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Abstract

Method for determining mill balls metal deterioration rate in a ball mill KBM 370/850 (Sh-50A) of dust-system
of coal-dust boilers TPP-210A and TPP-312 300MW of thermal power plants is described in the paper. The research
is aimed at the development of the determination method of the mill balls deterioration rate in a ball mill, which
would allow predicting the regulated refill of the ball mill by the mill balls. The research tasks were to anadyze
exigting literature, to develop the calculation method of the mill balls deterioration rate in the mill, to carry out
andytic calculations and obtain analytic relationships of mill balls deterioration rate, and based on this to develop
generalized regularities for any dust-systems of thermal power plants. The rank of coal being grinded in the mill, the
mill operation mode, design features of dust-system and boiler etc. influence the mill balls deterioration rate.
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Introduction

Under present-day conditions of ball mills (BM) operation, the operation modes do not correspond to those
calculated in design and do not meet the operational requirements of thermal power plants dust-systems, when
grinding the fuels not envisaged in the mill design [1]. In this case the fud grinding occurs with considerable
deviationsin BM and dust-system operation.

Continuous BM service without regulated periodica refill of the ball load contributes to intense mill balls
deterioration [2, 3, 5, 8]. To predict the bals deerioration until the minimum permissible ball load, specific
invedigations, aswell as devel opment of the analytic method of the mill balls deterioration rate ca culation are required.

Aim and tasks of theresearch

The research is aimed at the development of the calculation method of the mill balls deterioration rate in BM,
which would allow predicting the regulated refill of the BM by the mill balls.

The following tasks have been set for thisaim
—to analyze existing literature for summarizing materials concerning the research aim.
—to devel op the calculation method of the mill balls deterioration rate in BM.

—to carry out analytic calculations and obtain analytic relationships of mill balls deterioration rate for different
coal ranksto obtain generalized regularities.

Brief technical characteristics of ball mills

Ball mill KBM 370/850 (Sh-50A) is designed for grinding the coal of different ranks for further feeding of
resulting coal dust into the boiler furnace. The mill barrd of internal diameter D, = 3700 mm and length
L, = 8500 mm revolves on its own axis with frequency n, = 17.6 rpm, that isthe main feature of KBM mill.
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Number of millsis chosen depending on design parameters of dust-systems, boilers, auxiliary equipment, as well
asfue rank [3, 4].

Three individual dust-systems are chosen for boiler TPP-210A of 300 MW power-generating unit. The dust-
system is designed for grinding in BM the ASH rank coal with following characterigtics: Q° = 24.3 MJkg,
A°=19%, W =75%, V°'=35% and K = 0.95.

The coal dust with grinding fineness Ry, = 7 % and humidity W° = 0.5+1.0 % should be fed into the furnace.
Nominal output of BM: B = 50 t/h.

Boiler TPP-312 of 300 MW power-generating unit has two individual dust-systems with BM. The dust-system is
designed for grinding the GHSSH rank coal of Donetsk coalfield with following characteristics: Q° = 20.9 MJkg,
A’ =223% W =11%,V°'=40%andK=1.1

Calculated characteristics of the coal dust fed into the boiler furnace are as follows: grinding fineness Ry = 25 %,
humidity W° = 3.0 %. Design nomind dust output of BM B = 76 t/h.

Taking into account the operation and design features of dust-systems with BM being used with different boilers
and for different fuel ranks, it can be concluded that estimation of mill balls deterioration and time of regulated refill
ensuring BM operation efficiency is il very important.

Method for determining mill balls metal deterioration rate
Mill balls deterioration rate in BM characterizes the meta loss of the balls, and, consequently, decrease of the ball
load in BM, per time unit.

The rank of coal being grinded in BM, the BM operation mode, design features of dust-system and boiler etc.
influence the mill balls deterioration rate [3, 5]. Block-diagram of different factors effect on the mill balls metal
deterioration ratein BM isgivenin fig. 1.
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Fig. 1. Block-diagram of different factors effect on mill balls metal deterioration rate
in BM using dust-systems of power-generating units of coal-dust thermd power plants
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In practice of BM operating, average value of mill balls deterioration rate for some period is used. However, the
factors influencing the mill balls deterioration rate are not taken into account. That is why experimental determination
of the average value of the mill balls deterioration rate gives only approximate estimate of actual rate of the mill balls
deterioration, and, consequently, the value of ball load decrease. The mill balls metal deterioration after the BM
operation period T can be determined by the experimental method as follows:

t
DG, = qui dt,

where g, —mill balls deterioration during the period t .

Total decrease of mill balls metal mass after n periods of BM operation:

i=nt

0_0 Y
DG =a Ot -

i=1 ¢
The average value of mill balls metal deterioration rate after n operation periods:
i°=n t\
a g¢G
i=1
Dggf =0,

where DG, —mill balls metal deterioration ini"™ period; 7, —the i period duration.

Aswas mentioned above, the average value of mill balls metal deterioration rate ¢, is determined experimentally
for certain period T of BM operation in sable mode.
The balls deterioration rate changes with the change in the BM operation mode.
New value of mill balls deterioration rate is appropriate to be determined not experimentally but using a method
considering the known value of mill balls deterioration rate and corresponding correction factors, namely:
i°=n t\
a g%

ql(a: = = ;:) kioad kd khumkashkn .

Herein kg — correction factor considering decrease in ball load of the mill barrel. ko is calculated by the
following formula:

o
oad = £2 206 ’

G, g
where G! and G2 — design and actual ball load of BM barrel, respectively.

Correction factor ky considers mill balls diameter decrease after continuous operation of BM. ky is calculated by
the formula:

1
= J/0.9832(i +1)i ’
where i —number of periods corresponding to 5 % value of ball load of BM barrel compared to previous period:

G

| b

i= gG‘TaX
lga

where a — ball load fraction of theinitial ball load of the mill in one certain period which is constant for each period
compared to previous one and is equal a = 0.95.
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Correction factor kym characterizes coa humidity increase over the value envisaged in mill design. knym is
determined by:

0"m
_B 0

S = e s

where W, and W, — design and actual coal humidity, respectively, %; m — exponent characterizing the coal rank.
Thus, when grinding the coal of ASH rank, m= 1, and in case of the coal of GHSSH rank m= 0.65.

Correction factor kyy, Characterizes increase of ash content in the coal over the value envisaged in mill design. Kaen
is calculated by:

Ak

Ens

where A and A} — design and actual ash content in the coal, respectively, %; n — exponent characterizing the ash
content deviation from the value envisaged in mill design.

kash:

Correction coefficient k, considering varying operation modes (transient and garting) i.e. non-gtable or non-
stationary characterizes mill balls metal deterioration due to these modes.

It has been determined based on the operational data that starting mode duration is 0 < 144 < 0.25 hours and
transient mode duration is 0 < t44¢ < 0.6 hours.

Total duration of non-stationary modes 1, iS equal:

ttOt = t start + ttrans 1
and factor k, is calculated by the formula:
kI'I = kstart + ktrans 1
where
K, =1+ 0.25n,,, ’
24- 0.25ng,,
and
ktrans = 1+ O.6n[rans H
24- O'6ntrans

where Ngart and Nyans — NUMber of starts and transient processes.

New value of mill balls deterioration rate ¢ can be calculated by the formula:

ql(a: = ql;exak10ad kd khumkashkstartktrans'

Calculation of the correction factor sand mill balls metal deterioration ratein BM

Calculation of the correction factors and mill balls meta deterioration rate in BM was carried out by the
suggested method using experimental research data obtained in boiler TPP-312 of 300 MW power-generating unit

[6.7].

The main design objectives assumed in calculations of mill balls deterioration rate in mill KBM 370/850
(SH-50A) were as follows:

maximum ball load of themill G — 87t

fuel humidity W° = 7,5 %;

coal dust output B = 50 t/h;

The results of experimental and computational determination of correction factors and mill bals metal
deterioration rate in BM of boilers TPP-312 of 300 MW power-generating unit are given in Table 1.
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Table 1. The results of experimental and computational determination of mill balls metal deterioration rate in BM of dust-system
of boiler TPP-312

Experiment
Name
1 2 3 4
Experimenta determination of balls
deterioration
Fuel combustion heat Qf , MJkg 21.24 22.20 21.81 21.84
Ash content in fuel A°, % 21.3 19.8 20.40 20.35
Ash content in dry fuel A% % 23.6 21.7 22.4 22.4
Fuel humidity WP, % 8.55 8.4 8.85 9.6
Residue on the sieve Ry, % 37.6 37.8 39.0 36.7
Operation period 1, hours 0 245.0 591.0 941.5
Ball load Gy, tons 84.0 80.5 76.0 69.5
Mill balls meta deterioration rate gy, kg/h - 14.3 135 154
Average mill balls metal deterioration rate
qc, kg/h. 14.4
Calculation by the method
Correction factors:

Kioad 1.01 1.02 1.05 1.10
Ky 1.01 1.01 1.04 1.12
Knum 1.00 1.03 1.065 1.10
Kash 1.00 1.00 1.01 1.01
Ketart 1.00 1.00 1.00 1.01
Kirans 1.00 1.01 1.01 1.00

Known balls deterioration rate 2, kg/h 12.75

Balls deterioration rate in the experiments

Gy, kg/h 13.0 13.66 15.13 17.64

Calculated balls deterioration rate o2, kg/h 14.85

Researches were carried out at different ball load and different caloric value of GHSSH rank fudl of Donetsk
coalfield.

Comparative analysis showed that in the investigated ranges of ball load, ash content in the fuel and fuel humidity
the difference between the mil balls deterioration rate values obtained by cal culations by suggested method and those
obtained by the experimental research isingignificant. The mill balls deterioration rate value obtained experimentally
is ;¢ = 14.4 kg/h, and the value obtained by suggested method is q; = 14.85 kg/h.

Conclusions

1. Under present-day conditions of operation of coal-dust boilers with BM, the intense deterioration of dust-
system mechanisms, in particular mill balls, occurs when the fuel not envisaged in mill design is used.

2. Developed method of BM mill balls deterioration rate allows detecting the ball load decrease in the mill when
fuels not envisaged in the mill design are combusted at thermal power plants. It also allows determining total 1osses of
balls metal during interrepair periods, and time of regulated refill of the balls.

3. Based on the calculations and research results, the correction factors values were found to depend on the actual
operation conditions of BM as well on the fuel rank, and considerably increase in case of deviation of BM operation
conditions of dust-systems from design val ues.
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4. The calculations of mill balls deterioration rate in mills KBM 370/850 (SH-50A) when grinding the GHSSH
rank coal of Donetsk coalfield for boilers TPP-312 of 300 MW power-generating unit show that the mill balls

deterioration rateis q; = 14.85 kg/h.

References

[1]  Technical maintenance of power plants and electric grids. Regulations. GKD 34.20.507 — 2003. — Kyiv : OEP “GRIFREE" — 2003. — 611 p.
(in Ukrainian)

[2] Calculationsand design of coal dust preparation systems of bailer plants (regulations). — Lviv : CKTI —VTI, 1971. — 231 p. (in Russian)
[3] Coa dust preparation at thermal power plants/ H. T. Levit. — Moscow : Energoatomizdat, 1991. — 275 p. (in Russian)

[4] Heat engineering tests of boiler plants/ V. |. Trembovlia. — Moscow : Energoatomizdat, 1991. — 245 p. (in Russian)

[5] Preparation and grinding of fuel at power plants/ A. N. Lebedev. — Moscow : Energiya, 1969. — 520 p. (in Russian)

[6] Holyshev L. V. Ball mill output determination when grinding the coal of reduced quality / L. V. Holyshev, J. S. Mysak, T. Yu. Kravets //
Energetikai e ektificatsyya— 2000. — No. 8. — P. 14-15. (in Ukrainian)

[7] Holyshev L. V. Determination of correction factors for specific loss of mill balls when grinding ASH rank coal / L. V. Holyshev,
J. S. Mysak, Yu. M. Mishchenko, T. Yu. Kravets // Energetikai el ektificatsyya — 2005. — No. 10. — P. 6-9. (in Ukrainian)

[8] Holyshev L. V. Definition of indicators of KBM armor wearing when milling ASh grade coal / L. V. Holyshev, J. S. MysaK,
P. Yu. Omelyanovskyy ; ed. P. Omelyanovsk and Y. Mysak // Thermal energy — new challenges. — Lviv : NPF “Ukrainian technologies’
2010. — P. 122-128. (in Ukrainian)

JlocaaizkeHHSI 3HOLIIEHHSI MeTaJly MOJIOJILHUX KyJab MunHiB Tunmy KBM 370/850
(II-50A) mix wac Bukopuctanusi Ha TEC HenmpoeKTHUX BU/IB MaJUB

Crenan Mucak, Tapac Boponuak

Hayionanvnuii ynieepcumem *“ Jlvgiscorka nonimexuixa” , eya. Yemusanosuua, 5, Jlveie, 79013, Vrpaina.

AHoTalisa

OnucaHo METOJI BHW3HAYCHHS TEMITY 3HOIICHHS METaly MOJONBHUX Kb KYJIhOBOTO 0OapaOaHHOrO MIIMHA
370/850 (I1I-50A) mumocucrem munoByrinbHux KoTiiB TIII-210A ta TIIIT-312 300 MBT eHeproGIoKiB TEITOBUX
CIICKTPUYHHX CTaHIIA. METO JOCIiIKEHb € PO3POOJICHHS METOAY BU3HAYCHHS TEMITYy 3HOIICHHS MOJIOJNBHUX KYIIb
mwis KBM, skuii mae 3MOr'y BECTH NPOTHO3YBaHHS PETJIAMEHTHOTO IOMOBHEHHsS OapabaHa MIIMHA MOJIOJBHHMU
KYJIIMHU. 3aJa4ero MOCHIHKEHHS OyJ0 MPOBECTH aHAJI3 ICHYIOYHMX JKEpel, PO3POOUTH METOJ| BH3HAUCHHS TEMITY
3HOIIICHHS MOJIOJABHUX Kyib i1 KBM Ta mpoBecTH aHANIITHYHUI PO3PaXyHOK Ta OTPUMATH aHATITHYHI 3aJI€KHOCTI
TEMITy 3HOIICHHS METally MOJIOJIBHHMX KyJIb 1 Ha OCHOBI I[bOTO PO3POOHMTH y3arajbHCHI 3aJeKHOCTI JUI 1HIIHX
mutocucteM eHepro0sokiB TEC. Ha TeMmu 3HOIICHHS MaJlOJbHUX KYJIb BIUIMBA€ MapKa BYTULIA, IO PO3MEITIOETHCS
B KBM, pesxxumu fioro podoTH, KOHCTPYKTUBHI OCOOIMBOCTI MMMIOCUCETMH KOTJIa Ta iHII (haKTOpH.

Krouosi ciioBa: KyJ'H)OBI/Iﬁ MIJIUH, MOJIOJIBHI KyJ'Il, KYyJIbOBE 3aBAHTA)KCHHSI; HEIIPOCKTHE MAJIMBO.



