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ABSTRACT. The aim of this work is to present a study of productivity of centrifugal impact vibrating mill. Using theory of similarity and theory of experiment criteria of
similarity and criterion equation are derived. Experimental plan is made and the results are statistically assessed. Criterion equation is adequate.
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U3CNEQBAHUA BBPXY NPOU3BOAUTENHOCTTA HA LIEHTPOBEXXHA YOAPHO-BUBEPALINOHHA MENMHULIA

PE3IOME. LienTa Ha Tasu paGoTa e fja ce NpeacTaBaT pesyntatuTe OT U3CNeABaHETO Ha MPOM3BOAMTENHOCTTA Ha LIEHTPOBEXHA YAAPHO-BUBPALMOHHA MEMHULA.
/3BeaeHn ca KpUTEpUM W KpUTEpManHW YpaBHEHUs KaTo Ce W3ronsBa TeopusTa Ha nogobMeTo U nnaHMpaHeTo Ha excriepumeHTuTe. CbCTaBeH € MnaH Ha
eKCTIepUMEHTa B KPUTEPUM W Ca [adeHW Pesynratute OT CTAaTUCTUYECKMs aHanua Ha pesynTatute. [lonyyeHO e afeKBaTHO KPUTEPWAarHO ypaBHeHMe 3a

npomasonmenHocna Ha MeﬂHMana.
Introduction

The quality, productivity and energy consumption of CIVM
(Assenov,1977) were studied in (Assenov, 2003) and
(Assenov, 2003). The ruling factors were: Gm -the weight of
material to be grinded, Gt- the weight of the grinding balls, w-
angular velocity of rotated cone and t- the time of grinding.
Statistical equations were derived based on nature
experiments in CIVM model.

The aim of this work is to present a study of productivity of
CIVM when simulation and experiment theory are applied.

Theoretical base

The results about CIVM mentioned above are valid only for the
values of interval of variation of ruling factors Gm, Gt, dm, t.
When we have to design series of CIVM with different
productivity we have to transfer those results with out
restriction of values of interval variation. For this purpose both
theory of simulation and theory of experiment were put into
practice.

In the theory of similarity (Venikov, 1979) the base concepts
is “phenomenon” as a complex of processes that are describe
by equation connected process parameters and examined
system parameters. In the CIVM relationship between
productivity and ruling factors are consider. The processes in
the real system and model must be similar.

There are (Venikov, 1979) three theorems and additional
states on the theory of similarity. The first two theorems states
the relationship between similar phenomena parameters and
the third one determines the way to realization of similarity.
Sufficiently condition for existing of similarity of processes is
similarity criterion to be:

Pj=item (1

The most simple case for similarity is proportionality:
P/R=mi (2)

where P; and R; are system and model parameters, m; is
coefficient of similarity. If mj=constant there is a linear
similarity, if m#constant —pseudo similarity.

Estimation of similarity criteria for the CIVM productivity.
The estimation method for similarity criteria of the CIVM
productivity is:
1. Describe the ruling parameters P4, Py ...Pp
2. Make the dimension matrix for those “m” parameters.
3. Chose the K independent parameters.
4. Define the criterion.
5. Make the criterion’ equation.
The ruling parameters of the CIVM productivity are:
Gy~ the weights of gnats sand to be grinder;

G- the weight of the grinding balls;

w- the angular velocity of rotated come;
t- the time for grinding;
dm- the diameter of quarts sand;

P- the productivity;
The dimensions DUSI unites of the parameters are:

[Gml=lkgl: [Gil=kg]; [w=[s™); [tI=[s]; [dm]= [m]; and [P]=[kg.
s7; ()

The dimensions system is:

(Gl = MI". [LI°. [TP°
(G = [M]'".[LP. [T
[w] = [MP.[LP. [T]"
{t] = [MPLP.[T7 ()
[d] = M. LT [T]°
(Pl = [M]". [Lp° 1]

Three independent parameter for instance are:
[Gtl, [dm] and [w]
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The check for independence of these parameters is made by
value of determinant:

10 0
D= 0 1 0 £0 (5)
0 0 -

The criteria of similarity 1 are derives from the system of
exponents ', B, y'.
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[ Jlomlw] ™ M= 3
The mathematical formulation of the problem is:
= f[mo, W3] (7
PIGt.w = f[G/Gy , wt] (8)
The theory of experiment (Bojanov, 1972; Jeff Wu, 2000) are

used to reveal the function f. The experimental results from
(Assenov, 2003) are transformed as follows:

20 1,25 7539,821 7,3278E-05
21 0,75 15079,64 3,0886E-05
22 1,25 15079,64 5,8108E-05
23 0,75 22619,46 2,7023E-05
24 1,25 22619,46 4,0231E-05
25 0,75 5026,547 7,6842E-05
26 1,25 5026,547 0,00010842
27 0,75 7539,821 5,4212E-05
28 1,25 7539,821 7,6262E-05
29 0,75 15079,64 3,6158E-05
30 1,25 15079,64 6,1838E-05
31 0,75 22619,46 2,7885E-05
32 1,25 22619,46 4,1999E-05

The experimental data are processed by the program
Regression of Data-Analysis in Excel.The results of Data
Analysis are shown in table Ne2

Table Ne2
Result of statistic analysis

Regression Statistics

Multiple R 0,752248
R Square 0,565876
Adjusted R

Square 0,535937

Standard Error  2,08E-05
Observations 32

1. The criterion’s i are calculated using equation (6). ANOVA
2. The experimental plan for criteria is made and is shown in of SS MS F Significance F
the table (1). Regression| 2 | 1,63E-08 | 817E-09 | 18900625 | 556E-06
Table NeA Residual | 29 | 1,25E-08 | 4,32E-10
The experimental plan for criteria Total 31| 2.89E-08
Ne M L) Y
1 1 5026.547 5,3184E-05 Coefficients Stzl;ga;rd tStat | P-value [Lower 95%|Upper 95%
2 1,6666667 5026,547 0,0001439 Intercept | 3,02E-05 |1,41E-05] 2,143 | 0,040 | 1,38E-06 | 5,91E-05
3 0,6 5026,547 6,2906E-05 X Var.1 | 575E-05 |1,13E-05| 5,084 |2,007E-05| 344E-05 | 8,06E-05
4 1 5026,547 4,6619E-05 XVar.2 | -2E-09 |5.97E-10] -3,350 | 0,002 |-3,22E-09 | -7,8E-10
5 1 15079,64 0,00010902
6 1,6666667 15079,64 8,4883E-05 Finally the regression equation for productivity in criteria is:
7 0,6 15079,64 2,9086E-05
8 1 15079,64 7 8185E-05 P/Gw =3,02. 10" + 5,75. 10°.G /Gy - 2. 109wt )
9 1 5026,547 5,1725E-05
10 1,6666667 | 5026,547 0,00013661 Conclusions
1" 0,6 5026,547 5,9444E-05
12 1 5026 547 4.8874E-05 1. The similarity’ criteria for CIVM productivity are derived —
' ' equation (6).
12 1’66666167 128;322 3322:3?5232 2. é\g )(l:riteria equation for productivity is obtained — equation
N 4 M) Y 3. Equation (9) will be use for making of serial CIVM with
15 0,6 15079,64 3,1552E-05 similarity process.
16 1 15079,64 8,4949E-05
17 0,75 5026,547 7,2963E-05
18 1,25 5026,547 0,00010047
19 0,75 7539,821 5,461E-05
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