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 Abstract 
  

Introduction. The research is conducted to justify the 
method of increasing the efficiency of electrical power use in 
food production processes, which is based on the algorithms 
of fuzzy power management system. 

Materials and methods. The study is based on optimal 
and fuzzy control methods, such as Mamdani and Sugeno 
algorithms. Computer simulation was performed using 
MATLAB Simulink. 

Results and discussion. The control criterion of power 
supply of food production is formulated in the form of a 
functional minimization problem, which depends on the 
expected value of active and reactive power losses, active and 
reactive power losses at the level of secondary substations and 
individual load nodes. Maintaining energy efficient voltages 
in the power supply system nodes is chosen as a control task. 
It is determined the dependence of energy efficient voltages on 
the nominal voltage of the power system, the active resistance 
of its segments, the power and the coefficient of linearized 
static load characteristics at the network nodes, the equivalent 
active resistance, the nominal power, open circuit and short 
circuit losses of secondary substation transformers. To solve 
the control problem, an algorithm is synthesized using fuzzy 
controllers at the levels of the primary and secondary 
substations. In particular, it is determined that the input signals 
of the secondary substation fuzzy regulator should be the 
deviation from the energy efficient voltages and the rate of 
voltage change, and the output signals should be the 
transformer voltage and the actuation delay. Using numerical 
methods it is shown that this algorithm can reduce electricity 
losses in food production processes up to 7% compared to 
classical voltage regulation methods. 

Conclusions. The fuzzy system method under study 
ensures that energy-efficient voltage levels are maintained at 
the distribution network nodes when the voltage of the power 
source or the consumer loads are changed. 
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Glossary 
 
FMP – food manufacturing processes  
PSDS FMP – power supply and distribution system of FPM 
DEG – district electric grid 
EPG – electric power grid 
SS – secondary substation 
PS – primary substation 
SCL – static characteristics of complex load 
LV – low voltage 
HV – high voltage 
MFA – Mamdani Fuzzy Algorithm 
SFA – Sugeno Fuzzy Algorithm 
MF – membership function 
SCADA – supervisory control and data acquisition 
 
Introduction 
 
Electricity consumption in food manufacturing is calculated in the tens of megawatts, 

and needs to be reduced to create more sustainable food production branch of economics and 
prevent waste of resources [13]. Such problem can be solved within the scope of automated 
control of energy consumption and supply of food manufacturing processes (FMP). Methods 
and models for this kind of solution are considered in wide range of scientific studies as 
described below. 

In particular, the research [4] outlines the main tasks that should be solved by automated 
control systems for power supply and distribution of technological processes. At the same 
time, the main attention is paid to the issues of calculation of power system operation modes. 
The studies [22, 24, 25] consider the issues of power management by means of dispatching 
operations based on microprocessor technology. Methods and means of power management 
with the help of local systems of reactive power compensation control and voltage regulation 
in distribution networks are presented in [1]. The research [11] proposes a two-level voltage 
regulation system in the distribution electrical network, and the studies [22, 19] discuss the 
issue of voltage regulation in the electrical network using fuzzy logic. 

According [9] it is promising to build power management systems with the use of a 
multifunctional meter on the lower level for operating parameters of the grid, which allows 
to measure voltages and currents in all three phases, active and reactive power, as well as 
electricity costs and has electromagnetic compatibility with 0.4-10 kV devices. The system 
proposed in [9] uses the digital output of the meter to connect to industrial communication 
networks based on Modbus and Profibus, and at the top level – SCADA systems. Analysis 
of this system showed that the use of SCADA systems without the use of special application 
software that provides control functions does not solve the problem of building effective 
control systems, because they perform a limited amount of functions related only to the 
collection of measured data, remote control switching equipment, archiving and displaying 
information on mnemonic circuits. 

Recently, modern industrial controllers and SCADA systems have been widely used in 
the design of automated energy management systems [16, 5, 7]. The use of these technical 
tools allows to solve in real time the problems of commercial metering of power 
consumption, technical logging and monitoring of electrical loads of food industry 
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enterprises, the interaction of the operator with the information system, which is the basis for 
solving the problems of power management of food industry enterprise. 

The analysis of studies [21, 16, 18, 8, 20] showed that the structural solutions, 
mathematical models and control methods presented in them provide only the function of 
controlling the parameters of the power system. However, these tools do not provide the 
implementation of the monitoring and optimal control functions which allow obtaining the 
main economic effect [12]. 

The main goal of this research is to justify designing principles of the automated energy 
management system of food manufacturing processes on the basis of mathematical models, 
methods of fuzzy logic and information technologies. 

 
 
Materials and methods 
 
Materials 
 
Object of the study is fuzzy automated energy management system of food 

manufacturing processes, designed to provide energy saving without losing performance. 
In this study it is used: 

− Electric power supply technologies of food manufacturing; 
− Control methods of electric power supply of manufacturing processes; 
− Mathematical models of control methods and algorithms; 
− Simulation models created in matlab simulink computer software. 

 
Methods 
 
Plan of studies. The studies were conducted in the following order: 

− Choosing control criteria of FMP power control system; 
− Determining of control tasks of power supply and distribution of FMP; 
− Designing a method for determining the node voltages of  
− FMP power system for providing energy-efficient operation modes; 
− Developing algorithms for fuzzy voltage regulation on the 0.4 kv buses of the secondary 

substation transformers and on the 6-10 kv buses of the primary substation transformer; 
− Performing computer simulation of the algorithm and comparing with classical voltage 

regulation methods. 
Control of power supply system of food manufacturing should ensure the achievement 

of the following objectives: 
− Uninterrupted power supply of consumers while complying with industry specific and 

general energy standards of power quality; 
− Standard quality of electrical power in substation supply voltage buses and district power 

distribution networks; 
− Minimum possible level of losses in power systems; 
− Permissible level of ecological safety in the conditions of electromagnetic field influence 

produced by electric networks and transmission lines. 
 
Methods of system analysis. System description of FMP power system is performed 

with the use of tuple definitions [10], which is the simplest, most abstract tool; it enables the 
inclusion of different type objects and establishing connections of different nature and 
content. In this method the description of a system can be written in following form: 
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 :{{ },{ }, }M                                                          (1) 
where { }M  is a set of elements; { }  is a set of element links; Ω are the functions of described 
system. 

 
Model of electrical network. It is used the combined topology of electrical network for 

modelling FMP power supply system on secondary substation level [15] as shown in Figure 
1, where SNTi – nominal power of ith secondary substation transformer, Si – power of ith node 
load, i=1,2,3,k; l1, l2, l3 – the lengths of 1st, 2nd  and 3rd feeders of the linear segment of the 
network; lk – the feeder length of radial segment of the network. 

 
Figure 1. Combined topology network with connected SS transformers 

 
 
Mathematical modelling. For mathematical modeling of control processes it is used 

state-space non-linear representation of control system [2].  

 ( , , , , )dX F X Z U K t
dt

                                                (2) 

where X is a n-dimensional state vector; F is n-dimensional nonlinear vector function; Z is 
m-dimensional vector of perturbations; U is l-dimensional vector of control actions; K is q-
dimensional vector that determines the structural parameters of control. 
 

 
 

Figure 2. Structural diagram of control system 
 
 
Methods of fuzzy control. For synthesis of fuzzy regulators it is used Mamdani and 

Sugeno fuzzy systems [14]. 
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Methods of simulation analysis. For justifying algorithms of studied control system the 
simulation is used, which consist in modeling in the MATLAB Simulink environment of the 
operation modes of FMP power system controlled by the studied automated control system. 

 
 
Results and discussion 
 
Control tasks and choosing control criteria 
 
Under operating conditions, the main optimal control criterion for the power supply 

system is just the minimum of variable component, which takes into account the costs of 
production, transformation and distribution of electrical power. In mathematical form, this 
criterion can be represented in the form of cost functional minimization [6]: 

 
0

( ) ( ), ( ), min
T

I t Y t X t X dt   
  

                                           (3) 

where X


 is the vector of unchangeable output data, ( )X t


 is the vector of output data, ( )Y t


 
is the vector of control parameters. 

If it is considered the circuit of the grid unchanged, then in the vector X


 it is necessary 
to include data of the power system equipment, which determine the parameters of the 
equivalent circuit; performance characteristics of active and reactive power sources; utility 
power supply voltages. Vector ( )X t


 includes data on the electrical loads of the enterprise, 

which change over time as the food manufacturing process continues. The control vector 
( )Y t


 contains the parameters that provide operation mode optimization by loading of active 
and reactive power sources, power flow at utility power supply connection node, changes of 
transformers turns ratios. The instantaneous value optimization problem is replaced with the 
control parameter optimization on a given time interval, which is equal to the averaging 
interval of the electric load graphs Δt. Then the multicriteria functional will look like this: 

  
1

( ) , , , 1,
T

t t
i

I t g Y X X t T


 
  

                                          (4) 

Since the loads of the individual nodes of the power supply system are probabilistic, 
therefore, the vector X


 is a vector of random variables. To move to the deterministic 

formulation of the problem, the vector X


 is replaced with the vector of expected values 
( )M X


. Now the optimization problem is reduced to the solving n deterministic problems of 
minimizing the cost functional, where n is the number of load graph intervals. 

The efficiency of the power supply system is estimated by the volume of electricity 
consumption and electricity losses in the power system. 

The economic criterion of optimality is the minimum cost of electricity from the utility 
power system, generation of reactive power, loss of active and reactive power in electrical 
networks. In the deterministic formulation, the optimization problem can be formulated as 
follows: find the minimum of the functional of losses L 

  
1

min , ,
n

i i i
i

L P Q K

                                                    (5) 
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Objective function J of power supply control has the form 

 
( )1 1 1 10

min
T nm m n n

jLN Q jLN iUS Q iUS X tj j i i

MJ P K Q P K Q dt
T 

   

 
         

 
               (6) 

where M is expected value of active and reactive power losses; T is the estimated time 
interval; iUSP , iUSQ  are the active and reactive power losses at the SS level; jLNP , jLNQ  
are the active and reactive power losses at the ith load node. 

 
System analysis and mathematical modelling 
 
Achieving goals described above is impossible without creation of effective 

mathematical model. The controlled object during the operating control is the power supply 
and distribution system of food manufacturing processes (PSDS FMP), which has a 
hierarchical structure and is operated using open tree-like schemes. 

Power system of food industry enterprise is a complex nonlinear dynamic object, for 
which the following model can be formally described in the form (2), where X is a n-
dimensional vector of parameters, that characterize the operation mode; F is n-dimensional 
nonlinear vector function; Z is m-dimensional vector of perturbations (time-variable active 
and reactive loads of consumers); U is l-dimensional vector of control actions, which is 
formed on the basis of a deterministic or accidental change of the technological process of 
the enterprise, as well as changes in the parameters of the operation mode and restrictions of 
the power system; K is q-dimensional vector that determines the structural parameters of 
PSDS FMP. 

Considering the large dimension, complexity and insufficient information base of PSDS 
FMP, controlling procedures use its simulation models. The concept of instant circuits is 
applied and the dynamic model (2) is reduced to a set of static circuits. To perform the 
simulation procedure, the study interval MT  is divided into intervals t , within which the 
parameters , , ,X U K Z  are accepted unchanged. 

At each simulation interval t , the following nonlinear system of equations is solved, 
which describes the steady state mode of the corresponding instant circuit: 

 [ , , , ] 0k k k kF X S C V                                                    (7) 
where , , ,k k k kX S C V  are parameter values of vectors , , ,X S C V  for kth instant circuit. 

The system description of PSDS FMP is performed with the use of tuple definitions (1) 
and can be written in this form [10]: 
              :{{ },{ }, }PSDS M                                            (8) 
where { }M  is a set of PSDS FMP elements; { }  is a set of element links; Ω are the functions 
of PSDS FMP. 

For automated PSDS FMP of modern type the element of type { }M  can be represented 
this way 

 ( ) ( ) ( ){ }:{ },{ },{ }t I IIM M M M                                            (9) 
where ( ){ }tM  are the technical means; ( ){ }IM  are information technology means, including 
human-machine interface, software and databases; ( ){ }IIM  are the other elements. 
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The links between PSDS FMP elements can be shown the following way 
 ( ) ( ) ( ) ( ){ }:{ },{ },{ },{ }MX E ME I                                        (10) 
where ( ){ }MX  are the mechanical links; ( ){ }E  are electrical links; ( ){ }ME  are 
electromechanical links, created by electromagnetic field; ( ){ }I  are informational links. 

It was noted above that the PSDS FMP actively interacts with the electric power grid 
(EPG), which should be taken into account when creating a mathematical model. Then it can 
be written in the form 

 ( ) ( ){ }: { }; { }: { };
R R

r r

r I r I
M M  

 
                                        (11) 

where ( )3; { }IR M  corresponds to the EPG elements that must be taken into account in a 
mathematical model of the entire system; (2){ }M  – the set of elements of PSDS FMP; (3){ }M  
are elements of district electric grids (DEG), the consideration of which is necessary for an 
adequate description of the processes in the combined system of EPG, PSDS FMP and DEG. 

A symbolic description of the PSDS FMP processes can be represented as follows: 
    0 , ,n

nS X t X t X t T     R                                (12) 

The process 
0nS  is a rule of transition from the state with the parameter value (time) 0t  to 

the state with the value 0t t  through all its intermediate continuous or discrete values. The 
process 

0nS  is associated with a mapping of sets tT X X  . 

To study the processes 
0nS  it is used a combined method: determination of static load 

characteristics in the interactive mode and calculation of the parameters of the operation 
mode. 

A formal description of the PSDS FMP model can be presented as a tuple 
 ( ) :{ , , , , }, , , ,M n m

S
w

PSD
X A B t X A B t T                       (13) 

where X is a time-variable parameter vector; B is a input parameter vector; A is a time-
invariant parameter vector, which includes structural parameters of substations, distribution 
system and transmission lines;   is a rule of determining parameters of X. The vector B 
includes load powers ( )V V t  and structural parameters of PSDS FMP model that varies 
depending of power consumer configuration changes. 

For modeling of operation modes of the open PSDS FMP electrical network, the voltages 
at network nodes are determined by the equations [17]:  

 
1

1 ( )
n

i N i i i i
iN

U U PR Q X
U 

                                          (14) 

Without taking into account the power losses in the enterprise distribution network, the 
voltage losses are calculated in separate sections of the line by fixing loadings of SS 

1 2( , , , )nS S S  or the powers 1 2( , , , )nS S S  that flow over the sections. The total voltage 
loss in the line from the power source to any node i is determined by the sum of the voltage 
loss in each section and calculated by the formula:  

0
1 1 1

1 ( ) 3
n n n

i i i i i ai i pi i
i i iN

U p r q x i r i x
U   
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To model the modes of PSDS FMP closed electrical networks it is used the node potential 
method [17]. The system is described using the linear system of equations: 

  Y U I                                                 (15) 
where U  is a vector of node potentials; I  is a vector of node currents; Y  is a matrix of node 
admittances, which consists of iiY  – the sum of admittances that connected to node i and 

,ij ji i j Y Y  – negative values of admittances between nodes i and j.  

Therefore, Y  is a symmetric matrix and the sum of all columns and rows is zero. 
Unknown node voltages can be obtained using an inverted matrix: 

 1 U Y I                                                (16) 
In the simplest case, the voltage at the power supply node is specified, and the power of 

the consumers must be set as a voltage dependent according to (15). Using the nominal 
voltage, the power consumer admittance matrix, which is part of the node admittance matrix, 
is determined once: 

 
*

2
k

k
n

S
U

Y                                                         (17) 

This process is called linear power flow. However, if the nodal powers of the consumers, 
calculated by nodal voltages and the consumers’ admittance matrices, do not match the set 
values, then the calculated voltages are taken to be equal to the nominal voltage. The resulting 
variations are acceptable if the deviation of the calculated voltage from the nominal voltage 
is low or the consumer admittance is considered constant. 

At the given constant power of the nodes, the relation between the full power and the 
voltage is calculated by (18). 

 *2
kk kS U Y                                                   (18) 

It is shown on the basis of (18) that the problem of load current is reduced to a nonlinear 
quadratic system of equations for node voltage. The above system of equations is solved by 
some iterative method such as Newton-Raphson method [11]. 

 
Justification of FMP power supply control algorithms 

 
In order to provide energy efficient modes of power transmission in PSDS FMP, energy 

efficient voltage levels are maintained at the nodes of the system [2] by regulating reactive 
power sources, as well as the voltage of secondary substation (SS) and primary substation 
(PS) transformers. 

The values of effective voltage levels at the PS level are calculated on the basis of real-
time static characteristics of the complex load (SCL) [11], and voltages at the PS transformers 
level – on the basis of the calculation of 6-10 kV distribution electrical network modes. 

The SS voltage regulator reference values are calculated on the basis of active LVP  and 
reactive power LVQ  values, which are measured on SS low-voltage side, parameters of SS 
10 kV power supply system (radial, linear or combined connection schemes), cable line 
lengths kL , transformer technical data, static load characteristics on the SS low-voltage (LV) 
side  * * 1 *SS SS SSP U A U   , identified for the main operation modes in real-time. 

The reference values are calculated in the following order. The following factors are 
determined: SS transformer load 2 2

LV LV LVP Q S   ; reactive power LV LVtg Q P  ; 
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active power 2 2cos LV LV LVP P Q   ; active load cosA    , and the degree of reactive 
power compensation Q BKN PNQ Q  . Using equilibrium coefficient of the secondary 
network for active power 1iA , obtained by SCL of the ith SS transformer, it is calculated the 
value of the equilibrium voltage on the bus 0.4 kV of ith SS. 

We take the equilibrium voltage on the LV SS buses as the reference value SS voltage 
regulator. 

The equivalent circuit of combined topology network (Figure 1) is shown in Figure 3, 
where 1 2 3, ,EC EC ECR R R are equivalent circuit resistances of 1st, 2nd and 3rd branches of linear 
segment; ECkR is equivalent circuit resistance of radial segment branch; TSiR  – equivalent 
resistance of ith transformer; Si – power of ith node load, i=1,2,3,k; l1, l2, l3 – the lengths of 1st, 
2nd  and 3rd feeders of the linear segment of the network; lk – the feeder length of radial 
segment of the network; r01, r02, r03, r0k – per unit length resistance of feeders; UN – nominal 
voltage of network, and 
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Figure 3. Equivalent radial circuit of combined topology network 

 
Using the technical specifications of electrical equipment and the current values of active 

and reactive power of the generalized electric receiver, which are measured on the buses of 
LV SS, for all segments of the SS connection (Figure 1), it’s obtained the following 
expressions for the equilibrium voltage: 

 
 

2
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,i=1,2,3,k.           (19) 

where A1i – coefficient of linearized static characteristic of ith node load; PNi – nominal active 
power of ith node load, ΔPOCi – open circuit power losses; ΔPSCi – short circuit power losses. 
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When adjusting SS voltage, the equilibrium voltage is the reference value of the SS 
voltage regulator and is calculated for the main operation modes of the power supply system 
using static load characteristics on the SS buses according to the voltage, which are 
determined in the interactive mode. 

In order to maintain the energy efficient modes of FMP, the PSDS FPM provides for the 
use of fuzzy voltage regulators of the SS transformers and PS transformer. 

 
Justification of energy efficient 6-10 kV distribution network voltages 

 
The voltage regulation in the 6–10 kV distribution network is carried out by adjusting 

the voltage of the PS transformer by means of on-load tap changer [11]. The main purpose 
of voltage regulation is to reduce power losses in the 6-10 kV electrical network and to 
provide conditions for voltage regulation of the SS transformers when changing the voltage 
on the high voltage (HV) side of the SS, depending on the load and the voltage on the HV 
side of the PS transformer (maximum and minimum load of the grid). This implies 
maintaining voltage levels on the 6–10 kV buses the electrically closest and most distant SS, 
which provide conditions for the effective operation of PSDS FPM at all SSs under load 
change. Energy efficient voltage levels in the 6–10 kV network are calculated on the basis of 
a real-time mathematical model for the characteristic modes of the power system based on 
the measured currents and the voltage of the PS transformer [3]. Determination of the farthest 
and the closest connections is made in real time using measured currents, voltages and power 
of individual connections based on fuzzy logic using the following parameters: load power 
S, line length L, voltage regulating effect P(U), load distribution along the line R(L), 
availability of reactive power compensation devices C. A block diagram of the fuzzy 
controller for selecting the most distant and the closest lines to the power center of is shown 
in Figure 4. 

 
 
Synthesis of fuzzy regulation of the voltage of the SS transformer 
 
When adjusting the voltage in the secondary electrical network should be provided: 

− Compliance of voltage indicators with the requirements of the official standard; 
− Compliance of the voltage level with the value permissible for the equipment of the 

electrical networks, taking into account permissible operational increases of the industrial 
frequency voltage on the electrical equipment (according to the data of manufacturers and 
circular saws); 

− Minimum consumption and loss of electricity in the secondary electrical networks. 
Voltage modes are selected depending on the type of secondary electrical network 

(radial, linear, combined), the nature of the consumers connected to the secondary network, 
their distance from the secondary substation. 

An algorithm for fuzzy voltage regulation of the SS transformer with an electronic switch 
is built using the Mamdani algorithm [2]. The structure of the fuzzy regulator of the SS 
transformer is presented in Figure 5. For the implementation of control functions, a database 
was created for a fuzzy SS voltage regulator. 
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a – algorithm of fuzzy determining of ith line operation mode 
 

 
 

b – algorithm of fuzzy determination of the closest and the farthest line connection 
 

Figure 4. Block diagram of fuzzy connection selection with the heaviest and lightest operation 
modes of the closest and the most distant connections 

 
 
 

 
 

Figure 5. Block diagram of a fuzzy voltage regulator of the SS transformer 
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Synthesis of fuzzy voltage regulation at the PS transformer level 
 

The structure of the fuzzy regulator of the on load tap changing PS transformer is 
presented in Figure 6. 

 

 
 

Figure 6. Block diagram of fuzzy voltage regulator of PS transformer 
 
 
The values of the fuzzy output variable "direction" were defined as follows: at a voltage 

below nominal ("very low", "low"), the tap changer direction should correspond to the values 
"down", and at high voltage ("high", "very high") the tap changer direction is up. In cases 
where the voltage is approximately equal to the rated ("normal"), the tap changer does not 
fire ("stop"). 
 

Simulation results of PS fuzzy controller operation 
 
To study proposed algorithms and mathematical model in Simulink environment on the 

PS level, it was created a computer model of a 110/10 kV substation, to which a non-linear 
dynamic load is connected. The block diagram of the simulated system is presented in Figure 
7, where Source 110 kV is a block describing the 110 kV power system; Transformer – block 
describing model of three-phase power transformer 110/10kV; Line – blocks that define the 
parameters of the line; V-I measurement – blocks of measurement of current values of current 
and voltage; Dynamic load – blocks that simulate three-phase dynamic loading; Power 
demand – units that have the task of changing the power consumption for the dynamic load 
units; Fuzzy-logic controller – fuzzy controller block; On-load regulator – blocks of voltage 
regulation of the power transformer on load. 
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Using the model it is obtained graphs of voltage changes depending on the load in 
time. Figure 8 shows graphs of voltage changes at 110 kV (VB3) and 10 kV substations (VB5), 
voltage and load on the remote (VB2) and near-consumer (VB4) bus loads. The analysis of the 
obtained voltage graphs showed that the developed algorithm of voltage regulation based on 
fuzzy systems ensures the maintenance of the given voltage levels at the nodal points of the 
distribution network when changing the voltage of the power source and when changing the 
load of consumers according to different schedules. 

 

 
 

Figure 8. Graphs of voltage and load changes in the distribution network. 
 

The implementation of the proposed algorithm for voltage regulation based on fuzzy 
sets allows to maintain rational levels of voltage in the distribution network, which are 
obtained on the basis of analysis and optimization of the modes of the electrical distribution 
network, which will ensure a rational level of electricity losses. 

 
Simulation results of SS fuzzy controller operation 
 

As a research object in the Simulink environment at the SS level, a computer model of 
a 10/0.4 kV substation was created, to which a nonlinear dynamic load is connected to the 
tires. The block diagram of the simulated system is presented in Figure 9, where Source 10 
kV is a unit describing the 10 kV power system; Transformer – block describing the model 
of three-phase power transformer 10/0.4kV; Line –  blocks that define the parameters of the 
airline; V-I measurement – block of measurement of current values of current and voltage. 
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The results of computer simulation of the SS fuzzy controller operation under different 
modes of the secondary network: loading and dropping load; switching capacitors on and off; 
change of supply voltage are presented in Figure 10. 

 

 
 

Figure 10. Graphs of voltage and load changes in the secondary network 
 
 
Figure 11 shows the daily graphs of power loads of food manufacturing process W (pu) 

and voltages V (pu). Graph of voltages which demonstrates the results of two different ways 
of controlling the voltage regime: classical [11] and fuzzy, as well as process without control. 

The results of the computer simulation made it possible to estimate the losses of 
electrical energy in the electrotechnical complex in relative units when comparing the results 
of the operation of the classical regulator of the load regulation device and the fuzzy 
controller. As it can be seen in Figure 12, the use of fuzzy control of transformer with an 
electronic switch allows to reduce electricity losses by 7% compared to the classical voltage 
regulation algorithm. 
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Figure 11. Changing the voltage deviation on the SS buses during the day 
 
 

 
Figure 12. Changing the relative losses of electricity during the day with different methods of 

voltage regulation on SS buses 
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Conclusion 
 
Based on methods of system analysis such as tuple definition and decomposition 

methods it was identified links between heterogeneous elements of the energy supply system 
of food manufacturing processes and built the mathematical model. This model made it 
possible to estimate energy efficient modes of the power supply system. Fuzzy controllers at 
SS and PS level were developed to maintain these energy efficient modes during food 
manufacturing processes. 

Using the results of the computer simulation of algorithms of SS and PS fuzzy controllers 
in MATLAB Simulink environment the losses of electrical energy were estimated comparing 
to the results of the classical regulator operation in main operation modes of food 
manufacturing. The results showed that the use of our method allows reducing electricity 
losses up to 7% compared to the classical voltage regulation algorithm. 
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