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LECTURE 1. INTRODUCTION.
The recommended literature. The purpose and course problems. A situation in a fuel and energy complex of the country. Ways out of the  economic crisis. Directions of the solving of the problem of power savings. The law of Ukraine «About power savings». The project of reforms presented by the Government in the fuel and energy sector. «About the Decision of the Board of National Safety and Defense of Ukraine of February 14, 2000 “About Urgent Measures to Overcome the Crisis in the Fuel and Energy Complex of Ukraine”.  
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The power saving is one of priority directions of the state policy of Ukraine. The complex solving of the  problem of power savings is one of the ways of overcoming the economic and energy crisis.
The power saving is an  activity (organizational, scientific, practical, informational), directed at rational use and economical expenditure of the primary and transformed energy, natural power resources in the national economy and which is realised with the use of technical, economic and legal methods.
Object of studying of the discipline are methods and ways of power savings.
The course purpose - mastering of the knowledge necessary for qualified use of power saving systems of electrical supply during the design process and use of power saving actions at the industrial enterprises and housing and communal services.
For a long time the national economy has developed by the way of prevailing development of power-intensive industries: mining, metallurgical, chemical, heavy mechanical engineering, power engineering. 
the share of the most power-intensive branches making intermediate production increased and the share of the branches which are letting out production of final consumption decreased into high rates in the country during last years. 
Let's discuss the situation in a fuel and energy complex of Ukraine. 

National economy depends on external sources of power supply, on 50 % and for their purchase there are no means.

Big share of the out-of-date, technically worn out equipment, energy consuming technologies (especially in power engineering, ferrous metallurgy, the petrochemical industry, other power-intensive branches), orientation to cheap fuel and energy resources (ТЭР) have led to critical levels of wastefulness and irrational use of fuel and energy resources. 

Specific power consumptions for goods production increase. For example, relative density of ТЭР in the cost price of production of mechanical engineering has increased from 5-6 % to 30-50 % that exceeds similar indicators of foreign firms several times and leads to non-competitiveness of the domestic production in the world market. 
The energy crisis reasons

severe shortage of organic fuel, absence of alternative sources of import of oil and gas;
Absence of sufficient means for import of fuel and energy resources and liquidation of technical and technological backwardness;
deformed structure of the national economy: prevalence of power-intensive branches of manufacture (in 1997 in percentage under the relation to all industrial production ferrous metallurgy made 23,3 %) and priority development of power-consuming industries;

Technological and technical backwardness of manufacture, use energy consuming technologies;

Lagging in scales of introduction of achievements of scientific and technical progress;

Reduction of the high technology manufactures;

Command and administrative  methods of management of the economic complexes instead of the market ones;

Discrepancy of the prices for fuel and energy resources to actual expenses for their manufacture and distribution, orientation to cheap fuel and energy resources;

High power consumption of the gross domestic product (power consumption of the gross domestic  product is 2 times, and in a number of technologies - 4-5 times higher  the power consumption of the same product in the developed countries [55, p. 5]);

Absence of mechanisms of influence of the price for fuel and energy consumption levels
Ways out of the created energy crisis:

Development of traditional power;

Use of alternative energy sources, first of all - renewed;

Power saving;

Structural re-organization of economy (reduction of the share of power-intensive branches of manufacture);

Power efficiency increase.
The most comprehensible, from the economic and technical point of view, way for Ukraine is carrying out of the policy of power saving which has the state policy status. The power saving policy - set of actions which meet national interests: to maintain the viability of economy, protect the environment, and introduce the safety strategy.
World experience also testifies it. 
Not escalating of manufacturing of fuel and energy resources, not expansion of quantity of sources of power supply, but concrete measures taken for power savings made the basic contribution to solving the problem of the  fuel and energy complex of the developed countries of the world after the energy crisis of 1973.  In the 80’s in some of these countries the economic growth was possible under the reduction in needs for fuel and energy resources. 
The basic directions of solving the problem of power saving:

Carrying out of technological re-equipment of power-intensive branches;

Structural re-organization of economic complexes;

Formation of optimum levels of self-power supply of regions and branches (?);

Creation of a domestic branch on manufacturing and introduction of the competitive power saving equipment;

Struggle against wastefulness at the use of ТЭР.
Solving of the problem of power saving will allow:

To reduce dependence of economy on import of power resources;

To take out of service a part of generating capacities (that is especially topical  as since December, 15th the Chernobyl atomic power station stops working!);

To limit influence of anthropogenic factors on the environment;
In 1994 «the Law about Power Saving» was adopted.  The law is published in the NEWSLETTER OF THE SUPREME COUNCIL OF UKRAINE №30 for 1994. It defines legal, economic, social and ecological basis of power saving for both all enterprises, associations and the organizations located on the territory of Ukraine, and for citizens.
The purpose of the legislation on power saving consists in regulation of relations in power saving sphere, maintenance of interest of the enterprises, organizations and citizens in the power saving, introduction of power saving technologies, working out and manufacturing  of less power-intensive cars and the process equipment, fastening of responsibility of legal and physical persons in power saving sphere.
The main principles of the state policy in power saving sphere are:  
a) Creation by the state of economic and legal conditions of interest of legal and physical persons in power saving;
b) Realization of state regulation of the activity in the sphere of power saving on the basis of application of economic, normative and technical measures of management;

c) Priority of power saving requirements in  realization of the economic, administrative or other activity connected with depositing, processing, transportation, storage, manufacturing and use of fuel-and-power resources; 
d) Scientific substantiation of standardization in the sphere of power saving and rationing of use of fuel and energy resources, necessity of observance of power standards and specifications to use  fuel and energy;
e) Creation of power saving up structure of production of goods on the basis of the complex solving of questions of economy and power saving taking into account ecological requirements, wide introduction of the newest power saving up technologies;
f) Compulsion of power expertise;
g) Popularization of economic, ecological and social advantages of power saving, increase of public educational level in this sphere;
h) Combination of methods of provision of economic incentives and financial responsibility for the purpose of rational use and  economical expenditure of fuel and energy resources;
i) Establishment of  payment for  real loss and irrational use of fuel-and -power resources;
j) Solving of problems of power saving in the combination with realisation of the power program of Ukraine, and also on the basis of wide interstate cooperation.
Education and bringing up in the Sphere of Energy Saving

Forming of the caring attitude to the use of fuel and energy resources is provided by training, wide popularization and propagation of economic, ecological and social advantages of power saving.
Knowledge in power savings and ecology spheres is obligatory for all officials whose activity is connected with the use of fuel and energy resources.
Educational institutions include the corresponding courses concerning power saving in their curricula.
Power savings stimulation is carried out by the following:
a) Granting of tax privileges to the enterprises-manufacturers of the power saving up equipment, techniques and materials, gauges, control and cost management of fuel and energy resources;
b) Granting of tax privileges to the enterprises using the equipment, working on nonconventional and renewed energy sources;
c) Priority crediting of measures on maintenance of rational use and economy of fuel and energy resources.
d) Establishment of the raised norms of amortization of a power saving fixed capital. It is done for the reduction of the taxable  income (profit);
e) Target state and other grants and irrevocable assignment for the performance of research work in the sphere of power saving technologies and nonconventional kinds of energy, for manufacturing and development of new kinds of power saving techniques and technologies.
The law on power savings provides economic sanctions for the prodigal expenditure of fuel and energy resources which are imposed for:
a) Prodigal expenditure and real loss of fuel and energy resources;
b)Untimely carrying out of expert inspection of use of fuel and energy resources;
c) Default or untimely performance of instructions of power saving state bodies on elimination of the facts of the prodigal and thriftless expenditure of fuel and energy resources.
The law provides obligatory state expert appraisal of power saving.  The following are the subject of the examination:
a) Projects of schemes of development and placing of productive forces, projects of development of branches of the national economy, territorial schemes of power supply, other pre-planned and pre-design documentation;
b) Power technological part of feasibility reports and civil-engineering designs of new and expansion (reconstruction, technical re-equipment, modernization) of the operating objects and the enterprises with annual consumption of fuel and energy resources in one thousand and more tons in recalculation on conditional fuel;
c) Projects of instructive-methodological and normative and technical certificates, building norms and rules, the documentation on creation and acquisition of new power-intensive machines, technology and materials, other documents and the materials regulating all kinds of activity in the sphere of power saving.
d) The state expert appraisal conclusions on power saving should consider specifications of the branch standards brought into accord with requirements of the Law «About Power Saving», and are obligatory for the performance.
e) The negative conclusion of the state expert appraisal on power saving is the basis for revision of programs and projects according to the expertise conclusion. The positive conclusion of the state expert appraisal on power saving is the basis for satisfaction of representation of the consumer of power resources on reception of grants, tax and financially-credit privileges at the expense of the means of the fund of power saving.
For the purpose of increase of competitiveness of the national economy the Government provides carrying out of reforms in economy key industries. In fuel and energy sector it is provided [52]:


Creation of the open, effective markets of energy carriers;


To stop free consumption of power resources;


Entering of payments for energy carriers only in the monetary form;


Introduction of financial and property sanctions in relation to debtors;


Maintenance of a free choice of suppliers of energy carriers;


To adhere to a market mechanism of formation of the prices;


Improvement of system of granting the state support to the coal branch , including for reconstruction of mines and cuts, efficiency increase;


To give up state subsidizing of separate branches of economy, including - agriculture;


Carrying out of privatization of the enterprises of a fuel and energy complex (thermal power station);


diversification of the sources of oil deliveries;


Expansion of use of nonconventional energy sources;


To stimulate introduction of mechanisms of self-financing of power savings Thanks to power saving it is possible to save over 40 % of total amount of consumption of power resources.
   From the Decree of the President of Ukraine . L.D. Kuchma «About the Decision of the National Safety and Defense Board of Ukraine of 14 February, 2000 on Urgent Measures of Overcoming of the Crisis in the Fuel-and Power Complex of Ukraine”: 

To analyse in two-month term the reason of technological losses of electric energy and natural gas, including during their manufacturing, transportation and consumption, to take measures on their reduction;


To reconsider the Complex Government Program of power saving, to take additional measures to mass introduction of power saving up technologies, in particular, by application of mechanisms of provision of economic incentives of economical consumption of energy carriers;


To apply time changes in the operating mode of the enterprises for the purpose of reduction of peak loadings in the electric power system of Ukraine;


To develop in two-month term the plan of the measures directed at reduction or phase-out of manufacturing  of power-intensive production at the state enterprises which is noncompetitive in the external and internal markets.

Speaking about power saving it is necessary to pay attention to the fact that it is the major direction of improvement of the ecological situation. The power saving will allow:

-
To refuse escalating of capacities of atomic power stations;

To lower emissions of carbonic gas in the atmosphere

LECTURE 2. THE SOLVING OF  QUESTIONS OF POWER SAVING AT DESIGNING OF SYSTEMS OF THE ELECTRICAL SUPPLY. POWER SAVING IN TRANSFORMER INSTALLATIONS.
Definition of rational voltage of the electric network. The choice of the location of power supplies. The choice of capacity of transformers of shop transformer substations. The choice of rational lines (TF). Calculation of losses of energy in transformers. Methods of optimization of operating modes of transformers: increase in factor of loading, definition of optimum quantity of simultaneously included transformers. 

1.
Definition of rational voltage of the electric network. [44, p. 10-12]

For last 15-20 years the character of power consumers in shop networks and manufacturing installations changed due to the increase in capacity of technological installations and units that has caused increase of individual capacity drive engines and other electric equipment. Now the general established capacity of low-voltage power receivers of the separate enterprises reaches 60-80 МW. Electric power losses in networks and reformative installations make 20 % of the consumed electric power. Thus there is a necessity in the optimum level of voltage. One of the ways to decrease losses of the electric power is transfer of external and internal electric networks of the enterprises into the raised voltage. Thus electric power losses are reduced proportionally to the square of the relation of voltage before and after the transfer.

The choice of the rational voltage is a complex problem. The voltage defines the possibility to use the elements of the system of electrical supply: networks, transformers, reactors, electric devices. On the one hand, the voltage growth leads to the decrease in losses of the electric power by its transfer on the networks of the industrial enterprise, and with another-it demands the increase in number of insulators, installations of more powerful support etc.
The level of voltage of each step of the system of electrical supply (ESS) should be chosen on the basis of technical and economic calculation.

The choice of the voltage of distributive networks is limited by three values - 6, 10, 20 kW. Besides, the application of the voltage of 6 kW is obviously irrational for newly constructed enterprises because of the raised losses of capacity and the electric power. The application of the voltage of 20 кW considerably reduces electric power losses in supply and distributive networks of the industrial enterprises.

To reduce electric power losses the voltage at the shop networks is to be not below 0.38 kW. The voltage of 0.66 кW has a number of advantages in comparison with the voltage 0.38 кW:
-Less nonferrous metal in which the power losses are less is used to build networks; 

- Electric motors of average capacity of 600-700 kW made on the voltage of 0.66kW have better technical and economic indicators than the engines of the same capacity on the voltage of 6, 10 кW;
Despite the expediency of application of the voltage of 0.66 кW in the combination with the voltage of 10 кВW at the industrial enterprises, introduction of the voltages is interfered by the absence of the sufficient nomenclature of electro-technical equipment, devices, the complete equipment on 0.66 кW , and  electric motors of 10 кW and 066 кW.
The calculations executed in one of project institutes, have shown that the construction of a  large petrochemical industrial complex with application of the  domestic electric equipment on 0.66 кW and 10 кW for the shops of only the  first stage of the industrial complex will allow to reduce  (in comparison with 0.38 кW and 6 кW) capital expenses, annual losses of the electric power for 10 million kW/h, the cable expense, and  production on 500 t.
1. The Choice of the location of power supplies. 
Placing ГПП and shop ТП in the corresponding centres of electric load corresponds to the minimum of the resulted expenses. [44, p. 17].
2.
The Choice of capacity of transformers of the shop transformer substations. 
At designing of the systems of power supply it is necessary to aspire to the  minimum necessary number of transformations as during each transformations 2-3 % of the transferred electric power are lost. [44, p. 12].
It is necessary to choose the capacity of power transformers according to the specific density of loading. At the specific density more than 0.2 0.3 кWА/м2 and the total loading more than 3000-4000 кWА it is expedient to apply shop transformers with the capacity of 1600 and 2500 кWА correspondingly. At the specific density and the total loading below these values the transformers with the capacity of 400, 630, 1000 кWА are the most economical. [61, p. 291]. 
ERRORS at the choice of capacity of transformers in the course and degree project.
At the installation of transformers with the  capacity of 1600 and 2500 кWА at several shops the distribution of electric power on the voltage of 0.38 кW instead of 10 кW is carried out, it leads to big expense of cable production, expensiveness of the network of 0.38 кW, to big losses of the electric power in this network.
3.
The Choice of rational power lines (PL)
-
Minimum possible length of PL;
-
Exclusion of the return capacity overflows 
4.
Calculation of losses of energy in transformers. 
5.
Methods of optimization of operating modes of transformers: increase in factor of loading, definition of optimum quantity of simultaneously connected transformers. 
At the industrial enterprise power transformers are installed on the main reducing, shop and special substations: converting, electro-oven, welding, etc. The electric power losses in transformers are inevitable; however their size should be minimized by the correct choice of capacity and number of power transformers, and also by the rational mode of their work.
[44, p. 14-15] Owing to unjustified overestimation  of the rated power of transformers in projects of the electrical supply connected with difficulties of practical use of techniques of GOST 14209-85 (absence of authentic schedules of electric loadings), carelessness of designers and their desire to be reinsured,  the majority of the power transformers installed at the industrial enterprises, are permanently under-loaded. 
Despite the possibility of overloading of r the two-transformer substations at the failure of the transformer which has remained in work to 1.4 from the rated power (in accordance with GOST 14209-85 no more than 4 h a day), under the t inspection of actual operational loadings of a great number of transformers it has been established that such loadings made up only 0.08 % that falls outside the limits the confidential interval of 0.98.
Besides, the instructions for the choice of transformers do not consider the influence of temperature of the cooling environment that also has affected the establishment of the norm of the emergency overloading. 
At designing of transformers the mid-annual value of temperature of the cooling environment equals to 20°С that is considerably higher than the mid-annual temperature of the majority of geographical areas of the country. Taking into account the fact that each degree of lowering of the temperature can cause 1 % increase of transformer loading comparing with the nominal capacity, overestimation of the fixed transformer capacity becomes understandable. 
The necessary calculated t capacity of transformers defined in the imperfect instructions under their choice on the scale of the rated power of produced transformers can be overestimated because of the big step of this scale. So, in accordance with GOST 9680-77 for the transformers used in the country, the scale step equals approximately to 1.6 whereas for the transformers which are produced for export, the step of the scale equals to 1. 25 which corresponds to the standard in the international practice. 
Dependence of EFFICIENCY of the transformer on factor of loading and 
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It is known that the transformer EFFICIENCY is not a linear function of loading and is expressed by the asymmetrical curve defined by almost independent of loading losses in the steel of the magnetic conductor and the losses in windings changing in square-law dependence.   
At the loading factor  
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Let's define, at what loading the losses in the transformer, related to the unit of the transferred capacity, will be minimum.

Losses of the active capacity 
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Related to the transferred capacity  
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Let’s define under which value of 
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Let's define a derivative and we will equate it to zero
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, we find 
[image: image12.wmf]к

х

2

з

2

н

P

P

k

S

S

D

D

=

=

÷

÷

ø

ö

ç

ç

è

æ

,            


[image: image13.wmf]к

P

P

k

х

з

D

D

=

   - at such factor of loading the minimum losses in the transformer related to the  unit of the transferred capacity are reached

Restriction of idling of the transformer. 
Besides, it is necessary to aspire to reduction of losses of the electric power by avoiding of the  idling of transformers at small loadings. This action is of special importance at the operation of shop transformers of the enterprises working in one or t two shifts, and alsoduring the days off.

Repair work, equipment tests etc. are usually conducted at free shifts or at the days off. For such works the electric power is also needed but in much smaller quantity, than during the working days.   Turning on of all shop transformers causes big irrational losses at the expense of losses of idling of transformers. For elimination of such losses it is recommended to develop new schemes of electrical supply, providing reserve communications (crosspiece) on the side of the lowest voltage of shop transformers. Thus,  it is expedient to supply electricity for the installations for repair work, night, security and emergency lighting on all territory of the enterprise, etc., putting into operation only one-two transformer in different points of the network.

In the conditions of the operating industrial enterprises because of absence of the designed schemes of such supply it is possible to provide an expedient operating mode of power transformers by insignificant reconstruction of the network. Restriction of the idling is also of great importance for such installations, as welding and electro-oven.

It is necessary to notice that work of transformers in a mode of idling or close to it causes excessive losses not only in the transformer, but also in all power supply system because of the  low power factor at the transformer idling. 
Definition of optimum quantity of simultaneously included transformers. 
At installation 
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 of transformers on substation the economic operating mode is defined by number of simultaneously included transformers providing a minimum of losses of the electric power. Thus it is also necessary to consider the losses of active capacity arising in the system of electrical supply on the power circuit from generators of power station to considered transformers because of consumption of reactive power made by the transformers.  The mentioned capacity  loss in the transformers (taking into account losses in the electrical supply system) 
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LECTURE 3. POWER SAVING  IN ELECTRIC NETWORKS. RATIONAL OPERATION OF THE SHOP EQUIPMENT.  INFLUENCE OF QUALITY OF ELECTRIC ENERGY ON ITS LOSSES.
Definition of losses of the electric power in electric networks. The basic methods of power saving in electric networks: pressure increase, power factor increase; reconstruction of the electric network; turning on  of the reserve transmission lines under loading; application of greasing for electric contacts. The choice of rational section of wires and cables. Influence of the quality of the electric power ( pressure deviation, pressure fluctuation, asymmetry of pressure, pressureunsinusoidality) on its losses.
DEFINITION OF LOSSES IN LINES AND NETWORKS
Electric power losses in the networks of electrical supply during 
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time  (h) can be calculated on the expression, kW/h in a general view 
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Where  
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 - Specific resistance of the conductor of the transmission line, Ohm/km; 
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- line length, km. 
For the definition of losses of energy under the formula (1) it is necessary to know the law of change in time proceeding in the area of the current. Generally it is a casual process. Three basic settlement methods of definition of losses of the electric power in networks are known: graphic integration, calculation of the root-mean-square (effective) current, definition of the time of losses. 

The square of the effective current is proportional to electric power losses. It defines the average heating of the conductor. The effective current
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If the loading current - casual process, as it is known, it is possible to express the effective value through the average value 
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The method of calculation of losses of the electric power in electric networks is stated in the recommendation Р 50-072-98 «Power Saving. The method of calculation of technological losses of the electric power in the networks of electrical supply with the voltage of 0, 38 to 110 kW inclusive». In this document the characteristic daily schedules of loadings of the transformer substations of 110-35.10 кW and 10.0,4 кW, supplying power to household, agricultural, industrial installations of consumers in the form of dependence of the average value and  dispersion of active and reactive  loading on time of the day ( production schedules per hour) are given. 

Electric power losses in the lines with symmetric loading are recommended to be calculated under the formulas.
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Where 
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- the time interval in which current loading is constant, h;
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 - Length of the line, km;
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 - Compound distance between the wires, m;
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 - Diameter of the wire, m.
BASIC METHODS OF ENERGY SAVING IN ELECTRICAL NETWORKS  [6, p. 20 - 
	?


	At what graph of electric load (assuming that the electricity consumed by the electrical installation is constant), the loss of power and electricity in the network will be minimal?
Answer: at the fixed time-table of loading: the variance of the load curve
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, the effective load equals to the average one. Therefore, the chart alignment of electrical loads is one of the methods of reducing losses in the electric networks. 



Transferring of the electric networks to higher voltage. Saving energy in the network by transferring it to higher voltage is determined, kWh 
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 - specific resistance of the wire, ohm / km; 
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 - line length, km.

Without the wire replacement
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Another way to reduce losses is to include the emergency line under the load 
? How will the loss of electricity change when the emergency line is connected under the load?
Since power losses in the networks are proportional to the active resistance of the wires, the parallel connection of two identical by length and cross section lines leads to the  loss reduction in the factor of 2.
Energy saving during the network reconstruction (replacing of the wires, changing of the the length of transmission lines without changing the voltage), 
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 - the line length before and after the reconstruction, km

.

CHOICE OF RATIONAL CROSS SECTION OF WIRES AND CABLES [44, p. 21-23]
The correct choice of cross sections with taking into account economic conditions is of particular importance for reducing losses in the lines.
Let’s recall the definition of the economic current density
 These costs for the construction of the transmission lines are composed of three components.
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- independent of the cross section (the cost of construction and operation of towers, insulators),
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-pproportional to the cross section of the conductor, equal to the reduced wire costs and overhead on their depreciation;
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 - Inversely proportional to the conductor cross section value equal to the value of annual energy losses in the line.
The reduced cost curve is flat. Since the Soviet Union focused on the economy of non-ferrous metal, the economic cross section smaller than the one corresponding to the minimum reduced cost is selected. This led to the overestimation
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 and, as a consequence, to the increase of losses in the lines.
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 (44, p. 21( ).

For bare aluminum wires the economic current density is 1,1-1,3 A/mm2, while in international practice it is below - about 0,6-0,8 A/mm2 that leads to the choice of the  large cross sections under the same conditions, and hence, to lower electricity losses in the networks due to their lower heat.

Importance of the economic cross-section depends on the ratio of the cost of electricity and electrically conductive materials. Therefore recommended in EMP numbers may not match the current economic conditions. In most cases, the cross  section selected by the criterion of the annual cost, is  2 - 3 steps higher on the scale of the cross sections than the cross section, calculated by the economic current density. 
The use of lubricants for electrical contacts. [62] 
Reliability and uninterrupted operation of the electrical networks to a large extent depends on the quality of the contact connections (CC). To increase the reliability of the CC the reduction and stabilization of the transition of electrical resistance are required which provides reducing of the power losses in the conductors, bus bars, etc.
According to GOST 10434-82 "Electrical Contact Connections. Classification. General Technical Requirements" for assemble of the CC the use of various means of stabilizing of the transition electrical resistance values is recommended. . However, traditional means of stabilization (disc springs, conical washers, fasteners, non-ferrous metals) are very scarce.

The urgency of this problem is connected with the extensive use of aluminum in electrical power networks and distribution networks of electricity supply systems. Under the conditions of operation within a year and a half after the assembly in the most aluminum contacts 3-5-fold increase in the transition of electrical resistance is observed , resulting in the increased heating and additional energy losses.

To reduce the transient electrical connection metal coating, metal contact junctions, the current fees (PT), as well as protective and sealing grease are applied. Today the best remedy is protective and sealing grease.

The composition of these lubricants includes powders, silver, zinc, copper, and corrosion inhibitors.
 The grease Superkont is  produced in Russia.  It contains copper powder and active corrosion binder.  The grease Superkont "works like a regular sealing grease under the temperatures up to 50  (. With increasing of the  operating temperature up to 100( the   ingredients begin to dissolve metal oxides converting them into the liquid form and removing the working area of the CC not affecting the metal itself. In case of further temperature increase (up to 600 ° C)  pyrolysis of the organic components occurs through the formation of carbon monoxide. The latter, being a strong chemical metal oxides reductant creates a reliable corrosion protection at high temperatures.

When assembling the contacts the copper powder lubricant Superkont "fills all the micro-and macro roughness of the contact surface, is pressed into a solid spongy conductive gasket, increasing the effective contact area in 5-10 times. Excess of the grease is displaced to the periphery, creating additional hydro-and acid-protection of the working area of the contact. 
We have also developed grease “Ekstrakont "intended for anticorrosion protection of movable electrical contacts of switching devices of the " knife "type, for impregnating of stranded compensators. Anti-corrosion protection is provided by selective dissolution of copper oxides, their transferring to a liquid state, followed by withdrawal from the work area.
Grease Ekstrakont "can also be used for fixed PKC, but its effectiveness will be somewhat lower than when conductive grease" Superkont is used.
The results of the test of the lubricants make it possible to conclude that their application provides:
• protection of electrical contacts when exposed to corrosive acids and alkalis, gases, dust and moisture during the entire period of operation of the CC;
• constancy of electrical parameters after prolonged multiple current overload and overheating  up to 250-350 ° C;
• reduction or elimination of the explosion and fire hazard networks;
• reduction of electricity losses in the network;
• increase of the life of contacts .According to the  regulatory documents after 500 cycles of heating for normal contact voltage the drop on them should not increase more than 1,5 times. It is assumed that when the critical values of the voltage drop are achieved the copper contacts can operate during three years. When specialized lubricants "Superkont " and "Ekstrakont" are used the lifetime increases significantly.

Saving of energy when using conductive grease to improve the functional properties and protect the electrical contacts is determined by the formula, KW
Energy saving when using conductive grease to improve the functional properties and protect electrical contacts is determined by the formula, KW
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where 8760 — the number of annual hours ду;

 
[image: image59.wmf]н

U

D

, 
[image: image60.wmf]к

U

D

— voltage drop across the contact without lubrication at the beginning and end of life, W;

[image: image61.wmf]н

 

c

U

D

, 
[image: image62.wmf]к

 

c

U

D

— voltage drop across the contact with lubrication at the beginning and end of life, W
I— value of operating current, kA; 

К—  number of standard contacts число стандартных контактов, pieces
According to the results of industrial tests of conductive grease on a large aluminum plant 192 standard contacts at 1000-A with the size of 50x50 mm gave savings amounted to 54,494.2 kWh per year.
According to the calculation using of 1 kg of lubricant “Superkont "provides energy savings up to 180 000 kW • h / year. The cost of lubricants at the beginning of 1997 made up 300 thousand rubles. (Russia). The cost of the implementation is  repaid as soon as possible.
The influence of power quality (voltage deviation, voltage fluctuations, unbalance-voltage, non-sinusoidal voltage) on its loss. [63, p. 52 -], [44, p. 39-44].
ADD [90, p. 54 -]
VOLTAGE DEVIATION


Of all the indicators of quality of electricity THE voltage deviations cause the most damage. 
Induction motors 
• at negative values of the voltage deviations the current consumption increases proportionately to the voltage reduce , which leads to increase in active power losses. [63, p.52] 
For asynchronous motors loss dependence on the level of voltage has a pronounced minimum at the  voltage of, somewhat lower than the nominal load factor Ks = 0.8 and above - with a load factor Ks = 0,85-1,0. 
• in t case of increasing of the voltage to 1% the reactive power the consumed by IM  increases by an average of 3% [63, p. 52]
Thermal-electric equipment 

• deterioration of temperature; 
• increase of the duration of the technological process; 
• overrun of electricity (heat becomes longer, so the heat loss will be larger) 
• Induction heating installations - the amount allocated in the metal heat is proportional to the square of the voltage supplied to the inductor. To reduce the consumption of reactive power capacitor banks the capacity of which is also dependent on the square of the voltage are connected parallel to the inductor.
 • Resistance ovens – the voltage decrease leads to poor performance, increase - to the reduction of life of the heating element. 
Electrolysis production. Prolonged voltage drop leads to the decrease in performance of the electrolysis baths and increase  of electricity cost. 
Distribution networks. When calculating the energy losses neglecting of the voltage deviation can lead to errors reaching 18-20% compared with the calculated one, obtained under the nominal voltage. 
VOLTAGE FLUCTUATIONS

Power loss in the network increases, (since the variance of the current is increased, thus increasing the effective inductive current). 
Melting time increase( increase power loss as at the same heat loss power heat loss will be greater due to the greater length of the process). 
Studies of the voltage fluctuations in networks with the sharply changing load revealed that the average power loss in the current-carrying parts of electrical equipment, including induction motors, and voltage fluctuations increase by no more than 2%, in synchronous-10%., 
VOLATGE UNBALANCE

Leads to:
• an increase in active power losses
Additional power losses at asymmetrical load are caused by the feedback sequence voltage

[image: image63.wmf]2

2

2

2

2

ном

Z

r

U

P

e

=

D

 , 

Where 
[image: image64.wmf]2

e

- asymmetry coefficient. ;


[image: image65.wmf]2

Z

 - impedance of the reverse sequence of elements of the power supply system
 If  
[image: image66.wmf]%

2

2

=

e

 relative increase in power loss 
[image: image67.wmf]ном

2

P

P

D

D

 makes up 2,4% for asynchronous motors, 4% — for transformers, , 4,2% —for synchronous motors of the nominal values;
· Underproduction of reactive power  made by capacitors and synchronous machines 
In synchronous machines, voltage unbalance causes additional heating, which leads to the need to reduce the total current and generated reactive power (for the synchronous motors with the asymmetry coefficient = 2% generated reactive power is reduced by 5-23%); 
• poor performance of single-phase power consumers that are connected for  the low phase (line) voltage; 
· Asynchronous motors. 
Resistance of the induction motors to the reverse order currents is 5-7 times smaller than the resistance to the currents of positive sequence, and the presence of even a small component of the negative sequence voltage causes the substantial reverse order current. This current is superimposed on the direct sequence current and causes additional heating of the rotor and stator. 
At asymmetric voltage the useful moment of induction motors is reduced in relation to the time at the symmetric voltage under the influence of reaction induced by the back sequence field. Decrease in the useful time of AM in relation to the time at the symmetric voltage approximately equals to the square of the coefficient of asymmetry. 
When voltage unbalance is 5%, the available engine power is reduced by 5-10%, with asymmetry equal to 10%- 20-50%, depending on the performance of the motor.
·  Condenser units
Connecting of the symmetric three-phase capacitor bank to the network with non-symmetrical voltage can cause even greater asymmetry. In addition, under the unbalance voltage condenser units are unevenly loaded by the reactive power per phase, changes in their total reactive power take place. Normal continuous operation of the condense unit is possible provided that in any phase (including the most heavily loaded) the power loss does not exceed the nominal principal value. This condition makes it impossible to use the reactive power in full set.

· Multi-phase rectifiers.
The asymmetry of voltage has the negative impact on the operation of multiphase rectifiers. If they are identical in all valves under the symmetric voltage (for example, in the bridge), then under the non-symmetrical voltage they may differ significantly. As a result, allowable power of the rectifier is reduced, as a part of the valve is overloaded.
NON-SINUSOIDAL VOLTAGE.

leads to:
• increase in active power losses
Power loss due to surface effects (AM, power transformers) increase. Losses at the harmonic frequencies in the network are active.
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In transformers, motors, generators, increase of resistances of the windings with increasing frequency is approximately proportional to 
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. In some cases, the related losses may lead to an unacceptable overheating of the windings of electrical machines and in all cases to additional losses of electricity. 
Losses from the higher harmonic components of non-sinusoidal currents are approximately 2-4% of the main ones

. 
• increased consumption of active and reactive power 
additional heating of the windings ofAM, due to the higher harmonic currents is determined.
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· Limiting of the sphere of application of capacitor banks.

In conclusion, it should be noted that in terms of actual energy saving the loss caused by the  reduced power quality within an acceptable range is of secondary importance, since they are small (2-6 ° / of the nominal).
 LECTURE 4. REACTIVE POWER COMPENSATION.
[15, p. 459-486], [64 pages] add [64, p. 195 - (high-speed static CS), an article about managed reactors, see the scannedПрослушать
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The transfer of reactive power to the consumer leads to additional losses of active power in distribution networks.
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 - respectively the components of active power losses from the transfer of active and reactive loads of the consumer. Additional losses 
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can be reduced if to offload the network from the transfer of reactive power. This is achieved through reactive power compensation in the place of its consumption.
The relative increase in active power losses in the transmission of reactive one 
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Reactive power load of the industrial consumer of electricity is usually of inductive character (induction motors, transformers etc.), i.e., the load current lags the phase of the voltage.
Compensating means-capacitor banks (CB), synchronous motors (SM) if are in the overdrive mode, synchronous condensers and some others consume the advanced current, i.e. consumed by them reactive power is opposite in sign to the reactive power load of the consumer. This gives grounds to assume that all compensating means are reactive power sources (RPS), which also can be placed in electrical proximity to the consumer load, unloading the networks from the transfer of reactive power from the power generators.
Calculation of payments for the consumption of reactive power.
Since 1997 the “Method of calculation of payment for the consumption of reactive power between the organizations which supply and consume the power” has been operating.  
In accordance with this procedure the fee for the consumption and the generation of reactive power is determined
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- the main fee for the consumption and generation of reactive power;  
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- Allowance for the lack of equipping of the consumer by means of reactive power compensation (RPC); 
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 -- Discount for the consumption and generation of reactive power by engaging consumers in an optimal daily regulation of the modes of the network of the power supplying organization.

The main fee for the consumed and generated reactive power is determined according
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 - Regulatory factor for damage made to the power supply organization of the generation of reactive power generation from the consumer network; 
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- economic equivalent of reactive power, which characterizes the influence of reactive power flow through the interface  of power supply organization and the consumer on the technical and economic indicators in backbone and distribution network, kW / kvar;
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The given by the district electrical networks fee for the reactive power is the product of
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Under the zone calculation the main fee 
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Allowance for the lack of equipping of the electric network of the consumer by means of compensation of the reactive power 
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In the absence of consumer equipment to monitor the flows of reactive power, the consumed power is determined by the consumption of active energy and
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If the point of the account of the electric power is on the side  of low voltage of the power transformer which is the consumer property, losses the reactive energy in the power transformer are defined by a calculation and are considered as the consumed reactive energy.
Thus, the technique provides:
· Economic compensation of losses of the active electric power caused by overflows of the reactive  capacity;
·  Provision of economic incentives of consumers to reduction of overflows of the reactive capacity;
· Regulation of overflows by consumers;
· Stimulation of consumers to the installation of devices of the account.
Consumers of the reactive capacity. Methods of reduction of consumption of the reactive capacity by electric power consumers. 
Consumers of the reactive capacity are the electric power receivers which work is connected by creation of the variable magnetic field, - asynchronous engines, induction furnaces, welding transformers, rectifiers etc., and also electricity transmission links - transformers, lines, and reactors. About 60 % of all the reactive capacity is consumed by asynchronous engines and about 25 % by transformers.
1. Transformers. Depending on the distance of the consumer from the power station and from the scheme the electric power transmission the number of steps of transformation of the voltage is in the limits of 2-6. Therefore the established capacity of all transformers usually exceeds the total capacity of the generators of the power supply system in several times.
The reactive capacity of the transformer consists of the reactive capacity of magnetization (capacity of idling) and the reactive capacity caused by streams of dispersion.
The reactive capacity of magnetization is connected with magnetic field formation 
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This component of the reactive capacity does not depend on the transformer loading, but sharply depends on the voltage. If the voltage increases in comparison with the nominal one the reactive capacity of magnetization grows not proportionally to the voltage  increase but much faster at the expense of sharp increase in  the current of idling. 
The reactive  capacity of dispersion is connected with the formation of the fields of dispersion of windings of the transformer because of imperfection of its design (the dispersion stream basically becomes isolated by air). It is equal to
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With reduction of loading the transformer power factor decreases, since the active capacity  to zero, and the reactive one - to the reactive capacity of idling. (
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For reduction of losses of the reactive capacity and energy in the transformers for magnetization it is recommended:
· To disconnect the transformers loaded less of 30-50 % of their rated power in a reserve, with the  transfer of the  loading into another transformer. 
· If the possibility of transfer of loading is not present, the replacement of the transformer of the overestimated capacity with less powerful is recommended. 
· Switching-off of the excessive transformer capacity during days off, lunch breaks, repair shifts;
Asynchronous motors
· At idling 
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· The reactive capacity of magnetization for the asynchronous motors in comparison with transformers makes the most part of all reactive  capacity of motors and is in dependence on the air backlash between the stator and a rotor within 
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	Nominal capacity кW
	1
	
	10
	
	100
	

	Usage coeff.
	Capacity coeff.
	Eff.
	Capacity coeff.
	Eff.
	Capacity coeff. 
	Eff. д

	0,25
	0,5
	63
	0,7
	83,5
	0,71
	84,5

	0,5
	0,76
	77
	0,83
	87,5
	0,86
	89,5

	0,75
	0,81
	79
	0,88
	88,5
	0,9
	91,5

	1
	0,86
	79
	0,89
	87,5
	0,92
	91,5

	1,25
	0,9
	77
	0,89
	86,5
	0,92
	91,5


	Dependence of 
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 AM on the capacity factor (15()
	Dependence of the AM efficiency on the capacity factor (по (15()
	Power factor makes up its maximum value if the capacity factor is near 1. The efficiency is maximal if the capacity factor is 0,75-1.
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· The reactive  capacity, consumed by the AM can be defined by means of its equivalent circuit.
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 - Losses of the reactive capacity in the AM on dispersion at the rated load.;
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With a view of reduction of consumption of the reactive capacity by asynchronous motors the following actions are applied: 
· Choice of the asynchronous motor with the greatest possible (on drive working conditions) frequency of rotation and with the least air backlash; 
·  Choice of the motor without excessive stocks of the rated power as  under-loaded motors work with low power factor; 
· Replacement of under-loaded motors by the motors of smaller rated power (replacement is obligatory, if the loading of motors is less than 45 %, at the loading of 45-70 % technical and economic calculation is required, at the loading over 70 % the replacement is inexpedient); 
 Switching сof the motor stator winding  from a triangle to  a star at long decrease in the loading below 40-50 % for the reduction of the value Qo of the motor at the expense of decrease in the phase voltage Uф in 
[image: image131.wmf]3

 time;
· Installation of terminators of idling of motors at the equipment idling; installation is obligatory, if duration of idling exceeds 10s.;
· Prevention of turning of the rotor at repair of motors as it leads to the increase in the air backlash and narrow increase in the reactive capacity of the motor.
Besides t the AM and transformers the reactive capacity is consumed by arc electro-oven installations, converting installations, induction furnaces.
The reactive capacity consumed by rectifier  
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 - rated power, a current хх and voltage кз of the transformer;
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 - Rated power of the rectifier;
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 - A regulation corner;
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 - A switching corner.
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Arc furnaces. Consumption of the reactive capacity by the arc furnace is caused by the necessity of the big enough corner 
[image: image140.wmf]j

 of the  phase lag of the  current and the voltage  for the furnace feed circuit. If the corner 
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 was equal to zero the alternating current arch was interrupted twice for one period during the simultaneous passing of sinusoids of the current and voltage through zero, because of that the temperature in the inter-electrode space reduced the productivity of the furnace and the quality of metal. To obtain the continuous arch burning inductance is switched on; due to what the burning of an arch at the moment of the voltage passing through zero is supported at the expense of the energy which has been saved up. Continuous burning of the arch turns out under the condition of
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 - is minimum necessary voltage for the arch burning. The arch burns continuously under the condition of
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. Besides the maintenance of burning of the arch, there are losses of the reactive capacity in the oven transformer and in the short network that leads to even bigger reduction of
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Consumed reactive capacity considerably changes, during the work cycle as during fusion the current makes 
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, and losses of the reactive capacity in transformers and lines are proportional to the square of the factor of loading, during metal fusion consumption of the reactive capacity sharply increases.
 Induction furnaces. The power factor is low: from 0,1 to 0,4-0,66. For the compensation of the reactive capacity consumed by induction furnaces the individual capacitor banks are installed .
Sources of reactive capacity. 
Sources of the reactive capacity are as follows: extended air and cable lines of electric networks, generators of power stations, synchronous motors and specially established compensating devices - synchronous jacks, capacitor banks of cross-section switching on, valve installations with special regulation, etc.
Advantages of synchronous compensators in comparison with capacitor banks: 
· Possibility of smooth manual and automatic control of the reactive  capacity by change of the current of excitation of the synchronous compensators;
·  Possibility of sharp increase of delivery of the reactive capacity due to the  excitation current overload  at the sudden and fast changes of the voltage  at the controllable point of the network,
·  Increase of stability of electric systems thanks to overload and de-forcing of the excitation of the synchronous jcompensator, 
· Possibility of consumption of surplus of the reactive  capacity from the network in conditions when it is impossible to lower the voltage in the given knot to the normal level by  other means
Disadvantages of synchronous compensators:
· Big in comparison with capacitor banks loss of active capacity (3-7 kw/mvar);
· Bigger  than for capacitor banks specific capital expenses;
·  Bulkiness: t big weight and vibration because of what the  installation of the SC on  the massive bases is necessary, necessity of application of hydrogen and air cooling with water coolers, 
· Necessity of constant presence of the operational personnel;
· Presence of rotating parts.
Advantages ofcapacitor banks:
· The set capacity of condensers can be received from small batteries, having approached them as much as possible to the  consumers;
· In the course of growth of loadings the escalating of capacity of the CB is probable;
· Simplicity of service; 
· Small cost; 
· Small losses of capacity;
Disadvantages of capacitor banks:
· If the network voltage falls   the capacitor banks reduce the delivery of the reactive  capacity proportionally to the square of the voltage while its increase is required;
· Regulation of capacitor banks of condensers is carried out only by steps and demands installation of expensive switching equipment for division of the bank into separate sections;
· Sensitivity to the higher harmonics; 
Therefore it is recommended to install capacitor banks as additional sources of the reactive capacity in electric systems of the industrial enterprises. 
Along with installation СК and   БК to compensate the reactive capacity the replacement of asynchronous motors with the synchronous is widely applied. High-speed synchronous motors for which the specific expense of the active capacity makes about 10 Vt/kvar are especially effective as sources of the reactive capacity and their optimum loading makes 
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of the nominal values. For the motors with frequency of rotation of 300-500 rpm 
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Thus, high-speed motors are effective sources of the reactive capacity for the shops. Low-speed synchronous motors work with 
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, close to 1, and are used as the  reserve of the reactive  capacity.
Choice of the installation site of capacitor banks .
1. Where it is more favourable to establish CB on the side of 10 кW or 0,38 кW of the shop ТS?
Reactive capacity of CB of the same capacity is proportional to the voltage square. Therefore the cost of the bank on the voltage of 0,38 кW is always higher than the cost of the bank with the same reactive capacity on the voltage of 6 (10) kW. Specific losses of the active capacity on generation of the reactive capacity for the capacitor banks make up:
	Nominal voltage  кW
	Active capacity specific losses кW/Мvar

	0,38
	3,5 - 4,5

	0,66
	3,5 – 4

	6; 10
	2 – 2,5


With this point of view it is more expedient to connect capacitor banks on the high side of the power transformer. But thus reactive loading of the transformer is not compensated. On the contrary, in case of the compensation of the reactive capacity on the side of 0,38 кW the  installation of the transformer of a smaller capacity is possible.
2. Individual compensation - the reactive capacity is compensated in the entire network, but the total capacity of compensating devices is big, they are used inefficiently, the capital expenses are great.
3. Group compensation- the capital expenses for the installation of the capacitor banks is less, but the reactive capacity is compensated not in the entire network, but only on the site up to the point of connection CD.
The optimum variant will be defined by technical and economic calculation. Thus it is necessary to consider:
· Cost of losses of the active and reactive  electric power in the network;
·  Capital expenses for installation of CD;
·  Capital expenses for shop transformers.
 Operating mode of compensating devices. Regulation of their capacity. 
· [15]
The primary goal of the operational personnel of the industrial enterprise is bringing of the degree of compensation of the reactive capacity to the value set by the power supply system at optimum use of all compensating means.
As electric power losses in СД at generation of the reactive capacity considerably surpass the losses in CB, the CB should be used in full force. 
As a rule, the schedule of work of the compensating means should correspond to the schedule of consumption of the reactive capacity of the enterprise. Regulation of operating mode of ИРМ should be carried out whenever possible continuously and automatically on the parametre set by the power supply system. The most perfect is the regulation of the reactive capacity by the influence on the regulators of excitation СД.
CB regulation is carried out discretely, by inclusion off of separate sections under the switching-off that leads to less exact regulation.
Usually the part of the bank is non-controllable the capacity of which is defined by the minimum daily reactive loading. 
In the absence of automatic control it should be replaced by the manual one carried out by the personnel on duty, by switching-on/off of the CB section (manually or distantly from a board) under the set schedule. For one-shift enterprises CB should be disconnected by the master on duty upon termination of the shift  and connected  before the work. 
It is the most expedient to carry out switching-off ИРМ or its parts during the hours of the minimum loading of the reactive capacity by the relay scheme and automatically
The greatest value has decrease in the reactive capacity made by the consumer during the hours of the maximum active loading of the power supply system.
· [64, p. 242]
For the regulation of the reactive capacity the automatic control of the excitation of synchronous cars and regulation of the capacitor banks is used. If required, to regulate the reactive capacity of the capacitor bank the partitioned schemes are applied. For example: fig. 
On fig. the partitioned scheme with three condenser batteries of a pas of each section is resulted. Each section is connected to tyres through switch Q1 calculated on switching-off of total power КЗ. Switches in chains of batteries Q2 are not calculated on it and serve only for switching at automatic control of capacity of condenser installation. At failure on what or the battery the switch q1 at first is disconnected, then the impulse on switching-off of switch Q2 of the damaged part then switch Q1 again joins moves a food of the remained batteries of section is restored. As switches Q2 it is recommended vacuum, air or gas the switch calculated on big count operations) on a low voltage - контактор).
At коммутировании БК arise an overstrain and current throws, in particular at inclusion for parallel work with other batteries or sections. The special high-speed switches having risen wear resistance contact and mechanical parts, calculated on such throws and supposing frequent switching are necessary. 
In the fig. the partitioned scheme with three capacitor banks on each section is given. Each section is connected to the tyres through the switch Q1 calculated for the switching-off of the total power of КЗ. Switches in chains of the capacitor banks Q2 are not meant for this and serve only for switching at automatic control of the capacity of the condenser installation. During the failure of any bank the switch q1 is disconnected at first, then the impulse on switching-off of the switch Q2 of the damaged part is sent, then switch Q1 is switched off again and the power supply of the remained banks of the section is restored. As switches Q2 it is recommended the vacuum, air or gas used for the big number of operations on the low voltage – (contractor).
During the CB commutation over-voltage and current throws occur, in particular at switching on for the parallel work with other banks or sections. The special high-speed switches having high wear resistance of the contact and mechanical parts, calculated on such throws and allowing frequent switching are necessary. 
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.For elimination of transients at switching instead of switches or automatic switches tyristor keys can be used. They allow switching the capacitor banks while the voltage on condensers equals to the voltage of the network. They can be  disconnected when the current in condensers is equal to zero.
At three-shift work with an equal production schedule, and also on a small enterprise with one-shift work the regulation, as a rule, is not applied. Total capacity of non-controllable parts of the CB should not exceed the least reactive loading of the enterprise. The regulation of the capacity of condenser installations can be automatic, manual or dispatching. Automatic bank regulation can be carried out on voltage, reactive capacity, time of days and under the combined schemes depending on several factors. The most expedient is the automatic control of the reactive capacity that allows supporting the necessary level of consumed reactive capacity during the periods of the maximum and minimum of loading of the power supply system.

LECTURE 5. ECONOMIC OPERATING MODES OF ELECTRIC MOTORS. METHODS OF INCREASE OF PROFITABILITY OF THE ELECTRIC DRIVE.
44, 45 to add [45, p. 101], [45, p. 50, p. 55, p. 79], 

The electric drive is the basic consumer of the electric power since more than 60 % of the electric power will be transformed to mechanical work by the electric drive. Useful work realized by the electric drive is connected with the following processes:

· Change of the potential energy of the technological object;

· Change of the kinetic energy of the object;

· Change of the  internal energy of the object;

· Change of the geometrical sizes of the object.

Power saving actions aimed at the rational use of electric drives can lead to 5-30 % saving of the electric power. [55, p. 17]

Actions for electric power saving 
· Replacement of under-loaded engines by the engines of smaller capacity.
Practical work  82, p. 88 
Dependence of efficiency and 
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 of the AM on the loading factor
 In tab. and fig. the dependences of relative values of efficiency 
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 the AM on the loading factor are given.
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From dependences 
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 it is visible that under-loaded engine possesses considerably worse power characteristics.
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The maximum efficiency of the AM of the series 4А is necessary on values of factor of loading 
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Rated power of electric drives of compressors, pumps, fans are overestimated in 2-3 times. [55, p. 16]
Machine tools were chosen proceeding from the conditions of processing of details of the greatest sizes. It led to under-loading of the tool park. 
Replacement of under-loaded electric motors by the engines of smaller capacity. At average loading of electric motors less than 45 % of rated power its replacement on less powerful ones is always expedient, and check of the calculations is not required. At loading of the electric motor more than 70 % of rated power its replacement is inexpedient.
At loading of the electric motor within 45-70 % of rated power the expediency of its replacement should be confirmed by reduction of total losses of electric energy in electric motors and networks as a result of the carried out replacement according to the expression
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Where 
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 - efficiency of compared engines at the set loading, related to the unit, 
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 - tangent of the  angle on which the phase of the  current of the engine concerning the voltage is shifted; 
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 - factor of change of losses – takes into account the  active capacity losses in the  network because of the transfers of the reactive one on it , kw/kvar (see lecture 2).

· Use of highly effective electric motors. 
In comparison with standard electric motors the application of the highly effective electric motor will allow to raise power efficiency on 2 % - for the engines of bigger rated power, and 8 % - for the engines of smaller rated power. The pay-off of additional capital investments does not exceed 1 year. Engine parts have bigger service life. [56, p. 167]
Increase of rating values of efficiency and 
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 in the power saving engine is reached at the expense of increase in weight of active materials (increase of efficiency and 
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 for some percent is reached at the expense of increase in weight of iron at 30-35 %, copper - on 20-25 %, aluminium - on 10-15 %)
To add 45, p. 35, rice 1.13 
In the USA since 1997 the law on which heavy fines for delivery and manufacture of electric motors with low efficiency are imposed operates. …
· Choice of engines with higher power indicators
When choosing an asynchronous engine it is necessary to give preference to the engines with the short-circuited rotor having higher efficiency than the engines with a phase rotor.
Low-speed engines have larger volume of magnetic core, therefore their application should be limited whenever possible.
 ??? Here replacement of AM by SM
· Installation of engines of the closed type only in those places where it is regulated PUE. The engines of the open and protected types have the best power indicators. In closed and AM the volume of the magnetic chain is increased in comparison with the engines of usual execution. They consume big reactive capacity.
· Application of terminators of idling of engines
In the mode of idling with duration 
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 – reactive capacity of the electric motor at the rated load. For rough calculations it is possible to use the formula
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Application of terminators of idling is efficient when duration of idling exceeds 10s. At smaller duration it is necessary to use nomograms resulted in reference books. 
it is possible to define extremely supposed duration on expression
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 - energy losses at start-up and braking, kW*h;
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 - The capacity consumed by the engine and the mechanism idling, kW.
· Replacement of rotating converters with the static. The efficiency of semi-conductor converters makes 96 96,5 %. Their application provides noise decrease, allows cleaning rotating parts, to raise reliability, to increase efficiency, and provides economy of the electric power.

· Installation of synchronous engines instead of the asynchronous. Advantages of synchronous engines in comparison with the synchronous: higher efficiency (1-3 % higher); smaller sensitivity to voltage fluctuations in the network; smaller sizes;  big reliability.

· Rolling technology 
· Decrease in losses at rheostat start-up of asynchronous engines. At construction and adjustment of schemes of rheostat start-up of asynchronous engines with the phase rotor the  deviation of parametres of the starting mode from design values (for example increase in duration of start-up in comparison with design); increase in resistance of steps of starting rheostats above the necessary; constant inclusion of resistance in the rotor  chains of engines can take place. For decrease in losses of the electric power elimination of the specified factors is necessary.

· Tap and use of heat of electric motors. During the development of power saving actions it is necessary to consider the possibility to tap and use of heat of electric motors and rheostats for heating of premises, especially cabins of machinists in which for these purposes electro-heating devices are installed.

· Correct choice of the electric motor according to the type and capacity at the design stage and during operation.
· Synchronization of asynchronous electric motors with the phase rotor.
The synchronized AM in the start-up mode works as a usual asynchronous engine allowing regulation of the starting moment at the expense of change of active resistance in the chain of the rotor. In operating conditions the synchronized engine possesses properties of the synchronous engine.

Research has shown that at synchronization the efficiency of the AM increases on the average by 0,5 %, and the power factor - on 15 %. [44, p. 99].
· Improvement of quality of repair of electric motors
At carrying out of repair of engines decrease in their power indicators (efficiency. and
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) which can take place at turning of rotors, reduction of number of conductors in a groove and расточке grooves, and also at a burning out of windings is inadmissible.
Decrease in power indicators of engines in comparison with ratings in the course of their operation leads to increase in capacity of idling, and consequently, to the raised consumption of active energy.
· Replacement of a non-controllable drive with the regulated.
At transition to the adjustable electric drive the economy of energy is often reached not at the expense of own drive, but at the expense of that process, which drive serves, and the economy surpasses the own consumption of the electric drive many times e. For example, change of speed of the pump supplying hot water into the building provides essential economy of expensive hot water.
It is obligatory to add: 45, p. 50 …. , 
· Use of energy of sliding the AM with a phase rotor. [45, p. 101] For regulation of speed the AMs with a phase rotor additional resistors are introduced into the rotor chain. It essentially worsens the electric drive efficiency on adjusting characteristics as the allocated in rotor resistors energy is wasted. We will approximately estimate the degree of deterioration of efficiency the AD. Thus we will not consider the loss in the stator windings and magnetic core. 
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I.e. the efficiency is proportional to the speed. For example, at a speed equal to a half of the synchronous 
[image: image183.wmf]5

,

0

»

h

 such decrease in efficiency leads to increase in the expense of the electric power.
For the use of energy of sliding it is necessary to include the converter of electric energy in the chain of the rotor. There are two possibilities for useful use of energy of sliding: its return to the power line or on the engine shaft.
·  For returning of the energy to the power line the frequency converter is included between the rotor and the network to coordinate the variable amplitude and frequency of the current of the rotor with the corresponding parametres of the network. Schemes of the asynchronous electric drive with static converters in the rotor chain are called valve cascades (fig. 1).
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The schemes of the valve cascades in which the frequency converter consists of the rotor rectifier conducted by the network of the inverter and the throttle (the throttle carries out a filter functions in the chain of the straightened current) are most widely spread. The transformer is necessary for the coordination of the voltage of the inverter and the network.
Energy return to the electric motor shaft is carried out by the electromechanical converter (fig. 3), consisting of the rectifier and the direct current machine.
The less capacity of the converter is and the more energy is recuperated to the network or the engine shaft, the higher the efficiency of the valve the cascade is. Therefore it is expedient to apply АВК first of all to the electric drives of the big capacity with a long operating mode and a small range of regulation of speed. АВК are widely applied to regulate the  speed of fans, pumps, superchargers, compressors.
The disadvantage of the valve cascade is the low power factor as the active capacity consumed by the electric drive is equal to the difference of capacities brought to the stator and recuperated to the converter, and the reactive capacity is equal to the sum of the reactive capacities the AM and the converter.
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LECTURE6. POWER SAVINGS IN TECHNOLOGICAL INSTALLATIONS FOR MACHINING
[15, p. 400-405], [57], [6]
Metal-cutting machine tools are the most numerous working machines among all groups of the industrial machines working with the electric drive. They are as follows: machines for processing of details, materials and products by the methods of cutting, punching, forging, and polishing.
Processing of metals on metal-cutting machine tools is characterized by:
· Big variety of technological processes and modes;
· Non-uniformity of loading of the working machine;
· Inter-operational breaks.
Actions for economy of the electric power:
· Reduction of allowances and change of the form of the billet for the purpose of its approach to the finished article form. 
The basic operation in machining shops is processing of billets by cutting for shaving removal. The quantity of the removed shaving from the billets is in the limits of 50-70 % of their weight, and for removal of 1 т of metal at the processing of steel of average hardness made on lathes150 кW*h and more is spent. Reduction of allowances on the metal wear billets, for example at the expense of precision casting, gives the economy of the electric power up to 50 %. Reduction of the allowances is reached by perfection of quality of the billet casting, reduction of the allowances to their minimum admissible values.
The technique of electroslag casting (ESC) is applied to manufacturing of heavy high-quality billets (ЭШЛ). This method provides the possibility of getting billets close in the sizes to a ready-made unit with high quality of metal.

The essence of the method consists in re-melting  by the heat spent by the electrode  and generated in synthetic slag by electric current, and filling of the water cooled metal form (crystallizer) repeating the form of the cast  with the fused metal.  When drops pass the fused metal through the overheated slag the metal refinement occurs. The dense structure is provided at the expense of the directed crystallization and small volume of the fused metal. Cast close to the ready metal article by its form is obtained. By its mechanical properties it is not worse than the deformed metal. Introduction of the process of electroslag casting allows:

· To make difficult high-quality billets;

· Essentially reduce the metal expense (economy on weight is up to 60 %) at manufacturing of the articles from electroslag cast in comparison with their manufacturing from forged piece;

· To reduce considerably machining volumes.

· Manufacturing of details from metal powders. 
Application of this method allows receiving various as to the purpose products with a wide range of physical and mechanical and other special properties at the minimum subsequent mechanical completion with smaller waste of initial materials.
Received billets have density and strength characteristics close to the rolled metal.  On powder details high quality of galvanic coverings (oxidation, zinc plating, chromium plating) is provided.
Technological process of manufacturing of the product consists of following basic operations:
· Powder sifting on vibrating sieve; 
· Metering of the components; 
· Mix preparation in the amalgamator;
· Cold pressing of the billets; 
· Heating of  the billets by currents of high frequency;
· Warm forming;
· Cooling of the billets, normalization; 
· Clearing of wire-edges and scale;
· Machining.
Introduction of this technological process allows to reduce machining, to save the electric power and metal.
Change of methods of processing of products. 
Replacement of unproductive, uneconomical methods of processing by the power saving up: punching forging, threading by knurling or upset forging, processing by cutting and cold punching.
Replacement of turning processing by upset forging. For example, at manufacturing of fixing details (bolts, nuts, hairpins etc.).
This leads to :

· Decrease in the consumption of the electric power for example, at upset forging  of bolts - in 13 times;

· Productivity increase, (at upset forging of bolts the productivity raises in 43 times)
·  Economy of metal (at upset forging of bolts - 40 %).

Gear knurling.

 Process of manufacturing of gears includes the following operations: punching the billets in forge shop, turning and cutting of teeth in machining shop and thermal processing; all these operations are power-intensive, metal waste in forge and mechanical shops exceed 50 % of the weight of the billet. One of the ways of economy of metal at manufacturing of gears is replacement of cutting of teeth knurling by with the application of induction heating. Power efficiency of the knurling consists in economy of metal.

Transfer of processing of products from planing to high-speed milling gives decrease in the consumption of the electric power to 50 %. Introduction of high-speed drilling and grinding cuts expenses of the electric power on 25 30 %.

· Choice of rational process of cutting.
The specific expense of the electric power increases proportionally to the decrease of the removed shaving. Therefore when choosing the process of cutting on various types of machine tools it is necessary to consider the proportion of specific consumption of the electric power for different types of metal working:


[image: image184.wmf]т

уд

уд

A

A

=

a

,

Where 
[image: image185.wmf]уд

A

, 
[image: image186.wmf]т

уд

A

 - the specific consumption of the electric power on 1 т of the removed metal for considered and turning machine tools accordingly.
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	drilling
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	milling
	3
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· Application multi-spindle machine tools instead of one-spindle for simultaneous drilling of several holes in a product. It gives the economy of the electric power on 20 25 % and reduction of duration of processing.

· Performance of milling works with the installation of several mills on one machine tool gives economy of the electric power on 30-50 % and reduction of duration of processing.
· Simultaneous processing by one cutting tool of two or several products on one machine tool. Thus the tool constantly or a part of the time machines two or several products - economy of the electric power thus reaches 30-50 % and the duration of processing is reduced.

· Rational use of working machines.
In practice working machines often work with incomplete loading and considerable inter-operational idling. In this case their efficiency strongly falls. Under-loading of the working machines leads to substantial growth of specific consumption of the electric power by the unit of useful work. 

 With change of loading of the working machine its efficiency falls much faster than that of the electric motor. Therefore under-loading of the working machine from the power point of view has much bigger value, than under-loading of the engine.

Why does not the engine efficiency begin with zero?
· Replacement of under-loaded electric motors
Replacement of under-loaded electric motors with the electric motors of smaller capacity is expedient for economy of the electric power if the electric motor is chosen incorrectly and has the overestimated capacity in comparison with the capacity of the working car.
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It is necessary to approach to electric motor replacement cautiously as decrease in capacity of the electric motor of the working machine can lead to under-exploitation of the machine and to the damage higher than the economy reached by the decrease of losses хх and increase 
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· Change of parametres of cutting
Technological process of removal of shaving from the product is characterized by three parametres: 

Giving 
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Product 
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 defines the volume of the shaving removed from the product in a unit of time and characterizes intensity of cutting. The increase in intensity of cutting in certain limits reduces the specific consumption of the electric power on the product processing. It is reached by increase in parametres of cutting (separately or in common).
At feeding increase the specific consumption of the electric power decreases. At optimum geometry of the cutting tool and its maximum feeding the consumption of the electric power on a ton of the removed shaving can be lowered to 50 ' %. Thus the productivity of the machine tool increases in 2-3 times.

At increase in depth of cutting the growth of intensity of cutting exceeds the power consumption increase and the specific consumption of the electric power on useful work, hence, decreases. At increase in depth of cutting within 2 4 mm the specific consumption of the electric power decreases on 20 %.

The increase in speed of cutting does not give essential decrease in the specific expense of the electric power owing to sharp increase in the capacity consumed by the machine tool.
· Mechanisation and automation of auxiliary operations (installation of details on machine tools and their removal etc.)
· Automation of sample-probes of ground products serves for automatic definition of the termination of grinding. Devices with a cam or measuring heads with the indicator according to which the moment of the termination of processing is defined are applied for this purpose.  It gives decrease in the consumption of the electric power in 2-3 times.

· Increase of the share of the compression-type equipment in the total number of the metal-cutting equipment. Application of the compression-type equipment gives the chance to come from machining to obtaining of exact billets and pieces which will be exposed only to finishing operational development that will allow cutting down sharply electric power consumption for the machining processes.

· Productivity increase in cold punching presses. 

Punching of the products demanding several punching operations is made on one press with the application of the combined stamps and automation of the installation, moving and removal of the finished article from the stamp. The economy of the electric power depends on quantity of common made operations.

· At time reduction of the punching press at the expense of mechanization of the installation and removal of the product from the stamp the possibility of work of the press on "self-feed” with constantly switched on friction is provided. The energy consumption and machining time are reduced 3-4 times. 
· Introduction of progressive technological modes and methods of work of the equipment. 

Considerable economy of energy gives the increase of speed of cutting, increase of feeding of the cutting tool, reduction of number of allowances at rolling, introduction of optimum temperature modes of heating and heat treatment of metals etc. The increase in speed of cutting at machine tools with 50 m/mines to 200 m/min reduces the consumption of the electric power on 17 %. Application of high-speed melting at an optimum mode in a combination with organizational actions reduces the consumption of the electric power on 20-30 %.

· • Use of improved tools for improving the technological parameters of work. 
 The use of tools (from the sintered alloys, cutting tools and cutters with a new progressive geometry of cutting edges, modulator, dispersed emulsion, etc., makes it possible to improve the technological parameters of-processing of the  components, reduce processing time, improve the quality of machined parts and lower electricity unit costs. 

• Work only with a sharp instrument. Work on machines with a blunt instrument increases the power consumption of products processing to 30%. 

• Introduction non-engine technological use of electricity. The greatest effect of the application of power is achieved when the electricity goes directly for technical operations (spark, electro-thermal, beam, ultrasound treatment, electrostatic cleaning and painting, electron-ion technology, etc.). 

• Replacement slider bearings for the ball bearings in production machines reduces the energy consumption up to 12%. 

• Timely (in accordance with the local schedules and manufacturing instructions) and high-quality grease (with oil, corresponding to the given machine) of production machines saves electricity energy to 10%.
LECTURE 7. SAVING MODES of melting furnaces. 
[84], [87], [88 - p. 186-188 steelmaking technology +] 

ADD [94, p. 45-49] - scanned 
Steel output in the DSP. Basic process. Stages: 
- Melting; 
- Oxidation - cleaning of steel from carbon, phosphorus, and other metals. Carried out by their oxidation at the expense of iron oxide contained in scrap (rust, iron ore) or by blowing it with oxygen. Oxides rise to the surface of the bath and are combined with lime slag. All oxidation reactions are exothermic. After the end of the oxidation period the furnace slag is discharged for the impurities not to return to the metal. 
- Refining- removal of sulfur from steel. A new lime slag, in which sulfur is transferred by diffusion, is suggested. For this metal is overheated and deoxidized - the oxygen is removed from it by the addition of deoxidizing agents - substances that are able to connect with oxygen. . These are carbon, silicon, manganese. (Silicocalcium, silicomanganese). Deoxidation products float to the slag (oxides of manganese, silicon), or are disposed in the form of gases (carbon monoxide). The reaction of fixation of sulfur slag is endothermic. 
- At the end of refining the alloying elements are introduced, which leads to the given composition of the metal. 

Energy balance of DSP [84, p. 6 -] 
When w DSP working with fuel-oxygen burners without heat recovery of exhaust gases and cooling of water the energy balance equation has the form of 
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where -
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- the electricity consumed by electric furnace installation of the DSP system; 
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- Heat energy of the metal charge and gas entering into the workspace; 
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- The energy of chemical reactions (chemical energy of exothermic and endothermic reactions of oxidation, the and slag-forming including the energy of oxidation of graphite electrodes); 
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- The amount of heat energy introduced  into the workspace using the DSP fuel-oxygen burners; 
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- Thermal energy of the drained liquid metal; 
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- Electrical losses in transformer and secondary conductor; 
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- Heat loss from the workspace of DSP; 
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 - Change of thermal energy stored by the furnace lining. 
As to the credit balance 
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is the greatest value. Depending on the process it varies widely: in re-melting process it can make up 100%, in the process of using of  pre-heated mixture, the fuel-oxygen burners, and large amounts of oxygen, this value may drop to 60% of the total arrival of the energy per cycle.
Thermal energy 
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 at the widely adopted preliminary heating in loading baskets of charge mixture to temperature of 450-550С makes up 10-12 %.
At use of fuel-oxygen burners and oxygen the thermal energy of chemical reactions can reach 30-35 %. Therefore effective utilisation of 
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 in many respects defines power efficiency of DSP.
Arrival of heat 
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 depends on capacity and duration of work ТКГ and can reach the values comparable with 
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Useful heat 
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is defined by  temperature of metal at its release from the furnace and specific amount of slag on 1 т of the melted metal. Depending on these factors 
[image: image209.wmf]м

W

 fluctuates in a range of 400-500 кW*ч/h and makes up 55-65 % of the general power consumption.
Electric losses 
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 depend on the design of the secondary conductor, parametres of the electric mode, stability of burning of arches. Values of these losses make up 6-13 % 
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Losses of heat from working space 
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 reach 30 35 %. They are developed of losses:
· Through fettling 
· With cooling water;
· Radiation and convection  by the open working space (at the taken away arch) and through the open window;
· With waste gases.
Estimation of power efficiency of DSP. 84, p. 21].
EFFICIENCY:
 - Electric 
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 - estimates efficiency of the installation as a whole
Or 
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 estimates efficiency of transformation of energy in working space of DSP;
The general 
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In process of fusion EFFICIENCY of DSP changes: it has the greatest value during the closed burning of arches in thickness of the metal charge mixture in fusion (thermal losses are the least since walls and the arch are screened from the arches by peripheral layers of poorly heated charge mixture , the energy allocated in arches is used most full), the EFFICIENCY reaches values of 0,9. Finish melting of the charge mixture masses lying on the slopes of a bath removed from a zone of burning of arches occurs in unprofitable conditions that lead to decrease in EFFICIENCY.  Deepening of arches in liquid metal (at the expense of formed by an arch on a surface of liquid metal hole which depth increases with the increase of arch current) and increase in a layer of slag promote
· EFFICIENCY increase at heating of a liquid bath. As energy of chemical reactions, preliminary heating шихты, intensity of application of oxygen make considerable impact on the value of EFFICIENCY the more exact power efficiency of DSP is characterized
·  by specific expenses of electric power
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· Actions for economy of the electric power
· The choice of a rational electric mode of melting is carried out for each period of melting.
Electric characteristics are formed according to expressions 87 
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Active capacity
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Where 
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 - total reactive resistance of a throttle, the transformer and the short network;
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 - Total active resistance of the transformer and the short network;
Performance data: 
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 - Hour productivity, t/h
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 - The specific consumption of the electric power, кW*h.т;
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 - Time of fusion 1 т of steels h/т;
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The analysis of working and electric characteristics of the furnace shows:

1. The greatest capacity is allocated in the arch at current 
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. Therefore fusion is minimum, and productivity of the furnace is maximum.

2. The specific expense of the electric power is minimum, and the efficiency is maximum at current 
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 (the  point of the  optimum power mode). 
3. The optimum power mode and mode of the maximum productivity do not coincide.

4. The current between 
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 and 
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. correspond to an optimum mode. The minimum cost of fusion of metal corresponds to the optimum operating mode. 
5. Decrease in the  current and voltage  increase on the arch are expedient and with a view of decrease of consumption of not only electric power but also power-intensive and expensive graphite electrodes. I.e. more economic is the operating mode with long arches (at smaller values 
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 and great values 
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 correspond to this mode there. The operating mode with long arches after t he fusion termination (charge mixture does not screen walls from radiation of arches any more) became possible thanks to occurrence of the water cooled panels which have replaced fire-resistant fettling of walls and the arch and allowed to increase thermal streams on these elements of the working space.

6. The optimal electric mode is work throughout all fusion at the higher step of voltage at the maximum values of capacity, lengths of arches and 
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 and rather small current
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allows  to provide the highest productivity, to reduce the consumption of the electric power and electrodes.

Reduction of the expense of the electric power 
.

· Preheat of metal charge by the heat of exhaust gases or additional fuel
· More complete use of the heat of chemical reactions (oxidation of extra oxygen carbon or iron by oxygen) 
• Increased consumption and  degree of efficiency of usage of fuel-oxygen burners 

Reduction of electrical losses. 

Short network consists of series-connected secondary side of transformer busbar, flexible conductor, busbar of the electrode sleeves, the electrode. 
The 100-ton EAF is characterized by the following distribution of losses on sections of the secondary conductor: Transformer - 8-13%, tire package - 4-8%, flexible cables - 13-20%, conductive pipe and electrode, 8-10%, the electrodes - 56 -59%. 

· Reduction of the length of secondary conductor of the furnace transformer (is achieved through the rational and the relative position of the furnace transformer). 
- Reduction of losses from eddy currents and magnetic reversal in structures placed near conductors of the short network. Massive metal constructions should be produced from nonmagnetic materials or remove conductors from the metalwork to a distance of not less than 0,4 m. Eddy currents can cause overheating of metalwork, the burn of bolting, welding of  plug-type connections. To eliminate these currents electrical inserts breaking the chain contour are used. 
- The right choice of the sections of conductors - in accordance with the recommended values of current density for the secondary conductor tyres. 
- Decrease of  resistances of detachable joints: application of lubricants, forced removal of heat from contact surfaces, protection of the  contacts from the heating by the surface radiation and from hot gases, silver contacts, the use of spring washers to ensure  constant pressure. 
- When the split contact can be replaced by the welded, it is advisable to apply the weld tires. 
- Reducing of resistance of electrode-electrode. Losses in electrical contact electrode- electrode reach 6.2% of the power DSP. Electrical losses in the electrode depend on the material of  contact cheeks (steel is replaced by copper), the clamping force of the electrode (with increase in contact pressure from 0.5 to 2 MPa, the resistance decreases by 2 times), shape and condition of the contact surfaces
· Reducing of the inductive reactance of the secondary conductor. For a given power level at 
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 the oven operates at lower currents with value greater than  
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is  appropriate to a certain limit to avoid deterioration of combustion stability of the arcs. 
Decrease in reactance of furnace installation is achieved by reducing the voltage of furnace transformers up to 4-5% instead of 8-11% by reconstructing of the latter; the use of "blending" of a parallel beam of tires for the phases  from the furnace transformer to the flexible cables, which reduces the inductive reactance of the beam of tires at 30-50% compared with non-charged tires; application of the tires with a large ratio of perimeter to the cross section, which reduces the effect of surface effects. 
- Providing of constant power on a number of upper stages of the voltage.( 84 ( The presence of  constant power levels in a wide range of secondary voltage can significantly reduce losses due to work during the period of melting at lower currents. 

Improved stability of burning arcs. Unstable burning of arcs leads to non-sinusoidal voltage (increase of reactance), strengthening of the surface effect, hence to increase in losses. Preliminary heating of the metal charge, the use of fuel-oxygen burners helps to reduce the period of unstable burning of arcs. 
- Change in short-circuit network. [15] Short-circuit network has a significant influence on the active and reactive resistance on the efficiency and 
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 of the furnace installation. 
The existing electric furnaces operate according to the network short circuit s - the triangle on the busbar of the transformer, the star of the electrodes, which has high inductance and pronounced asymmetry of the load distribution over the phases (Fig. 4-30). 
Short circuit network schemes have significantly better performance - asymmetrical triangle on the electrodes (double-bifilar short chain) and the symmetrical triangle on the electrodes with the fourth arm (three-bifilar short network). 
In these short circuits networks: 
the average resistance of the furnace installation decreases in 1,2 and 1,5 times, respectively; 
the average inductive resistance of the furnace installation decreases in 1,1 and 1,4 times, respectively; 
the phenomenon of "wild" and "dead" phase is smoothed out; 
 the duration of melting is shortened in 10-15%; 
the furnace installation 
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is increased in 0,01-0.02; 
specific energy consumption is reduced by 9-10 kVt'h / t. 
SCHEME OF SHORT NETWORK SM. In [89, p. 88-91] ADD! - 
. To compensate the increase in active resistance because of surface effect a low voltage busbar with a small ratio of thickness to height for a rectangular bar or to the diameter to the tubular conductor is recommended to perform. Graphite electrodes in comparison with the coal ones have lower electrical resistivity of 4-5.
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Heat losses reducing 


• Losses from the outgoing gases make up for 15-17% of energy consumption. 
- Installation of a reliable seal of the input of the electrodes in the furnace. 
- Reducing of the suction of cold air in the CPD (savings of 10 kW h / t, the economy of the electrodes - 0,5-0,6 kg / t). 
- For post-combustion of combustible gases do not use air , but oxygen. The use of oxygen instead of air allows reducing the amount of outgoing gases by eliminating the ballast nitrogen, increasing the efficiency of using of the chemical energy of gas (energy savings up to 25 kWh / t). 
- Use of end-gas heat for preheating of the metal charge before melting to produce superheated steam. 
• Loss with molten slag 
• Loss with cooling water 
It is recommended to implement the  system of automatic regulation of the cooling water consumption. Slight temperature drop at the beginning and end of melting leads to the disproportionate amount of water, while the high temperature difference affects the resistance of lining parts. Application of automatic control cooling reduces water consumption by 2 times and reduces the temperature drop at the beginning and end of melting at 7-10 ° C. 

· Losses from the outer surfaces 
With good insulation the temperature of the outer surface of the walls is should not be higher than 180( C, the hearth furnace - 140 (, the oven - 300(  In this case, the walls resistance is  increased in 1,5 times, and the heat losses are reduced by 1,5 -2 times 
- Application of thermal insulation materials with low thermal conductivity and density (lightweight fireclay, pneumo-firebrick). 
- Increase in the lining layer. 
- Reducing heat-transfer surface area. 
- Reducing the duration of melting. Specific losses from the outer surface are proportional to the length of melting. 
- Increased durability of the lining. Total heat loss depends on the strength of the lining (the frequency of its change in the repair, as great amount of heat accumulated by the laying of the lining is lost). Resistance of the lining can be enhanced by choosing the optimal height of the arch over the metal bath. 
- Carrying out of high-speed repairs of thermal insulation of walls by using large-block lining (lining does not have time to cool down during the repairs). 
- Making a conical liner at the angle of 7-10 ° in the corresponding conical housing. The conical shape of the furnace casing allows t not only to increase the capacity of the oven for 30-40% and reduce the fusion time by 5-10% [to increase the resistance of the lining in 1,5-2 times, but also reduce the specific consumption of electricity by an average of 5-7% . 
- Paint of exterior surfaces of the furnace shell by the aluminum paint. This method reduces the heat losses through the walls and under the oven for 3-5% and reduces specific energy consumption at 1,0-1,5 kWh / t under the condition of systematic maintenance of this painting. 
- The normal gap between the electrodes and refrigerators should not exceed 15 mm. It is recommended to use special (labyrinth) electrode refrigerators. This activity in addition to reducing the thermal losses significantly reduces electrode consumption due to lower oxidation of the outer surface of the latter. 
- The main event to reduce the radiation losses is to reduce the duration of all operations related to the opening of the furnace chamber. 
· .- 

Increasing of furnace productivity 
· 
- Overloading the furnace by capacity. Steelmaking furnaces of large capacity have the best technical and economic indices in comparison with the furnaces of small capacity. On it is expedient to work with a slightly increased nominal filling mass of existing furnaces within the allowable overload furnace transformer during melting.
Overloading of the furnace on capacity depends on the capacity of furnace transformer, the size of bath furnace lining performance, the mechanical strength of the furnace design. Depending on these factors for each furnace a the optimal value over-capacity compared to nominal is chosen.

Improvement of melting technology
- Heat loss in the CPD is largely dependent on the method of steelmaking, because in steelmaking by different technological ways the inner surfaces of walls and the roof have different heat load due to differences in energy regimes.
- Filling of the charge. The quality of preparation of the charge, duration and method of filling of the mixture in the oven are of great importance for the duration of the melting furnace and performance in general.  
Quality of the metal charge is characterized by its density. For furnaces of small capacity (up to 5 tones) o the optimal density of the charge is 3-4,5 t/m3. To obtain the optimal value of the density of the charge scrap and waste should be made up  and used in certain combinations. For example, for furnaces with capacity of 10-40 tons it is recommended that the approximate relation between the individual pieces (as a percentage of the size of pieces) must be: 20% fines, 40% larger and 40% of the average scrap. No less important is the specific location of the charge in the working space of the furnace, namely: podipe fits half of the small scrap, in the center of the oven under the electrodes the largest pieces of scrap iron are firmly placed and overlapped by small pieces again. To ease ignition and stable combustion of electric arcs pieces of coke are placed under each electrode.
Rational electric arc furnace mode provides the greatest productivity at the lowest energy consumption. 
Both of these conditions do not coincide with one and the same operating current. However, there is a relatively small range of operating currents within which you can get close to the optimal values of both principal indices. In determining the rational mode the optimal active power of the furnace is set.  
Change of active power is made by changing the operating voltage.  The choice of the maximum working voltage, setting of the required number of voltage steps and schedule of alternating hours of work at different voltages is of great importance. 
A. N.  Sokolov | L. 7] proposed a simplified method of establishing of rational electric modes. The idea of the simplified method is that simple measurements and calculations for dozens of heats can determine the dependence of the actual values of the indices of the furnace operation on the average active power of the furnace. 
Rational modes of electrical heating unit must be installed and are recommended for each period of melting. 
Work of furnaces in rational modes shortens melting to 10-25% and reduces specific energy consumption by 8 - 15%. 

[15] Preparation and loading of charge materials. Storage of the charge. Iron and steel scrap, alloyed steel waste, cast iron and ferroalloys should be stored in bins separately according to the  chemical analysis (steel grade) and size. Steel scrap should be stored under a roof (canopy) for protection against corrosion. Ferroalloys should be kept in a special storeroom and be sorted by brand. 
Charge cutting. The charge should be split so that after filling into the oven the possibility of additional "adding" is excluded Savings by reducing the number of "adding" of the charge is 5-10% of the total electricity consumption for melting. 
Application of the fresh quicklime to form the slag instead of limestone will save 4-5% of total consumption of electricity for melting. 
The use of slaked lime is impermissible. 
Preheating of the charge to 600-700 ° C by the flame of fuel oil or gas improves the working conditions of furnace transformer due to a significant reduction of current inrush, improves the preparation of the charge due to the removal of moisture and burning of carbon from lubrication polluting the charge; allows the entire period of melting when the throttle is switched on , and also reduces the duration of melting and reduces the specific energy consumption by an average of 20%. 
Proper positioning of the charge in the melting space with maximum density and the lack of clearances
Minimizing of the duration of loading of the charge. The duration of charge batching in the furnace is determined by way of loading, with manual loading (for furnaces with capacity of up to 15 m) the duration of load is equal to:
Furnace capacities, т ...............   1,5—2  3—4   5—6   10—12

Loading duration, min......   8—12 12—20 20-—25 35—45

Under the mechanical loading the duration is significantly reduced of her and under the pan furnaces loading with capacity of 25-35 tons is equal to 30-35 minutes, and under the top mechanized loading it does not exceed 10 minutes. The best way is the mechanized loading from the top that provides savings in specific power consumption of 7-8%. 
Melting in furnaces with the acid lining. Sour electro-fusion process is advisable and should be used in the production of all grades of carbon of shaped castings and can be recommended for the melting of high-grade steel. 
The main advantages of acidic process are: 
higher productivity, lower specific energy consumption (15-20%), lower steel cost itself. 
Despite the shortcomings of acidic process - the inability to remove sulfur and phosphorus, difficulty of decarbonizing – transferring  of only a part of the electric furnaces from the basic to the acid  process will save up to 100 million kWh of electricity in the whole country during a year.  
The use of gaseous oxygen is one of the most effective acts that reduces the consumption of electric power and increases furnace productivity at the expense of reducing of the periods of melting and oxidation. It is established that the blowing of  oxygen during melting not only improves the performance of this period, but also reduces the duration and power consumption in subsequent periods of melting due to higher metal heating by the end of the period of melting. 
Efficacy of usage of gaseous oxygen depends on the method of getting oxygen and brands of steels. On average, the use of oxygen reduces the specific energy consumption by 5-15%
. Reduction in the duration of individual periods of melting in furnaces with basic lining. Reducing the oxidation period by 50-60% is achieved by the overlap of processes of oxidation and reduction. For this purpose, lime and part of the whole ore is given in the filling along with the charge. Specific energy consumption of the oxidative period is reduced from 125 to 45 kW h / t.
.

Reducing of the recovery period is achieved by speeding up the deoxidation process through steel deoxidizing made by lump deoxidizer. The duration of the recovery period is reduced by 50% and specific energy consumption of this period by 60% compared with conventional deoxidation made by milled deoxidizing through the slag.  The use of devices for electromagnetic stirring of the steel bath makes it possible to accelerate deoxidation processes, the dissolution of the steel alloying elements and the alignment of the composition and temperature of steel in the recovery period. 
Electromagnetic stirrers are powered by two-phase current of low frequency (0,5-2 Hz) 
The duration of the recovery period is shortened by 20-40 min, and the reduction of energy consumption for melting is 40-50 kWh / t, which is more than 2 times greater than the additional energy consumed  by agitators (12-24 kWh / t). 
Application of the installation of automatic control by movement of the electrodes. Installation of automatic control by movement of the electrodes is designed to provide active power supplied to the furnace within a specified time period of melting. 
The work of electric arc furnaces without automatic control movement of the electrode leads to an increase in the share of electricity consumption by 10%. 

However, the improvement of regulators needs the reconstruction of the mechanisms of movement of the electrodes which is done by: 
replacement of the flexible connection (cable) by the rigid one with rack and extra devices, protecting the electrodes from breaking when contacting with chunks of charge; 
improvement of the speed of recovery of the electrodes to 3-5 m / min by reducing the transmission ratio of reductive ditch; 
manufacturing of gear reducers with low backlash. 
The operation of arc furnaces with modern equipment for the automatic control of the movement of the electrode leads to a reduction of specific consumption of electricity in the average by 8-10%.
The use of additional fuel and oxygen 
The use of fuel-oxygen burners on the bath slopes to equalize the rate of melting of the metal.
LECTURE 8. IMPROVING OF THE EFFICIENCY OF RESISTANCE FURNACE.
[87, p. 66-67], [15], [90], [93], [88] 

The introduction of electric melting, electric heating and heat treatment of materials saves metal, improves  product quality and automates o production, improves working conditions. 
  Electric resistance furnaces are the most massive electric furnaces. Their strength makes up hundreds and thousands of kilowatts, and the efficiency is 15-70%. Therefore, the rational exploitation in order to save electric power and reduce production costs is of great importance.
.

Heat balance equation of the batch resistance furnace 
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For furnaces of continuous action 
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Resistance furnace efficiency 
Furnace of periodic action (batch oven) 
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Furnaces of continuous action (methodological) 
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Specific energy consumption 
Economic efficiency of furnaces is characterized by specific energy consumption.

Furnace of periodic action (batch oven) 
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Furnaces of continuous action (methodological) 
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Rational exploitation of existing furnaces is to reduce unit cost electric power.
Activities to save energy
Activities to save energy 
Productivity raise 
Spent on heating energy is proportional to product performance. Heat loss does not depend on the productivity. Therefore, while increasing the performance heat losses are allocated to smaller mass of the processed products. As a result the efficiency of the furnace is reduced, and the specific energy consumption increases. 
The increase in furnace productivity is possible with the stock of power (if the actual productivity is below the maximum possible). 

- Do not use electric furnaces with the load less than 70% of their nameplate capacity. 
- Mechanization of loading and unloading 
- Maximum use of the working volume of the furnace due to the dense packing of identical parts, joint processing of various parts in the furnace, improving of the design of loading facilities, rhythmic income of details on heat treatment and the proper distribution of items according to the form and size between the electric furnaces in order to ensure optimal mass charging.
- Increasing of the speed of movement of the articles - if it meets the requirements of technological process on the speed and uniformity of heating. 
- Increased capacity of furnaces by installing new, more powerful or extra heaters. 
- Increased power for the furnaces of periodic action is appropriate only when the holding time in the cycle of the oven is short. (The increase in power provides only decrease in heating time, and during aging the oven consumes power needed to cover the heat loss.) 
- Introduction of the forced regime of heating of the metal with automatic software temperature control in furnaces with rapid heating early in the process of heat treatment. Decrease of specific distribution of the electricity to heat treatment makes up 25%. 
Forced heating is appropriate in the input zone of the furnaces of continuous action because of the cold-load coming to the furnace is able to absorb a large amount of heat. Forced heating can be used for thin and high heat products, without a large temperature gradient over the cross section during the process of heating.
.
Rational furnace loading.  Increased load of the furnace hearth can give effect only if the increase is achieved through accurate, uniform putting products on it, due to the increase of the surface layer, or section of heated products, but not by increasing its thickness. Increasing of the thickness of the layer of products on the furnace hearth will result, in the case of 'thin' (flat) products, in the proportional increase in heating time. In this case, the productivity of the furnace does not change and neither does the unit cost of energy. With   "thick" products increase of the thickness of the layer will cause the increase of the heating time which is proportional to the square of the improvement layer, and productivity of the furnace will reduce, the unit cost of energy will increase accordingly.
Thus, for each furnace and each kind of products optimal scheme and the volume of the oven ensuring its maximum productivity is designed.
Moreover, during the process in which a significant part of the cycle is covered by holding of products at constant-temperature, it is advisable to make a significant increase in the product layer. In this case, despite the increase in heating time, the performance of the furnace is greater than the original, since the holding time remains unchanged. It is also advisable to increase the loading of the low temperature furnaces with the forced air circulation under the rational installation of the parts which provides free blowing. 
. 

Reducing of heat loss 
· The systematic control of the thermal insulation of furnaces by checking the temperature of the external cover the walls at a steady temperature regime of the furnace, followed by the removal of insulation defects. The outside surface temperature of the electrical furnace kiln-housing at work should be equal to 40-45 ° C and shall not exceed 60 ° C. This gives energy savings of up to 30%. 
- Staining of the kiln-housing of electric furnaces with aluminum paint, which saves electricity to 4-6% of the value of heat loss. 
- Reduction of losses by radiation and convection through openings and cracks of the furnace. Reducing of the time for loading and unloading. Compliance with relevant dimensions of loading and unloading of the openings of the furnace to the size of the boot. Improved sealing of furnaces. Elimination of leaks in the boot door, the holes for thermocouples, brickwork. 
- Use of light weight brick with the density of 1.3 instead of refractory brick which reduces the thermal conductivity of the insulation by the factor of 2; diatomite brick with the density of 0.7, asbestos with the density of 0,8 -  3 times, diatomite brick with the density of 0,5, slag with the density of 0.2- 6-9 times 
- In furnaces operating with controlled atmospheres containing hydrogen, carbon, hydro-thermal components thermal conductivity of the masonry and heat losses are greatly increased. When repairing these furnaces refractory materials and thermal insulation of masonry units should be replaced with less gas-permeable, or gas-tight masonry should be provided by inner surface coating.
Reduce of heat loss, accumulated by the masonry of the oven is achieved by reducing of downtime of the furnace 
· The organization of a continuous clock operation of furnaces is reasonable. For furnaces, used in only one shift power losses in the warm-up reaches 45% of total electricity consumption. Specific distribution of electricity is 1,8 times higher than that of the furnace, which operates on a two-three-shift schedule. [93, p. 69 -]. If the furnace operates in one or two shifts its off during the downtime is not economically consistent. When it is two-shift operation, it would be best not to switch off the oven on downtime. At one-shift mode, you can switch the oven on to warm it (no load) for a few hours before the start of the work or turn it off altogether.
• Use of easy and effective refractory and insulating materials for electric furnaces of periodic action. Periodically operating furnaces can fully cool down between the individual campaigns. In this case, the heavy masonry of the furnace with a large heat storage capacity is an essential source of increasing the unit cost of energy. The use of light and effective refractory and thermal insulation materials will reduce the specific energy consumption by 10-15%.
Using of heat of heated products 
Using of  the heat of heated products, cooled slowly according to the technological requirements for heating of the next batch: 
a) by alternately placement of cooling and heated parts into the  special chambers or wells during the heat treatment carried out in furnaces of periodic action (chamber, shaft). In this case, energy saving is up to 25%; 
b) the processing of parts in continuous furnaces (with a number of furnaces installed); products in the furnace are directed counter-flow, i.e. towards each other. The chambers of heating are attached by both sides of furnaces and are common to both furnaces. Heated parts come in each chamber from the furnace, and the products that need to be heated meet them on the opposite side.  This gives energy saving of up to 50%. 

Efficiency of this event is increased with the use of forced circulation of the atmosphere.
Operation automation and mechanization 
· Mechanization of loading and unloading of products enhances productivity, reducing of  heat loss, and  specific energy consumption.
• Use of automatic temperature control of furnaces enhances the quality and reduces the unit costs of electricity.
• Pedal mechanism for opening the furnace lid when taking the portion of molten metal at electric furnace for melting aluminum and other light metals reduces the time of "harmful" opening of  the lids, and, consequently, the associated with it heat loss
Use of furnace with the variable volume ( with a moving vault) 
· To change the working volume of the furnace, depending on the number of processed products the vault of the furnace is moving. The motion of the vault is done by specially adapted winch. Achieved energy savings makes up to 25% and a reduction of up to 40% of the time of the initial heating of the furnace at a lowered-dimensional arch.
.
Energy quality raise 
· Deviations of the voltage lead to the change in furnace productivity. At the low voltage heating time increases, hence power consumption increases too (due to heat loss). When the voltage increases the life of the heaters decreases.
Reducing of the weight and size of container loading. 

· Facilitation of pallets, crates, boxes and other packaging boot at the expense of reduction of wall thickness, size and improved design. Packaging weight must not exceed 10% of the total mass of the cages. These measures will reduce electricity consumption by 10-15%
Application of induction heating. [6] 
Induction heating allows selective treatment of individual parts or products of surface hardening, which provides a sharp decrease in unit cost of electricity.
In preliminary calculations, the efficiency of heat transfer of the pieces with thermal electric furnaces to the  induction  installations, the following reduction in unit costs of electricity takes place : when the frequency is 50-10000 Hz-2 times; at the  frequency above 10,000 Hz -to 3 times (surface hardening).
10. Drying of products with infrared rays. The system of infrared lamps is built into the drying oven or other device, the size and configuration of which depend on production requirements. 
Method of drying by infrared rays (especially for paint coatings) has a significant advantage over the conventional method of drying, since the infrared rays penetrating through the layers of paint, heat up the surface. Thus, the drying process begins with the lower layers of the coating, which significantly reduces drying time and improves the quality of the painted surface. Saving of energy at the same time is up to 30-40%. 
11. Heat of saltpeter, salt, oil and other baths with tubular heating elements lowered directly into the heated environment, instead of heating of the baths with non-chrome spirals placed in the lining of the exterior walls of baths. This gives energy savings of up to 40%
.

� EMBED Mathcad  ���





� EMBED Mathcad  ���





� EMBED Visio.Drawing.5  ���








� EMBED Visio.Drawing.5  ���





� EMBED Excel.Sheet.8  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Word.Picture.8  ���





� EMBED Visio.Drawing.5  ���





� EMBED Word.Picture.8  ���








[image: image275.wmf]0

0.2

0.4

0.6

0.8

1

90

92

94

96

98

100

99.115

90

h

kz

1

,

1000

,

10.5

,

1.9

,

(

)

h

kz

0.8

,

1000

,

10.5

,

1.9

,

(

)

h

kz

1

,

400

,

5.5

,

0.9

,

(

)

h

kz

0.8

,

400

,

5.5

,

0.9

,

(

)

1

0

kz

[image: image276.wmf]1.9

10.5

0.425

=

0.9

5.5

0.405

=

[image: image277.wmf]F

º

1

З

F

1

З

2

º

2

1

З

З

З

+

=

мин

F

З

D

2

З

D

эк

F

F

З

0

0

З

[image: image278.wmf]Q1

Q1

Q2

Q2

Q2

Q2

Q2

Q2

[image: image279.wmf]0

0,2

0,4

0,6

0,8

1

1,2

0

0,5

1

[image: image280.png]4 ‘
|

I
0 gz 0% 05 08 A

Puc. 6.5. 3aBHCHMOCT: OTHOCH-
TEMBHOTO H3MeHEHHS PeaKTHB-
HOH MOIHOCTH ACHHXDOHHbIX
neuratencdi or KoIpdHMEHTA
sarpysku 3

0

7



[image: image281.wmf]преобразователь

частоты

Рисунок 1

Рисунок 2

[image: image282.wmf]выпрямитель

Iв=var

Рисунок 3

[image: image283.png]ar ]

A
1020 37 40 80 63 70 80 30%




[image: image284.wmf]v

s

t

_1031591669.unknown

_1350111917.unknown

_1350300314.unknown

_1350372034.unknown

_1350456240.unknown

_1350459182.unknown

_1350459186.unknown

_1350459188.unknown

_1350459189.unknown

_1350459187.unknown

_1350459184.unknown

_1350459185.unknown

_1350459183.unknown

_1350458875.unknown

_1350458877.unknown

_1350459180.unknown

_1350459181.unknown

_1350458878.unknown

_1350459179.unknown

_1350458876.unknown

_1350458871.unknown

_1350458873.unknown

_1350458874.unknown

_1350458872.unknown

_1350458869.unknown

_1350458870.unknown

_1350456241.unknown

_1350458868.unknown

_1350455376.unknown

_1350455872.unknown

_1350455873.unknown

_1350455870.unknown

_1350455871.unknown

_1350455377.unknown

_1350455374.unknown

_1350455375.unknown

_1350455372.unknown

_1350455373.unknown

_1350455370.unknown

_1350301752.unknown

_1350370716.unknown

_1350371701.unknown

_1350371702.unknown

_1350371699.unknown

_1350371700.unknown

_1350371698.unknown

_1350363901.unknown

_1350370715.unknown

_1350363900.unknown

_1350300926.unknown

_1350300928.unknown

_1350300929.unknown

_1350300927.unknown

_1350300316.unknown

_1350300924.unknown

_1350300925.unknown

_1350300317.unknown

_1350300315.unknown

_1350113873.unknown

_1350210221.unknown

_1350210868.unknown

_1350211070.unknown

_1350211071.unknown

_1350300312.unknown

_1350210869.unknown

_1350210328.unknown

_1350210866.unknown

_1350210867.unknown

_1350210864.unknown

_1350210222.unknown

_1350115076.unknown

_1350209899.unknown

_1350209900.unknown

_1350209897.unknown

_1350209898.unknown

_1350115077.unknown

_1350115074.unknown

_1350115075.unknown

_1350115073.unknown

_1350115072.unknown

_1350112691.unknown

_1350113127.unknown

_1350113129.unknown

_1350113130.unknown

_1350113128.unknown

_1350113125.unknown

_1350113126.unknown

_1350113123.unknown

_1350113124.unknown

_1350112692.unknown

_1350112240.unknown

_1350112689.unknown

_1350112690.unknown

_1350112687.unknown

_1350112688.unknown

_1350112686.unknown

_1350111920.unknown

_1350111921.unknown

_1350111918.unknown

_1033283279.unknown

_1344845108.unknown

_1346498400.unknown

_1350111178.unknown

_1350111915.unknown

_1350111916.unknown

_1350111913.unknown

_1350111914.unknown

_1350111912.unknown

_1350111911.unknown

_1350110863.unknown

_1350111177.unknown

_1346498401.unknown

_1346497596.unknown

_1346497919.unknown

_1346498399.unknown

_1346497918.unknown

_1346497360.unknown

_1346497595.unknown

_1346496702.unknown

_1033833761.unknown

_1033835159.unknown

_1033836480.unknown

_1033840219.unknown

_1033840490.unknown

_1033840625.unknown

_1033840677.unknown

_1033840439.unknown

_1033837339.unknown

_1033840097.unknown

_1033837288.unknown

_1033835320.unknown

_1033835354.unknown

_1033835189.unknown

_1033833994.unknown

_1033834563.unknown

_1033833856.unknown

_1033422536.unknown

_1033833650.unknown

_1033833711.unknown

_1033422553.unknown

_1033361761.unknown

_1033361842.unknown

_1033361739.unknown

_1033349531.doc
[image: image1.png]





Uд












_1031593372.unknown

_1032658381.unknown

_1033275675.unknown

_1033283248.unknown

_1033283268.unknown

_1033276051.unknown

_1033276792.unknown

_1033275835.unknown

_1033275496.unknown

_1033274313.unknown

_1033274579.unknown

_1032804974.vsd
��������������� ��������

������� 1�

������� 2�


_1032805664.vsd
������������

�

I�=var�

������� 3
�


_1032688230.vsd
v�

s�

t�


_1031594271.unknown

_1032144676.unknown

_1032658030.unknown

_1032084677.doc
[image: image1.png][’iz 7 7

i 8 et e

4 ]

Z’ﬁ T

05

o4

3

82

a1 =
a

10 20 30 40 &0 60 70 60 90%







_1032122031.xls
Диаграмма2

		0.1		0.1

		0.2		0.2

		0.3		0.3

		0.4		0.4

		0.5		0.5

		0.6		0.6

		0.7		0.7

		0.8		0.8

		0.9		0.9

		1		1



0.48

0.34

0.68

0.56

0.79

0.7

0.86

0.79

0.93

0.84

0.97

0.93

1

0.97

1.01

1

1.01

1

1

1



Лист1

		коэф загр		кпд		коэф мощн

		0.1		0.48		0.34

		0.2		0.68		0.56

		0.3		0.79		0.7

		0.4		0.86		0.79

		0.5		0.93		0.84

		0.6		0.97		0.93

		0.7		1		0.97

		0.8		1.01		1

		0.9		1.01		1

		1		1		1





Лист1

		





Лист2

		





Лист3

		






_1031595992.unknown

_1031594123.unknown

_1031594192.unknown

_1031593785.unknown

_1031592494.unknown

_1031592669.unknown

_1031593010.unknown

_1031593186.unknown

_1031593221.unknown

_1031593064.unknown

_1031592966.unknown

_1031592588.unknown

_1031591830.unknown

_1031591907.unknown

_1031592089.unknown

_1031591869.unknown

_1031591720.unknown

_1031591750.unknown

_1031591693.unknown

_1030635139.unknown

_1030994482.unknown

_1031546845.unknown

_1031547972.unknown

_1031549822.bin

_1031591602.unknown

_1031548756.unknown

_1031548969.unknown

_1031548478.unknown

_1031547024.unknown

_1031547111.unknown

_1031546972.unknown

_1031543393.unknown

_1031543467.unknown

_1031543488.unknown

_1031543444.unknown

_1031348841.unknown

_1031411288.unknown

_1031411623.xls
Диаграмма3

		0.25		0.25		0.25		0.25		0.25		0.25

		0.5		0.5		0.5		0.5		0.5		0.5

		0.75		0.75		0.75		0.75		0.75		0.75

		1		1		1		1		1		1

		1.25		1.25		1.25		1.25		1.25		1.25



63

83.5

84.5

0.5

0.7

0.71

77

87.5

89.5

0.76

0.83

0.86

79

88.5

91.5

0.81

0.88

0.9

79

87.5

91.5

0.86

0.89

0.92

77

86.5

91.5

0.9

0.89

0.92



Лист1

		номинальная мощн, кВт		1				10				100

		коэф загрузки		коэф мощн		кпд		коэф мощн		кпд		коэф мощн		кпд

		0.25		0.5		63		0.7		83.5		0.71		84.5

		0.5		0.76		77		0.83		87.5		0.86		89.5

		0.75		0.81		79		0.88		88.5		0.9		91.5

		1		0.86		79		0.89		87.5		0.92		91.5

		1.25		0.9		77		0.89		86.5		0.92		91.5





Лист1

		





Лист2

		





Лист3

		





		






_1031472750.vsd
Q1�

Q1�

Q2�

Q2�

Q2�

Q2�

Q2�

Q2�


_1031411485.xls
Диаграмма2

		0.25		0.25		0.25

		0.5		0.5		0.5

		0.75		0.75		0.75

		1		1		1

		1.25		1.25		1.25



0.5

0.7

0.71

0.76

0.83

0.86

0.81

0.88

0.9

0.86

0.89

0.92

0.9

0.89

0.92



Лист1

		номинальная мощн, кВт		1				10				100

		коэф загрузки		коэф мощн		кпд		коэф мощн		кпд		коэф мощн		кпд

		0.25		0.5		63		0.7		83.5		0.71		84.5

		0.5		0.76		77		0.83		87.5		0.86		89.5

		0.75		0.81		79		0.88		88.5		0.9		91.5

		1		0.86		79		0.89		87.5		0.92		91.5

		1.25		0.9		77		0.89		86.5		0.92		91.5





Лист1

		





Лист2

		





Лист3

		





		






_1031349146.unknown

_1031330634.unknown

_1031330656.unknown

_1031330447.unknown

_1030812565.unknown

_1030900286.unknown

_1030994370.unknown

_1030994441.unknown

_1030936154.unknown

_1030936422.unknown

_1030906117.unknown

_1030812960.unknown

_1030813073.unknown

_1030812605.unknown

_1030714206.unknown

_1030719211.unknown

_1030812546.unknown

_1030714322.unknown

_1030635383.unknown

_1030643631.unknown

_1030643534.vsd
0�


_1030635360.unknown

_1030535845.unknown

_1030550559.unknown

_1030554563.unknown

_1030633387.unknown

_1030633677.unknown

_1030554748.unknown

_1030554643.unknown

_1030554663.unknown

_1030554573.unknown

_1030553481.unknown

_1030554501.unknown

_1030553459.unknown

_1030543015.unknown

_1030547748.unknown

_1030550541.unknown

_1030545272.unknown

_1030536047.unknown

_1030542626.unknown

_1030535969.unknown

_1029673399.unknown

_1029674094.unknown

_1029782860.unknown

_1030512322.unknown

_1030512428.unknown

_1030535499.unknown

_1030512416.unknown

_1030511241.unknown

_1030511558.unknown

_1029782691.unknown

_1029673845.unknown

_1029673966.unknown

_1029673409.unknown

_1029673029.unknown

_1029673250.unknown

_1029673331.unknown

_1029673165.unknown

_1029668625.unknown

_1029672676.bin

_1029672890.bin

_1029668678.unknown

_1029668585.unknown

