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the fuel elements at a pressure of approximately 90 bars. It then passes to a steam generator, 

which is very similar to that used in PWR. CANDU reactors have not experienced the same 

steam generator problems as the PWRs. Еxperts suppose that it happens possibly because of 

the lower operating temperature [2.P.48]. 

The fuel elements consists of bundles of natural UO2 pellets clad in zirconium alloy cans; 

individual bundles are about 50 cm long, about 12 of such bundles are placed into each pres-

sure tube. Another fact about CANDU is that the average volumetric power density in the 

core is approximately one-tenth of that in a PWR. 

Although the CANDU has operated with remarkable success, difficulties have been ex-

perienced with hydrating of the zirconium alloy pressure tubes. Even though it has a lower 

fuel cost, CANDU needs considerable amounts of expensive heavy water, which makes its 

capital cost higher. For this reason the CANDU reactor is less demanded than the PWR and 

the BWR. 

Conclusion 

It is undeniable that science has been developing fast nowadays. Progress has influenced 

the nuclear energy: several new nuclear reactors have been designed and built. These reac-

tors are safer but have higher capital costs, which prevents their large-scale exploitation. De-

spite this fact, experts are convinced that the number of nuclear power plants will increase in 

the next 50 years and nuclear power energy will be able to compete with other types of en-

ergy. 
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Figure 1 – General view conveyor. 

This article is devoted to development of a control system of asynchronous electric motor 

drive conveyor with two electric motors. 
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A conveyor system is a common piece of mechanical handling equipment that moves 

materials from one location to another. Conveyors are especially useful in applications in-

volving the transportation of heavy or bulky materials. Conveyor systems allow quick and 

efficient transportation for a wide variety of materials, which make them very popular in 

the material handling and packaging industries.
 
Many kinds of conveying systems are avail-

able, and are used according to the various needs of different industries. There are chain 

conveyors (floor and overhead)
 
as well. Chain conveyors consist of enclosed tracks, I-Beam, 

towline, power and free, and hand pushed trolleys. 

Conveyor systems are used widespread across a range of industries due to the numerous 

benefits they provide. 

 Conveyors are able to safely transport materials from one level to another, which when 

done by human labor would be strenuous and expensive. 

 They can be installed almost anywhere, and are much safer than using a forklift or other 

machine to move materials. 

 They can move loads of all shapes, sizes and weights. Also, many have advanced safety 

features that help prevent accidents. 

 There are a variety of options available for running conveying systems, including 

the hydraulic, mechanical and fully automated systems, which are equipped to fit indi-

vidual needs. 

To increase the capacity two electric motors are used. It is cheaper than buying a power-

ful motor. However, two motors must be synchronized. 

There are two types of synchronized drives of two or more mechanically independent 

shafts commonly known: one is the "power selsyn" or "synchro-tie;" and the other might be 

called the "simplified selsyn." The first system uses, besides one or more prime movers, in-

dividual selsyn motors for synchronizing. The analysis and application of this type is very 

well covered in literature. With the simplified-selsyn system, each single shaft is driven by 

its individual motor, a wound-rotor induction motor, and these motors themselves are used 

for achieving a synchronized drive, without any additional selsyn motors. So far, the pub-

lished analyses of this system are very poor and very little information, if any, can be ob-

tained from the literature, which could be used as a guide for planning of such drives. Rec-

ognizing this situation, the Armour Research Foundation of the Illinois Institute of Technol-

ogy made possible the performance of a series of tests which should furnish more basic in-

formation on the subject. 

Figure 2 (left) – Diagram of a syn-

chronized drive with two duplicate 

wound-rotor induction motors. 

Figure 2 shows the wiring of 

two wound-rotor motors for such a 

synchronized drive. The slip rings 

of both motors are interconnected, 

tying the equivalent rotor phases 

together and a combined secondary 

resistor is inserted between the tie 

leads. The ohmic value of this re-

sistor is important for obtaining a 

satisfactory operation. The two ex-

treme values of resistance are zero (resistor short-circuited) and infinite (no connection be-
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tween the rotor tie leads). In the first case, the two motors act as two independent squirrel-

cage induction motors without any synchronizing torque, and under different loads the slip 

of the motors will be different. In the second case, with no connection between the ties and 

with the rotors in synchronized position, both rotor voltages are in opposition and cancel 

each other. No rotor current can flow, no torque can be developed, and the motors do not 

start. The proper size of this secondary resistor is important. Defining BR as the base rotor 

resistance, 2

2/ 3BR E I , where E2 is the rotor voltage across rings; I2 is the rated second-

ary current. The optimum value of this secondary resistor is around 0.23 BR. With the 

transmitter motor fully loaded and this resistor, 0.23BR, inserted, a synchronized run is se-

cured if the load of the receiver motor is between a maximum 1.95 rated torque and a mini-

mum 0.2 rated torque. With a greater load, the receiver motor will be stalled, and with a load 

smaller than minimum, the receiver will speed up to almost synchronous speed. 

The customary stopping by disconnecting the motor primaries from the line is inconven-

ient, because there is no synchronizing action during the deceleration period. It is recom-

mended that the drive be stopped by opening the combined resistor circuit and leaving the 

primaries line-connected. The drives come to rest under the influence of the load, friction, 

and stop brakes, and an appreciable synchronizing torque is maintained during the decelera-

tion period. 

To avoid failures in operation, the shortcomings of this system have to be realized. In the 

first place, the synchronized run is secured, as previously indicated, only if the load differ-

ences between the two shafts do not exceed the permissible limit. However, there are very 

few cases where the normal or accidental load differences (due to frozen bearings, jammed 

gears, or the like) safely can be predicted. Furthermore, in case of failure of the power sup-

ply, there is no synchronizing torque developed and a displacement is very likely. Conse-

quently, in cases where proper alignment is paramount, the following arrangement of safety 

devices is necessary:. 

1. Automatic control of the angular displacement between the two rotors can be achieved 

easily by two small selsyns, each rigidly coupled to one motor, and a conventional differ-

ential selsyn between the two. The differential selsyn permits observation of the angular 

displacement at rest and while running, and develops ample torque for control purposes. 

For example, it can actuate a sliding contact, which opens, through a contactor, the com-

bined resistor leads, in case the angular displacement exceeds the preset limit. 

2. Control of displacement also can be achieved by limit switches. 

3. The correct arrangement of the motor overload protection is also important. In case just 

one of the overload relays trips, all motors have to be stopped. As previously mentioned, 

it is very convenient not to interrupt the motor primaries with these safety devices, but to 

disconnect the leads to the secondary tie resistor. 

4. Another requirement is provision for realignment. This is achieved by arranging a key-

locked switch, which permits 

operation of only one motor in 

both directions, and which by-

passes all the alignment con-

trols. 

Figure 3 (left) – Synchroniza-

tion on the parallel interface. 

However, another system 

must be used for the conveyor, 



85 

the system is more expensive but it is more efficient at the same time. It consists of two mo-

tors, two frequency converters and a controller. This system was the goal of my research. 

It is possible to adjust the offset velocity by scaling an analog input frequency converter 2 

or analog output of the frequency converter 1. It can be implemented almost on any models 

of frequency converters with a good analog output (bit digital-to-analog converter not less 

than 10). 

In its simplest form, you can just give a parallel task like that: 

 

Figure 4 – Schematic diagram. A circuit diagram which shows: a control device two fre-

quency converter and two motor, and various sensors has been introduced. 

In Figure 5 we see the mechanical characteristic. On the characteristic 1+2 summed mo-

ments electric motors. 

 

Figure 5 (left) – 

Teamwork electric 

motor operating in 

different modes. 
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Figure 6 – Simulation model in Matlab program. 

A simulation model which is under development has been introduced as well. It will in-

vestigate such modes as jam mechanism jams, maximum load start, as well as the failure of 

a single drive. 

 

Figure 7. 

In Figure 7, we see two synchronized engine speed. This is the result of synchronization 

in Matlab program. 
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Introduction 

Issues of energy management and energy efficiency are of high importance in the world. 

Fig.1 Structural Dynamics of GRP under comparable conditions relative to 2000. 
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