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ABSTRACT: At the development of automation system for ore mills, working in close cycle with hydrocyclone  and the choice of its structure the indirect methods for measurement of the basic technological parameters(density of the pulp at the mill outlet ( and fineness of grinding of the pulp () are used. The investigation carry out on the ore mills in “ASAREL-MEDET”AD shows that impact pulses of the case vibration (factor of grinding FG), measuring at the mill inlet are very well correlated with the loading (filling level) of the mill and therefore with fineness of grinding of the ready product as well.The investigation shows that the impact pulses of the case vibration in the zone of pulp formation  (factor of pulp formation FD) depend on the filling level of the mill with material  as on the density of the pulp in this zone as well. The systems structure is describe in paper and the peculiarities of the basic technical means (sensor for ball mill loading SRIP and microprocessor module MILLCONT 2) are given too. The nowadays achieved economical results from exploitation of the system are given as well.
1 Introduction
The grinding of the ore in “ASAREL – MEDET” AD – Panaguriste is performed on single-stage ball mills working in close cycle with hydrocycles. In the control channels the ore mill aggregate can present with the structure (Penzov & Marinov 1998) shown in fig.1, where:
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Fig.1 Schematic diagram of the ore mill

O – flow rate of the ore sent for grinding into the mill;

W1 – flow rate of the water sent into the mill;

W2 – flow rate of the water sent into the sump;
Z1, Z2 – indirect measurable parameters (impact pulses vibration) of the case vibration at the mill inlet and at the mill outlet;

F – disturbances (the changes in the grindability of the ore, wearing out of the ball charge and the mill lining);

ρ – pulp density at the mill outlet;

β (- 0.074) – fineness of grinding of the pulp.

2 NEW TECHNICAL DEVICES FOR CONTROL OF GRINDING PROCESS
As a result of the recent scientific and experimental studies new technical devices have been developed of the ore grinding process control system the brief description of which is given here below.

2.1. New Method and a Sensor for Ball Mill Loading

The method consists of  a synthesized new parameter of impact pulses of mill case vibration which we called “Factor of grinding FG”. The signal of the sensor is sent to microprocessor module, where by software way is formed FG, which is related with material resistant layer against the penetration of grinding bodies in the zone, where the sensor is mounted. The resistance of material layer depends on its thickness , as well as from the size, hardness and grindability of materials. FG reflect one-way and with high sensibility the changes of layer thickness  and the qualities of materials.FG is programmed for each concrete case by the choice of the frequency domain in which the impact pulses are located and by the coefficient, defining the FG range.The forming FG is sent to  specialized PID-controller, which changes the flow rates of inlet materials so, that the optimization law to satisfy. At wet grinding of ores when the second sensor is mounted in zone of  pulp formation, the pulp density is measured  and it is controlled by inlet water. For this aim “factor of density FD” is synthesized.


  The advantages of the used principle of measurement are followed:

- FG and FD aren’t influenced from the work of near-by mills and other aggregates;

- Measuring of resistant properties of material layer in the zone of sensor mounting and obtaining in time truthful information for their changes;

- Eliminating of uninformation resonance vibrations of mill’s case;

- In case of FG - change it can control the wearing out of grinding bodies and lining;

- At abruptly FG change it can define  a mill breakdowns (destruction of grids and lining, clogging up from inner bodies etc);

- The sensor signal is sent at distance up to 200m without additional amplification.
  The  sensor  for  remote  measuring  of  impact  pulses  SRIP (Fig.2) consists of two elements (Penzov & Marinov 2005), in which electrical signals are generated with amplitudes, proportional to the steepness of impact pulses at the grinding of materials. 
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Fig.2 Impact  pulse  sensor                 
The sensor elements are connected differentialy for eliminating of parasitic electromagnetic fields. The signal is transmitted through double-core armoured cable with isolated shield. By means of special elements, screens, compound etc it is provided high sensibility and selection at the measuring of impact pulses at distance 15-30 mm. In this case the parasitic vibrations and sound signal, provoked from near-by mills and aggregates are avoided.The  sensor  for  direct  measuring  of  impact   pulses   SDIP  is similar constructively to SRIP as additionaly are built-in fixing elastic elements and magnets for fastening to the case of the stationary mill.
2.2. Microprocessor module MILLCONT 2

The microprocessor module of the system MILLCONT 2 (Fig.3) consists of two solo control loops (Penzov & Marinov 2005) by means of which can automatizate and  optimizate the work of all kind of rotary and stationary mills.Each of the loops consist of:                                                            

- Input differential amplifier with programmable gain coefficient 1, 2, 4, 8;

- Analog high frequency filter from 2nd order with cutting frequency 50Hz, that eleminates low frequency oscilations provoked from mill-ovalness as well as from hatchways and bolts closly to the measuring band;

- Two control points after the differential amplifier and after analog filter, which are on the terminal deviece and serve for controlling of the signal;

- Analog amplifier of the filter signal with gain coefficient 2;

- 12-bit ADC;
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Fig.3 Microprocessor module MILLCON 2
- Microprocessor for the signal treatment and the forming of  “factor of grinding FG”, which is transmitted in normal or inverse type to the input of PID-controller, to the analog output 0(4) ( 20mA and to the display F on the front panel;

- Microprocessor (common for the two loops) for the forming of two PID-controllers;

PID-controller contains the followed elements:

- Set   point  input locale  from  the  keyboard of   the  front  panel  either  remote  

0(4) (20mA or from serial channel RS 485. The set point is indicated on display SP;

- Normal or inverse output which can be current 0(4) ( 20mA or relay-operated;

The control laws inserted in PID-controllers are given with formulas:

M = [P(n + T/Ti((k + Td/T ((n - (n-1)] 100/FGo + bo     [%]
(formula 1)

M = [P(n ((n (+ T/Ti((k ((k ( + Td/T((n - (n-1)] 100/FGo + bo    [%] 
(formula 2)

where:

M - output control value;

P – gain coefficient;

( = (SP-FG) – debalance between set point (SP) and factor of grinding (FG);

((( – module of debalance; 

T – tact of the control law;

Ti – time constant of integration;

Td – time constant of deviation;

FGo – range of FG;

bo – initial value of the actuator (%) .

  The first law (formula 1) works with a first degree of the debalance (, whereas the second law (formula 2) works with the square value  of the debalance.

  The outputs of the analog controllers have dimension  % from 0(4) ( 20mA. The controllers with relay output have dimension % from the full time for opening of the actuator. The controllers can work into normal regime (nor) as ( = SP-FG or into inverse regime (inv) as ( = FG-SP.

  For improving of the controllers operation  a extra programmable zones are anticipated in menu : dead zone (n), where the controllers don’t work and zone of linear operation (L), out that the actuator  depends on sign of  ( and get maximum or minimum . Most of the mills have different transitional characteristics at loading and discharge and due to in menu  two groups of adjustments are anticipated for P, Ti,Td, n and L, which depend on sign of (.

  The front panel of the module (Fig.4) contains:

- 4-decade red display “F”, that indicates “Factor of grinding FG” with programmable decimal point.

- 6-decade green display “SP/PAR”, that indicates with constant light in regime of operation the set point of the controller and with blinking light – the messages for breakdowns;

- 3-decade green display “OUTPUT%”, that indicates the controller output, respectively the situation of the actuator;

- Line of light diods as followed:

· RUN – the module work (the light diod blinks through 2 s);

· CNF – the module is in regime of programming;

· CAL – the analog inputs and outputs are in regime of calibration;

· TEST – the light elements on the front panel are tested;

· R1 – the front panel serves the first loop;

· R2 – the front panel serves the second loop;

- Two columns of light diods for the 1st loop “R1” and for the 2nd loop “R2” as followed:

· AUT – the loop works in automatic regime with locale set point;

· MAN – the loop works in manual regime;

· REM – the loop works in automatic regime with remote set point;

· LAF – low alarm FG limit;

· HAF – high alarm FG limit;

· SASP – disturbed limits (0(4) – 20mA) of the remote set point

· OUT – activated relay of the controller

- Two buttons ▼and ▲ for decreasing and increasing of the controller set point ;

- Button “AUTO”, pushing it on the display SP the inscription AUTO is appeared and by ENT the loop passes in automatic regime with locale set point as the light diod AUTO shines;

- Button “MAN”,  as it is pushed on the display SP the inscription HAND is appeared and by ENT the loop passes in manual regime as the light diode MAN shines;

- Button “REG” for change of the loop, serving from the front panel as the corresponding light diod R1 or R2 shines;

- Button “PAR/QUIT”, mainly is used for programming;

- Button “REM”, as it is pushed on the display SP the inscription  CASC is appeared and with ENT the loop passes in automatic regime with remote set point as the light diod REM shines;

- Button ENT serves for confirming. 

  The module is built – in PVC box with dimensions 65 x 135 x 165 mm, into which are installed 3 plates: of the module, of the front panel and of the terminal device. The module is inserted in aperture with dimension 67 x 137mm and it is fixed by the installed elements of the box. 
  The sensor SRIP is installed on the stand  hardly connected to the fundamental or other stationary body as its adopt part is directed from 15 - 30mm against the waterfall side of the mill under 30 - 40(. The sensor SDIP is fixed on the case of stationary mill by means of incorporated magnets as it is chosen smooth surface. In order to escape a disturbances the armoured cables, connecting the sensors with the module are transmitted on the cable stack a far from high voltage cables and high frequency tyristor or transistor motor drivers. For protection from disturbances and outer intervention it is wished the cables to be withdraw in steel pipes.
3 Studies and identification of ore mills
At the development of automation system for this type of mills and the choice of its structure the indirect methods for measurement of the basic technological parameter (density of the pulp at the mill outlet ρ and fineness of grinding of the pulp β) are used. The investigation carry out on the ore mills in “ASAREL – MEDET” AD shows that impact pulses of the case vibration measuring at the mill inlet (factor of grinding FG) are very well correlated with the loading (filling level) of the mill and therefore with fineness of grinding of the ready product as well. The investigation shows that impact pulses of the case vibration in the zone of pulp formation (factor of pulp formation FD) depend on the filling level of the mill with material as on the density of the pulp in this zone as well. In case that there is built a loop for stabilizing of the mill loading by the signal of the first sensor, the signal of the second sensor is correlated only with the density of the pulp at mill outlet.
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Fig. 4 Transitional characteristics

  In fig. 4 are given represented transitional characteristics in the control channels 1 and 2 of the mill loading, obtained at identification of 3rd  ore mill as a object of automation. The parameters of the automation object, approximated with transfer function of a aperiodical link with delay are defined by the method of Ormans.
Table 1
	№
	Control channels
	               Parameters

	
	
	τ0 [min]
	T0 [min]
	K0

	1.
	Z1 – 0
	( 1,6
	4,8
	0,7

	
	
	( 1,5
	3,7
	0,8

	2.
	Z2 – 0
	( 5,2
	5,8
	0,6

	
	
	( 4,8
	5,2
	0,7

	3.
	Z2 – W
	( 4,2
	5,3
	0,8

	
	
	( 4,6
	5,8
	0,7


  In table № 1 are given the obtained results at the identification of  3rd ore mill for separated control channels.

4 Microprocessor control system for optimization of the ore grinding process

In result of investigation carry out as well as the identification of the other ore mills is developed the system (Lalov et al. 2005) a schematic diagram of which is given in fig. 5. The purpose of the system is:

- to measure the loading (filling level) of the mill with ore;

- to stabilize automatic the set loading by change of  the flow rate of the inlet ore;

- to measure and stabilizes automatic the flow rate of the water sent into the mill;

- to keep up the set ratio material – water at the control process of the mill loading;

- to measure by indirect parameter (factor of pulp formation FD) the density of the ready pulp;

- to stabilize automatic the set density by correction of the  water sent into the mill.
  The aim is to be increased productivity of the grinding aggregate and the quality characteristics of the ready pulp to be improved at minimal interference of the exploitation personnel.
  The system realizes the following loops for measuring and stabilization:

4.1. Measuring loops of technological parameters

F1,F2 – The flow rate of the water sent to the mill and respectively into the sump;
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F3 – The flow rate of the pulp sent tom the hydrocyclon;

Q – The weight flow rate of the ore sent to the mill;

L1 – The loading(the filling level) of the mill;
L2 – The level of the pulp into the sump;

D1 – Indirect parameter for the pulp density at the mill outlet;
D2 – the pulp density of the ready product.
4.2. Loops for stabilization of input material flow rates and technological parameters

- The weight flow rate of the ore sent to the mill by  the signal Q with a effect on the transistor frequency inverter 8, changing the revs of the band feeder 2. The controller of this loop is configured from the control system;

- The flow rate of the water sent to the mill in set ratio with  the weight flow rate of the ore;

- The loading (the filling level) of the ball mill with ore. The loop includes the sensor L1 and first loop of the microprocessor module MILLCONT 2. The controller 10 of MILLCONT 2 is connected in cascade with the loop for weight flow rate of the ore;

- The pulp density at the mill outlet. This loop contains the sensor D1 and second loop of MILLCONT 2. The controller 13 of MILLCONT 2 is connected in cascade with the loop for flow rate of the water sent to the mill;

- The level of the pulp into the sump by the signal L2 with effect on the transistor frequency inverter 15, changing the revs of the pump 5. The signal for the flow rate of the pulp F3 is sent as a position feedback to the controller of this loop, which is configured from the control system;

- The density of the pulp for flotation. The loop contains the densimeter D2, the controller, configured from the control system and the actuator 16 with the water tap. The signal for flow rate of the water F2 is sent as a position feedback to the controller of this loop.
5 CONCLUTION

The new microprocessor system is already implemented fractional on single-stage mill working in close cycle with hydrocyclone. The nowadays experience in  ore grinding process automation shows the following:

- The productivity of the mill is increased with 30%;

- The specific power consumption is decreased an average from 20 up to 25 %; 

- The durabillity of the lining and the grinding bodies is increased with 3-4 months;

- The average square deviations of the grind product by fineness of grinding and density is decreased with an average of 1,6 times.

  Besides these good economic results the system improves the overall labor organization.
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