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ABSTRACT

This is an updated survey of high performance belt-conveyor transport systems which are the main consumers of electrical power in opencast mines. Comparison has been made with some data from countries of the former USSR. Some methods for improvement of the present state of the belt conveyor transport are described. Development of information technology electronic control systems is considered to be the most progressive among them. The main functions of the heavy duty power belt conveyor systems will be discussed in the second part of the survey.
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INTRODUCTION

The introduction of high performance machines in opencast mines like multi-pail excavators required large numbers of heavy duty power belt conveyors as a single method for transportation of the larger quantity loads. The development of the large-scale opencast mines in Bulgaria, and in the world as a whole, and the gradual dwindling of the near-surface layers of ores and minerals, have led to the establishment of conveyor-belt transport of capacity 8000 m3/h. Therefore, all aspects of improving the efficiency of this type of transport have acquired greater significance. The installed power in an opencast mine of the proportions of Maritza Iztok is 100 MW and even more than that, and almost all the power is concentrated in the belt-conveyor transport system.. The fast development of microelectronics, software and communications in recent decades has brought about some tendencies for improvement of the technical, economic, ecological and production parameters of the mining factories: the introduction of electronic systems for management and control has proved to be the best.
What is the high performance power belt-conveyor? 
There arises the question about the yield of low-calorie coal in opencasts mines and the need for disposal of many millions cubic meters of soil per month to the distance of some tens of kilometers. This can be done only by conveyors with width more then 1800 mm and length to several kilometers. Such are the parameters of conveyors in bigger ore dressing plants and electric power stations.  Having in mind the investments for the construction of such huge conveyors and the potential losses from their inadequate use, we can draw conclusions about the need for control systems built in the conveyors. Glancing back in the past, we can infer that the use of this equipment has been inadequate. For example: the statistics from 1989 shows that the coefficients for using conveyor-belts in some ore dressing plants were as follows: (1) Mikhailovskij GОК = 0,176; Almaliskij GОК = 0,200; Yuzhnij GОК = 0,263; Orlovskij GОК = 0,176. At the same time the coefficients of their technological potential were as follows: Mikhailovskij GОК = 0,532; Almaliskij GОК = 0,32; Yuzhnij GОК = 0,377; Orlovskij GОК =  0,132.


From 1 January 1977 to 31 October 1978 over twenty manufacturers from the former USSR were surveyed and the reported coefficient of utilising the technical resources of the belt-conveyors amounted to 0,9433 (2).
What are the parameters of the Bulgarian opencasts coal mines? It can be inferred that the biggest system of high performance belt conveyors is the one of the 3rd transport complex for soil disposal of mine “Troyanovo-1” in “Mines Maritza East Ltd.”. The technical potential of the main conveyors with width 2250 mm is 20 000 t/h or 9 000 m3/h. The conveyor transports according to plan 40 000 m3 per twelve hour shift or below of 4 000 m3/h. That is to say, less than 40% of equipments’ potential is used. There are conveyors in this machine complex which are furnished with electronic control and monitoring systems, and others without control systems. The microprocessor monitoring and control system serve as control and monitoring of different parameters of the conveyors, from belting speed and belt slip, tighten, motor load and others, to failure of fuse and the temperature in the hall, where the monitoring and control is located. The conveyors without electronic monitoring and control system are operated with relay-contactor logic according to a simpler method, without recording parameters.

 If an analysis is made of the reliability of these conveyors the result is the following: from 1 November 2001 to 1 April 2002 the total electrical failure idle time of five conveyors with width 1800 mm and theoretical productivity 6000 m3/h, not furnished with electronic control system, is 139 hours and 18 minutes, or  for one conveyor at the rate of 27 hours and 52 minutes, while for the same period of time seven conveyors with productivity 9000 m3/h, furnished with electronic control, is 145h and 51 minutes, or for one conveyer at the rate of 20 hours and 50 minutes. Every conveyor with productivity 6000 m3/h has got installing power 1,5 Mw, or per one megawatt idle time is 18 hours and 34 minutes, while conveyors with productivity 9000 m3/h have got installing power 4Mw, or per megawatt installing power idle time is 4 hours and 38 minutes, or about  22% .

In the course of reasoning the coefficient of utilising the conveyors and coefficient of using technological potential the author means the multiplication of the coefficient of use by time and the coefficient of use by performance. The coefficient of use by performance is the reported average yield for an hour, related to the potential average performance of the system, excluding the time when the conveyor system was idle. That is to say, this parameter describes the load of the system according to its power and the quality of the executive team of workers. The coefficient of use by time is equal to the average work time per one shift partitioned to the length of time for one shift, excluding the planned stoppage. That to say, this parameter describes the break-downs of the conveyor system and the quality of the work done by the service workers.    

The status and tendency of development of the automation systems for high performance belt conveyors in the world. Having in mind the situation in Bulgaria at present it is reasonable to study the experience of the countries with similar economies. Analyzing the condition and the perspectives for development of automation and computing of SP ERDENET Delgerbat, (3) the fixed time of redemption of systems of fill automation on the mining belt-transport is about two to three years, the investments in the dispatcher elecronic systems and plan electronic systems are regained most readily – from six to twelve months. Similar conclusions report Khulaev et al, (5). They recommended statistical plan systems and systems for reporting accidents and warning states. Detailed analysis of methods for raising the efficiency of mining productivity was offered by Monastirskij et al, (4), based on the statistical analyses for four – five years of more than six mines in Russia and compared them to data about such systems in England, France, USA and Australia. It turned out, that the introduction and development of dispatching systems, as well as low level control systems for the technological process are the main ways to achieve contemporary technical – economic indexes. The complex approach for increase of belt conveyor reliability and productivity in enterprises was initiated by Prushak et al, (6). A method for calculation of the rubber belt exploitation time – the most expensive element of the equipment, is reported, giving exploitation states and availability of restoring- services influence of transport material, use in time, distance per transport and others. It turns out that the effect of correct prognostication of rubber live time can be hundreds of thousands dollars for an average dressing plant, from saving of unused reserves of belt. The system to control of the exploitation parameters – belt speed and belt slip sensors, control of longitudinal and cross split and automatic tension and center units would raise economic parameters with 30-40%, in the least.

A detailed analysis of the economic effect after introduction of systems for automatic control and regulation of power belts was made by Nazarenko (1, 7). On the basis of statistic data for coefficients for loading and use in many plants, a conclusion is drawn that the biggest economic effect comes from speed regulation and tension regulation in belt conveyors, without overlooking the other circuits of control. A methodology is offered for calculating reduced expenses for transporting one unit of soil material in function of belt speed, belt tension and correlation between tension force between two driving drums, spectral thickness of mass transported material, theoretical productivity of equipment and others. By reducing the belt speed the charge of rolls is decreased almost linearly, and at 25% of the usual speed, the nominal exploitation time of the rolls is doubled. Greater is the increase of the term of exploitation time of the basic bearing rolls on the underbelt, at 25% of the usual speed it can reach increase up to 24 times. Here the function is parabolic. There is fast decrease of reactive energy expenses, whereas in function from the method of speed regulation reactive power consumption can be minimal. The real losses from plastic load deformations are cut down significantly.

 The amortization of the tensional body is cut down, because of increased exploitation time of bearing in the tensioning drum, which is the most expensive detail in the tension unit. In consequence of automatic tension regulation decreases almost linearly, with the decrease in tension force, there is also decrease in the threadbare belt losses, result of the friction of elastic deformations, which at 0,25 of the theoretical tension, the waste belt losses are decreased 3,94 times. But the drastic decrease of the tension force can bring along increase of energy losses, and as a consequence increased losses from plastic deformations of material (disintegration and swell). The analysis of the function of the full economizing effect from belt tension regulation shows extreme at 20-55% of the theoretical tension, and an (1) adaptive regulating system of belt tension is recommended with minimization if energy losses. 

The offered statistical rating of failures by Belenkij et al, (2) describe to what extent the reliability parameters of a bower belt conveyor deteriorate by absence of electronic monitoring and control systems. The number of fatal failures is particularly big mainly in the electronic part of the unit.  

What has been said so far makes it clear that the economic effect from implementing electronic monitoring and control systems in power rubber belt conveyor transport in an average Bulgarian ore dressing plant, namely these from complex “Maritza East Ltd.”, greatly exceeds the investments for their implementation.


 Full automatic control and management systems of separated processes in high performance belt conveyor systems are described in (8-18) and many other sources. Every one of these systems covers different aspects and offers solutions to certain problems of the global assignment – to transport the biggest quantities of soil material to the greatest distance with minimum expenses. It is a pity, but the author has not found (and maybe there does not exist) information about – a control system for power belt conveyors that could serve its purpose so well that the utilization factor becomes 100%, all parameters are monitored, there is correct prognostication of failures, and the number of workers is limited to zero. Every one of the offered systems has solutions for certain problems, but the parameters of high performance belt conveyors have not yet overcome the theoretical restrictions of fundamental laws of physics, mathematics and other sciences. 


The stages of evolution, through which the belt conveyer automatic systems have passed, are not significantly different from those in other productions.


The system “Lomicont” (15) from Invanchenko and Hristchev is based on microprocessor КР580 (Z80) and is useed mainly to transmit sensor signals by phone cable long distance, and cable costs are decreased mainly. A unique mode is used for coding by level.


The system of long distance multi-way control for belt conveyor transport, developed by Takchev et al, represents a full system for diagnostics and control of the main parameters in conveyors, namely belt speed, belt slip, belt tension and belt position, metal detectors, acoustic control of motor quality, fire sensors and others. The implementation of this system has brought about cutting a lot of expenses. Cable costs have decreased by 50-70%, the number of workers has decreased very fast. The capacity of the system is up to 60 conveyors and it is divided in two parts – managing and controlling.


The most modern tendencies in the development of belt conveyer automation are connected with diagnostics and control of the parameters of the most expensive element in the unit – the rubber belt.


The Conti Tech Holding and DES has developed a system for marking, belt speed control,  and monitoring of belt defects – Conti Tronic, using signal repetitions. The system, besides repetitions into the belt, has got receiver-transmitters (stationary or mobile) and PC with software. With the monitoring function it is possible to monitor the wearing out of the belt, the incidence of defects or symptoms to axial tears. Automatically it registers the idle time, the stop intervals and other exploitation parameters (19). 


The system from Dunlop Belting Group (Drahten, The Netherlands) – EyeQ (20) for the state and tear of the belt is similar. It consists of a decoder, a magnetizing unit, sensors and controls for incidence of tear. The decoder is mounted on a fixed prop and it determines the position and the speed of the belt. The magnetizing unit generates magnetic field in the metal ropes of the belt and in the control units. The sensors collect the information about the parameters of the working belt and identify the location and particularities of incidental defects. The control units operate with a view to lessening the risk for failure and ensure the stoppage of the conveyor transport. At installation the EyeQ generates the belt profile and defects according to five symptoms. The control units can be installed during the production of the belt or during mounting. They consist of rope knots located close together, mounted at angle 45o to the belt.

The defect is registered by two units reacting to linear deviations.


For now the belt convey or control systems include the sensors into the belt, which makes them more expensive, but perhaps in the near future there will appear belt quality control units based on other methods – the spectral analysis of the tension fluctuations in belt components, measured with induction of electricity current in the belt ropes and others.
What should a system for monitoring and control of high performance belt conveyor transport be like in the conditions of Bulgaria? 
The distinctive features of the open cast coal mines in Bulgaria are the following: First of all, there is high coefficient of uncovering of coal, which presupposes great installed power in the uncovering transport complexes. Secondly, there is morally and physically outdated equipment. Thirdly, there is a great number of employees who are highly qualified. And fourth but not last – the economic situation of the enterprises is not stable enough to allow for full renovation of equipment. In this case, it would be most profitable to invest into computer systems for monitoring and control. 

REFERENCES

 1. Nazarenko, V. M., Exploitation regime of the multi drums belt conveyors. Mining journal, Moscow, 11:6, 1989.
2. Belenkiy, D. M.,  Shulkin, L. P., Tumanian, M. O., Define  indexes reliability power belt conveyors. Mining Journal, Moscow, 1:61,1980.
3.  Delgerbat, L., Cuznecov, A. F., Sterbatov, A. S., State and perspectives in development of automation and computing in SP ERDENET.  Mining Journal, Moscow 2: 68, 1998.
4. Monastyirskij, V. F.,  Kiriya, R. V., A. Kukushkin, O., Pangoshniy, N. M., Piveny, V. A., Romanenko, A. V., Increase in  efficiency of cyclic-conveyor and conveyor technology of quarry Krivbass.  Mining Journal, Moscow 12:42,1995.
5. Kulaev, Iu. M., Ahmedov, K. S., Urumov, V. A., Shaiahmedov, G. D., Belopushkin, V. I.,  Dispatching control and managing technologies processes in underground mine. Mining Journal, Moscow 7:35, 1995.
6. Prushak, V. I., Gulenko, G.I., Shterba, V.I., Complex method for increasing the effect of using the belt conveyors industrial companies. Mining Journal, Moscow: 11-12: 100, 1998.

7. Nazarenko, V.M.  Rational regime for work of belt conveyors preparation companies. Mining Journal, Moscow.  3:91, 1993.
8. Takchev, V. V., Konary, N. V., Procenko, S. N., Shevchenko, V. I.,  Computer system of automatical management of belt conveyor transporters. Mining Journal, Moscow, 6:48, 1999.
9. Nelasov, S. S., Maliy, A. S., Nelasov, V. S., The automatic control system technology parameters and receiving information by radio channel. Mining Journal, Moscow, 6, 1998.
10. Lazutkin, A. G., Ermrnkov, T. E., Robot complex of selected refuse less and naturally coal mining, Mining Journal, Moscow, 1, 1992. 

11. Cierpisz, S.  Optimisation of dynamics of on-line ash monitor, Izv Vuzov, Mining Journal, Moscow, 1:60-63, 1992.
12. Pivniak, G. G., Takchev, V. V., Technical and programming supply microprocessors means mining automatics, Mining Journal, Moscow, 11:62-67, 1992.
13. Fomcheva, O. E., Buildings of expertly systems operating – dispatching management mining manufacturers, Mining Journal, Moscow, 11:89-92, 1992.
14. Gromova L. P., Kozlovskih, A. I., Gafarov, S. U., Information – searching system turning off mining circuit. Mining Journal, Moscow 11:134-138, 1992.
 15. Ivachenco G. E., Hrischev, R. N., Using logical microprocessor control of sending information of long distance.  Mining Journal, Moscow, 7:95-100, 1991.

16. Jirinas V. I., Girliadina M. D., Automatics of mine Comsomolskiy, Mining Journal, Moscow, 2:12-14, 2001.
17. Intelligent conveyor belts from Conti Tech, Conti Tronic, Mining Magazine 6:178,1998 

18. Zielinska, J., Jarach, K., Coal mining application requirements for distributed computer control and monitoring systems. Mining Journal, Moscow, 10:80-84, 1992.
19. Conty Tech, Intelligent conveyor belts from Conti Tech, Mining Magazine, England, 6:403, 1998.
20. Kojushko, G. G., Experimental defining performances by axial fluctuations conveyor belt, 1:82-85, 1994.
21. Kojushko, G. G., Korotkiy, A. I., Compulsory fluctuations conveyor belt compulsorily by rolls. Mining Journal, Moscow, 12:70-75, 1993.









*Correspondence to: Anatoliy Terziev, 95, Car Ivan Asen II Str., 6000, Stara Zagora, Bulgaria, Tel: (+359) 42 604666





PAGE  
37

