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INTRODUCTION

One of the important indicators of diesel power plants
is the cost, which is the ratio of energy produced to the fuel
consumption per hour of operation. Reducing fuel con-
sumption will improve the energy efficiency of autonomous
diesel power. The main reasons for the increase in fuel
consumption are low temperature and loading inefficient
diesel-generator units (DGU) [1]. In [2-4] the ways to re-
duce the fuel consumption of existing shipboard electric
power systems (SEES) by introducing a buffer storage and
transfer of power diesel generators at variable speed de-
pending on the electrical load. However, these methods
require a radical reorganization of the structure and modes
of operation of the plant. This raises the problem of simula-
tion of the power plant, as a result of which must be ob-
tained diagrams of consumers of electricity and power
delivered diesel generators on the total load, in the form of
records in the database. Modeling of ship power electrical
loads are dedicated papers [2, 3, 5], but there the result of
the simulation is the total power consumption schedule
SEES used to determine the composition and powers of the
projected power generating units. In order to optimize the
composition of generating units there must be received the
load graphics for each of the units. One of the possible
methods of improving the quality of the analysis and syn-
thesis of logic-dynamic processes with high information
content is analytical [5, 6] and graphic-analytical method
by which it is possible to analyze the correctness of process-
es generated in a variety of control systems, including

autonomous electric power units. With the development of
microprocessor technology in the energy sector [7], it be-
comes necessary to use analytical information technologies
for the analysis and synthesis of various control systems [8,
9].

PURPOSE

The study proposes the principles of software develop-
ment for selecting the optimal values of rated power gen-
erating units, based on the statistical processing of infor-
mation about the daily workings of the energy generators
accumulated software top-level automated control system
power plant. The calculated nominal capacity can be used
to select the DGU when upgrading the ship power plant.

THE MAIN MATERIAL

The instantaneous value of the load power is a random
variable and is determined by the composition of the in-
stantaneous values of loads of individual consumers.
Schedule power consumption of each device is formed by
three components: the power level p, t duration of the work
and the duration of the pause 7, which may be permanent
or randomly distributed in time [10]. In [10, 11] adopted
the following algorithm for calculating loads, designed as a
package of applications: modeling power level, duration of
work and pauses for each user; imposition of components
on the load curve of the consumer; formation of the sched-
ule based on the total load of all simulated loads of con-
sumers. The above algorithm can not account for correla-
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tions between modes consumers. The paper proposes the
use of the automatic approach for scheduling work and
loads of consumers generating units, which will formalize
the problem of modeling and taking into account the rela-
tionship between consumers.

For correct sizing the generator power is necessary in
the first place on the basis of information accumulated over
a certain period of operation of the automated control
system, perform the calculation of peak load power:
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where P, —the peak load power plants,
P/ — power supplied by the DGU in P, point in

time,

g —the number of diesel generators,

m — number of full days, during which the accumula-
tion of information,

n —the number of records per day.

The maximum load of the total power of all diesel

generators, is calculated from the peak power with a small
(up to 20%) margin:
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where P,,. —the maximum load power,

P, — peakload power plants,

ki — safety factor in fractions of a unit.

Since the optimal will be the combination of power
generating units at which the average deviation from the
nominal load is minimal and maximal duration of works
DGU, the next step is to do the following.

1) Formation of the average daily power generation all
the diesel generators:
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D j=1

p. = J
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for i <L, n|, where g — the number of diesel genera-
tors,

m — number of full days, during which the accumula-
tion of information,

P, — The average value of the power generation

per day i,
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Pj'fi — Power supplied by the DGU in P* at j time for

the i day.

2) The formation of the many possible combinations of
nominal capacity of DGU. The initial data for their calcula-
tion are the minimum power diesel generator step of vary-
ing capacity and power which must provide all the diesel
generators. The number of possible combinations is calcu-
lated as:

Cmax
c=>¢, (4)

i=1

where
Cmax — Pmax — gl' Pr:uin +1

AP

and
Ci :Cmax_(i _1) .

For each ¢ — the amount of combinations of tuples
power ratings are calculated as DHA (for example, three
units):

<Pk1>Pk2>Pk3>'

where
Pe =P =Py, +i-AP',
PKZZPi,zj = Ppin + 1-AP (6)
Pk3 = P|3] = Pmax - Pkl - sz’

foreach jeli;c;], P,.. — the maximum load pow-
er.

3) The calculation of the power delivered to the total
load for each diesel generator set from each tuple. The
calculation is performed on the basis of the average daily
power generation and the following conditions are met:
the first the generator rated power equal to the first value
tuple is connected to the main switchboard bus bars; each
successive generator switched to the parallel operation of
the previous load provided by more than 80%; when load-
ing at least 20% of at least one of the generators of the last
paralleling DGU is disabled; the load is distributed strictly in

proportion to the nominal power of the generator.
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4) Calculation of the average deviation of the loaded
diesel generators of the nominal load (0.75):

(7)

where P — power supplied by the DGU in P} point

intime,
P.,, — rated power of the j-th generator,

g —the number of diesel generators,

n —the number of records per day,

and the average duration of all DGU:

count (P > 0)

Jsln

9
Z )
for each k-tuple order.

5) Selection of tuples, the average deviation download-
ed for which the minimum, and then among the candidates
— that (those) for which the average duration of a maxi-
mum of DGU:

7
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where t, - the average duration of the k-th DGU,
Ak, — average absorption deviation of the k-th load

of diesel generator from the nominal load.

The resulting tuple (tuples) will contain the values of
rated capacity, where diesel generators will be used most
effectively.

For each type of vessels can be identified characteristic
regimes governing diagram of the consumers. Further-
more, in most modes allocated cyclic time sequence and
duration of stages — random variables which are statistical-
ly distributed in the time. For most types of vessels can be
identified consumer groups, the characteristics of the dis-
tribution laws at work, pause and power level which de-
pends on the phase of the cycle. For example, for fishing
vessels characteristic modes are in port, maneuvering, the
transition to fish move from the fishery, fishing and emer-
gency modes. For each mode, a specific type of fishing
vessels can be identified stages of the diurnal cycle.

As an example, consider long line vessels fishing in the
mode for which are characteristic stages of productions,
drift and hauling. The duration of each stage random varia-

maxanir{ (B, P2 R )., )

o Ak

bles distributed according to a uniform law. On the stage of
the cycle gear connected modes of electricity consumers,
providing prey fish (winches, fishing mechanisms, search
equipment), refining (mechanisms fishing shop and freez-
ers) and storage (mechanisms refrigeration unit), in each of
the characteristics of distribution laws of random values
(power level, duration and pause) are different. As an indi-
vidual consumer at any one time can be in one of two states
(on or off), it is proposed to consider it as a state machine.
Condition of transition between states is the completion of
a random period of time, generated on the basis of the
empirical form of the distribution and characteristics. In the
form of a finite state machine can be seen daily cycle opera-
tion of the vessel: each step corresponds to one of the ma-
chine, while the length of stay in the state machine — a
random variable distributed uniformly in the interval, the
boundaries of which depend on the number of stages.

As a tool for simulation off consumers using State flow
software environment Matlab. Established in its network of
machines, described below, is used as an integral part of
the model plant, and called on each step of the simulation
(one step corresponds to 5 minutes. Real-time). Figure 1
shows a diagram of State flow-finite automaton S, simulat-
ing shift stages of the technological cycle of the vessel:
parking, staging, drift and selection of tiers (state CO to C4,
respectively).

[(t==t_max) & (c_st==0)]

:"'S
| {t_c=qen_t(24,12): t_max+=t_c}
c1
-— entry. c_st=1
(60.,1);
[t==t_max] [t==t_max] i
{_c=gen_t{24 36)t_max+=t_c;} :
[ ==1_| a)(] {[ c=qer |:_! .'{I J:t_iﬂa‘ +:t_C:}

tm1ltm¢=l

Flg 1. The state machine, whiich simulates the shift stages
of the technological cycle of the vessel

Change of the diurnal cycle stages of the vessel and the
work of each of the electricity consumers are parallel pro-
cesses, so when you create a super state used in parallel
decomposition, each of which implements the appropriate
machine.
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entry.adi=p1;
during: t1++;
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{1y 11=1}
1

[(t193%]
[(t19{%2)=={]

AD1_off
entry.ad1=0,
during: t1++;

0.3,d=0.2}

pr==0Ht_m1=gen_t{k*t_c t).}

x==THt_m1=gen_t{k ),
pT=_n{m.d)}

| ADT_1
entry ad7=1; ]
t_m7=gen_n(12,24)+t, .i

entry. ad9=1;

t_m0=gen_1(3,1)+t

Fig. 2. Finite state machines that simulate the work of electricity consumers: a - depending on the phase of the circadian
cycle of the consumer; b - function used to generate random variables; ¢, d - consumers, whose work does not depend on
the technological phase of the vessel

Fig. 2, a, is shows a graph diagram machine AD1, simu-
lating the operation which depends on the phase of the
circadian cycle vessel consumer AD1. Of AD1_0 off state
corresponds to an object of AD1_1 — included. Powered
consumer works in intermittent mode (this mode is typical
for lifting mechanisms) with a period of 10 minutes. and
duration of the motor 5 min., so the state AD1_1 divided
into two sub-states — enable or disable during operation
(AD1_on and AD1_off respectively). Mode of operation of
the consumer depends on the stage of the technological
cycle of the ship. At the stage of parking (C0 state automa-
ton S) Machine AD1 is in AD1_0 (consumer off). In the
transition to state automaton S (1, which corresponds to
the transition in the vessel line setting mode, generates a
random number, which corresponds to the time included in
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the job waiting consumer. Upon completion of the gener-
ated amount of time there is a transitiion to a state machine
AD1AD1_1, accompanied by the generation length of stay,
and the level of power consumed by a mechanism in rela-
tive units. In the state AD1_1 there is a cyclic transition
from state to state AD1_on AD1_off and back with a period
of 2 cycles simulating Intermittent operation of the mecha-
nism. The coincidence of the residence time of the machine
in the state with the generated AD1__1 duration triggers a
transition to a state machine AD1_0, then repeat the ac-
tions described. In modes vessel "drift" and "hauled" (C2
and (3 state automaton S) modeling of consumer AD1 is
similar; the difference exists only in the types of distribution
laws of power level, service intervals and pauses, and their
characteristics. To minimize bulkiness model generation of
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random variables is implemented as a graphical function f1
(e.g. Fig. 2, b) with parameters — direction of the transition
(from AD1_0in AD1_1 or reverse) and the number of the
cycle of the ship; return values — time to reverse transition
to the current state and the level of power consumed by the
engine.

The second group of customers include consumers,
mode of operation does not depend on the technological
phase of the vessel: mechanisms of systems supporting the
work of the main engine and propulsion, ship systems and
storage of cargo (e.qg. Fig. 2, d). Mode of operation of con-
sumers in this group may depend on the time of day (e.g.
Fig. 2, ¢).

Similarly machines AD1, AD7 and AD9 designed ma-
chines that mimic the work of the most powerful and run-
ning periodically or occasionally ship electricity consumers;

power consumption of other devices is taken into account
in the form of a constant component.

A set of parallel machines combined form State flow-
model of marine consumers. Input event for the model is
the edge of the clock signal, initiating check the conditions
of transition and change in the states of the automata.
Output signals — power level consumed by devices in a
fraction of the rated power (in this paper we consider 9
consumers with variable load and one generalized, con-
stant). For diagrams of generating units State flow-model
is used as part of Simulink-model shown in Fig. 3, a.

The output signals of the model works electricity con-
sumers are combined into a vector, and then to go to the
absolute power unit runs its element wise multiplication by
a vector of values of the nominal active (Pnom) and reactive
(Qnom) power consumers.

Description | Condition | b1 oz o3 ps
1 foes <o s < 100 l-1-1s
) » [100 <= 5 <= 350 s >= 100 T F
i oer i 3 pso<s s> as0 P
g2 p—mg— g p -
hetions: Specify a row
s EEEEIS ToWisp p1 from the Action Table | 1 | 2 | 3 | 4
19—
g2 g 0 g
Wl i IAction Table
v ea—g T, iisp g1 # | Description | Action
Truth Table ’ :;j : :;-: g
g3 p = 0; g3:q =0;
gl p = P*2/7; gl_q = Q%2/7:
t—] « 2 g2_p = P*S/7; g2_q = 0*5/7;
1:210] » Z : x [93p = 0: g3.q=0;
Froduct Sum + gl p = P*2/10; ¢l _q = Q*2/10:
From Froduct 3 9Z_p = P/2: g2_q = 0/2:
g3_p = PT3/10; g3_q = Q%3/10;
-LI ¥ Z b Add Sqrt For first (gl p = 0; gl_g = 0;
1:10] Ll i 4 [modeling |g2.p = 0: g2 g = 0;
roau
Onom Froduct Sum step j93p = 0; g3g=0;
a b

Fig. 3. Model of power plant: a - a block diagram; b - the contents of the block «Truth Table»

Based on the resulting vectors the total power con-
sumption is calculated. Calculation of the power supplied to
each generating unit (GA) in the load is performed using
block select an option (Condition Table in the environment
Simulink; e.g. Fig. 3, b). This paper considers the electric
power plant, which as a source of electricity used by three
hectares with different power ratings (100 kW, 250 kW and
150 kW). The input Truth Table enter the total of the power
consumption; the decision to include parallel operation GA

is taken on the basis of the analysis of the values of full
power. If the latter is less than 100 kVA (0.8 nominal power
of the first HA), is only one HA; if located within 100 — 350
kVA works two GA and if more than 350 kVA — all three GA.
In parallel operation of several GA simulated distribution of
active and reactive loads in proportion to the nominal
capacity of GA. Truth Table output parameters are the
values of active and reactive power generated by each of
the three HA.
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Information about Power station work.

Collection period of information: |2D1 4-01-04 - |2D1 4-02-03

Current configuration of power station: |3 Generator unit(s)

100 kv

powers: |25D Kw/

|150 K

Mawimurn load during the period of obsereation: |46 KW kf

Connect to database ‘ Fiefresh info about power station

Combination of optimum power of generator units

Electrostation power: B00 ks
I Minirurn power of generator: |100 ki
Power change step B0 kW
Statistics Peniod Result
Avetage power: 190,041 KW degin lIzs optimal to use generators with a powers of
Masirmum power: 461,016 kw 50 ki, 150 kw100 k.
Mirimum power: 0,000 Kw (30.1 14:15) 2001.205 h For the above combination of power
S mean time of wark the generator unir is 777%.
Max. devistione 270.974 KW [23.1 5:35) 141558 The deviation from the nominal load - 0.10%.
Mas splash: 381,953 kw [31.1 0:45)
Max fadure: 411.761 KW (23.1 14:15) End
Mumber of splashes: 487 1.01.2004 -
Number of failures: 493
Average value of splashes: 54.483 kw/ 14:0558 Calculation of optimum power Compare with current configuration
Average vahue of fadures: 53723 Kw/
a b

Fig. 4. Interface routines: a - a statistical analysis of power oscillations; b — finding the optimal capacity of DGU

For the record obtained by modeling diagram of con-
sumers and generators in the database matrix of values and
quantities consumed levels generated power is transmitted
to the workspace Matlab. We use a DBMS PostgreSQL, to
communicate with the driver which uses PostgreSQL JDBC.
On the basis of data from the Matlab workspace generated
SQL-queries to fill tables (tables graphs and tables load
modes GA); Connect to the database and execute queries
implemented in Java using the classes provided by the
driver PostgreSQL JDBC.

For convenience for working with the model there was
created Matlab-function, where an interval simulation of
power (the number of full days) is passed as an argument.
Function downloads the driver, connects to the database
and, if necessary, creates tables, simulation of power and
filling tables and charts load modes generating units.

The resulting simulation of the month (30 days) of the
power plant data were used to test software tools for statis-
tical analysis of process power oscillations (e.g. Fig. 4, a)
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and to optimize the composition of the generating units
(e.g.Fig.4,b).

Optimal load diesel generator load is considered to be
close to 75% of the face: when the engine is less stress
increases fuel consumption and shows the effect of carbon-
ation caused by congestion in the cylinders of the products
of incomplete combustion, which negatively affects the life
of the engine. Loading the generator set more than 75%
also leads to a significant reduction in efficiency [3]. An
indirect indicator of the effectiveness of the use of the unit
is the duration of his work.

Conclusion. In the paper, there were developed algo-
rithms for calculating the statistical characteristics of the
power fluctuations and finding the optimal combination of
rated power diesel generators, the wse of which for the
processing of information accumulated in the process of
SPP, will determine the need for measures to improve the
stability of the parameters of electric power in the system
and to improve the efficiency of the SPP at the conduct of
its reconfiguration. Algorithm for selecting optimal power
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diesel generators, powered paper is based on two criteria:  constant number of generators of electricity during the
the minimization of fuel consumption and maximize the  modernization of the power plant.
time congestion engines. Also, the basic condition is a
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