presented in Fig.2b,dbthors determine the coordinates of points ftom
to 8, taking into account the fact that the radiatance from the rotational centre of rotors tn{®03,

5, 7 increases by the same distance mm. The peithseven numbers 2, 4, 6, 8 have the same
distance from the axis of rotation. It follows frahre above said that in the two-dimensional catesi

reference system «xoy» (Fig. 2b), the coordinatéiseopoints under study can be presented as:

Xons = (R, + B [n)cod(n-1)1Ag); (18)
Yons = (R, +AM)sin((n-1)ag),
Xo0 = R, [codn1Ag); (19)

y2n = Rb Bin(n m¢)’

where the index «n» can become n=1,2,3,4.
Connection of points pairs (1,2); (3,4); (5,6)8)7/represents direct lines with the equations ithat
the two-dimensional cartesian reference system»x«xath the angular coefficient can look like:

y, =K X, +b,. (20)
In polar coordinate systemyJ), the reference to the cartesian system is redligeugh:
X =T COSY,
{y =r sin));. 1)
Using (21), the equation of direct lines (20) ie pholar coordinate system looks:
r,sin y = K, [F, [€os y +b,. (22)

Allowing (22) in relation with the value «rn»:
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S S @3)
siny - K, [tosy

To obtain the coefficients «Kn»,«bn», it is necegsa apply (18) and (19).
Using (18) in relation with (20) results in thel@ling:

(R, +ANn)sin((n-1)a¢) = K, (R, + Aln)lcod(h-1)[Ag)+b,. (24)
In its turn, applying (19) to (20) leads to thddeling:

R,sin(n[Ag)=K, [R,cos(n[Ag)+b,. (25)

Resulting relations (24) and (25) represent théesyof two linear equations in the unknowr «

», « q »,

The solution of this equations’ system resultdmfollowing expressions:

K =R (sin(nfAg) - (R, +nlA)isin(n-1)1a¢) (26)
" R, GognAg)-(R, +nid)Gog(n-1)iAg)’
R, [(R, + n[A)Isin(Ag) (27)

" "R, eodn 1bg)- (R, + nia) teod(n-1) iag)

Power demand & », which is required to rotate grading device thveirmour plates 5, installed
in the desintegrator, is defined as:
P, = B Lo, (28)

whereEg,_, — the kinetic energy of grading device 4 as alted its rotation which is equal to [7]:

2
E, :;"T (29)
where M ,— the moment of impulse of grading device 4 witimaur plates 5;
lo _ the moment of inertia of grading device 4 witmaur plates 5.
The moment of impulse can be found using the falgvexpression [8, 9]:
M, =M, IR, (30)

Where'vIy — the mass of installed grading device 4 with ampates 5.

According to the calculation in Figm2the moment of inertia of installed grading devicevith
armour plates 5 can be defined with the help of:

[, =4l,, +4l (31)

Y

where | . —the moment of inertia of one cylinder sectionnstalled grading device 4 with armour
plates 5;
| .., — the moment of inertia of the section of armdate5 equal to:

Ia. p. = Zi:ll n? (32)

where |, —the moment of inertia of the «n» section eleno¢@rmour plate 5, which can be found
from the following expression [10]:
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= pmj; dzI;”+A¢ [ L :% r3dr)d)(, (33)

where P _ the density of the material which is used to enaistalled grading device 4 with
armour plates 5:

¢, =(n-1)mg. (34)

Upon integration of (33) in relation with the vaias «z» and «r», expression (33) acquires the
following look:

(35)

o R dx 4
| == o) — > —-R' A\
"4 EE "Ln (siny-K, @osx)" R 4

In its turn, the moment of inertia of one perfodatylinder section 6 of grading device 4 is equal
to:

=m_ (R, (36)

wherem_ — the mass of one perforated cylinder section grafling device 4, which is determined
as:

m=p,f, o, & v (37)

whereAR - the thickness of the cylinder surface of insthgrading device 4.
The evaluation of the integral in formula (37) é&sin:

m=20,00R - -4 ). (38)

Due to the fact that the thickness of the cylingerface of installed grading device 4 is small,
formula (38) can be presented as:

m D’ZT o, (IR R (39)
Substituting (32), (36) with the account of (359 & formula (31) leads to the following:
= 4 4 "’”Md—)(_ 4 3 (40)
o =Pm l]){ ”l(b” J.¢n (sinx - K, cosy)* R I]k¢] # TR BR:
Substituting (30) and (40) into (28) eventuallyulesin:
M 2[R (27 (41)
a> we  dy A '
mem{z % (siny-K,cosy)" A¢]+ R, }
Substituting the resulting (17) and (41) into (fi@kles one to obtain the following expression:
7721// 2 2
I:ID I:h Il’ ma min _UmlnAmax
2hor )+ 42)

+ R
. b: Y] d)( BR
A (B I SE— I
pm { n{ R [Ln (sin x - K, cosx)’ ¢J ' R }

Therefore, analytical method (42) enables one kcutste power input which is required to rotate
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grading device 4 with armour plates 5 and perfaragections 6, as well as power demand for
additional grinding and classifying the materiaheTpower intake depends mostly on the geometrical
parameters of the grinding chamber of the desiategr

2. Conclusion

Applying mathematical transformations, the authwase obtained the analytical model, enabling one
to determine the additional power demand, causethéyinstallation of the grading device in the
peripheral part of the grinding chamber in the nlegjrator. The grading device improves the quality
of the ground material via combining grinding amdding in the peripheral part. When calculating the
power intake of the disintegrator, one takes irttwoant the fact that extra power demand is necgssar
to rotate the grading device and to grind the #mitd material in the area between the externalabw
hammers and the grading device.

3. Summary
The resulting mathematical equations enable oneelate structural, technological and energy
parameters of the desintegrator to the gradingcdevi

When introducing a small amount of the aluminiundexpowder, the distance between the axes of
the second-order dendrites and the average gmgrreiluces. This implies that a considerable gart o
the powder particles is effective crystallizatimntres. When increasing the nanopowder content, the
structure starts coarsening relatively that, whieks obtained using low powder concentrations.
Introduction of the large quantity of the modifleads to its coagulation and reduction of its ieflae
on the structure.
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