50 years University of Mining and Geology “St. Ivan Rilski”

Annual, vol. 46, part Il Mechanization, Electrification and Automation in Mines, Sofia, 2003, pp.149-153

SYSTEM FOR MEASURING CONTROL AND MONITORING OF POWER
CONSUMPTION AT THE DRESSING PLANT OF THE “ELATSITE-MED” Co

lvan Stoilov Kiril Djustrov Mento Menteshev Anton Trapov

University of Mining and Geology ~ University of Mining and Geology "SMS - S” Ltd. ComSystems Ltd.

*8t. lvan Rilski” “St. Ivan Rilski” Sofia 1164, Bu;garia 30 Vrabcha Str.

Sofia 1700, Bulgaria Sofia 1700, Bulgaria 8 Krivolak Str. Sofia, Bulgaria

E-mail: stoilov@mgu.bg E-mail: justrov@mgu.bg - E-mail cmc_c@mail.orbitel.bg  E-mail: ComSystems@ttm.bg
ABSTRACT

A microprocessor system for measuring all the values, characterizing the power consumption of the whole enterprise is commissioned. The active and reactive power
of at all the inlets and outlets of the GPP 110/20/6 kV are visualized. Daily and monthly record of consumed power and the power factor for different rate zones for
each outlet and for the whole enterprise is printed automatically. Power consumption is evaluated for different outlets of the enterprise and for the enterprise, as a
whole, according to relevant regulations. A load schedule is printed for specific workshops and for the enterprise as a whole.

With the commissioning of the automated system an opportunity is established for optimum regulation of loads in the specific rate zones, which is a precondition for
reduction of power consumption. Control of electric power consumption in the specific departments of the enterprise is improved. The needed technical preconditions
for observation of the requirements of the power producing company and avoiding penalties is absolutely possible.

STRUCTURE OF THE SYSTEM

The linear scheme of the main sub-station (fig. 1) shows
the zones, which control power and power consumption. At
both ends of the ORU 110 kV there are three thri-phase
transformers for active power, for reactive (inductive) power,
for reactive (capacity) power. Two thri-phase transformers
for active and for reactive power are mounted at all the
outlets of the KRU 20 kV and 6 k¥. Qutgoing direct current
unified signals 0 — 5 mA from all transformers (totally 32
transformers) are brought to the microprocessor system by
multiple screened cables. They enter a converter, where
current signals are transformed into voltage: from 0 — 5 mA
into 0 - 10 V. Signals are scanned and identified from the
controller and then they are supplied consecutively to the
computer, which process them in real time.

Consumed power of voltage 110 kV, of voltage 20 xV and
voltage 6 kV are visualized selectively on the background of
linear schemes shown in the monitor (fig. 2, fig. 3, fig. 4).

Information about consumed power, calculated by the
data of all transformers, is printed in an appropriate layout at
certain given intervals of time. Data for each day, for each
month and for the whole year are printed automatically.

The system is incorporated to a circuit of 220 V by an
uninterrupted power supply (UPS), which guarantees work
without supplied voltage for 15 min.

APPARATUS

The microprocessor system is constituted of modemn
. glements.
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Preliminary transformers for power:

- for active power — type E 829/1

- for reactive power— type E 830/1

with parameters at the inlet: voltage: 100 V; current 2,5/5 A;
outgoing current: direct current 0 - 5 mA,;

Maximum resistance of charges Rt 3 kQ;

Class of precision 1,0;
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Converter current-voltage I/U

Type: PCLD 880; Voltage at the outlet for inlet 5 mA - 10V,
Resistance of load - 2 «Q; Precision of resistors - 0,1%;
Number of active inlets 32

Controller microprocessor

Type: PCL 813B; Number of channels 32; A/D convertor 12
bits; Inlet voltage: Bipole + 5V; + 2,5V; single pole 0-10V; 0

Software
General characteristic
The software of the system is constituted hierarchically. The
operational media is WINDOWS'98

At the first Jeve! of selective scanning of data from the 32
preliminary transformers of power (15 for active power and
17 for reactive power) and their addressing into the PC

Cucrema sa Undposo caniene - 000 : (PCL-8138 L/0=210H]

-5V; 0-2,5V; 0-1,25V; Time for converting 25 ps; Resistance at
inlet > 10 MQ; Ambient temperature: - 20 + 65°C; Precision +
0,01%

Computer configuration

There is a computer configuration of standard elements:
processor, monitor, printer and uninterrupted power supply -
"APC" Back UPS 300 Ml '

L KPYZTDkY KPY BRY 3PU 1
32 cerunml - condmal

_F_fgu.‘_ré 2 R

apply the software products Activ DAQ and Visi DAQ and Ver 11
~ installation.

A specialized software program "ELATZITE" is developed for
the second level of processing of information and calculation.

All the installed software products are authorized.

uure woa® AL ¢ Mupkoao, COpMAKa DBAacr e 5370

e  DBOFATUTENHA PABPUKA
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The basic requirements towards the software uniting both
levels in WINDOWS media correspond to the relevant
principles.

They are as follows:

nguré. 3
The system acquires, processes and stores information in real
time.
Scope of the system
- Inlets for measuring at 110 kV:
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‘Murgana” and “Galabets”

- Qutlets for 20 kV:

Pumping plant “Benkovski I”, pumping plant “Benkovski II",
pumping plant “Karlievo”

-Qutlets of workshops for 6 kV:

Workshop medium and fine crushing 1 (CCT 1)

Workshop medium and fine crushing 2 (CCT 2)

Workshop medium and fine crushing 3 (CCT 3)

Crushing-flotation department (Main building 1)
Crushing-flotation department (Main building 2)
Mechanical-repairing workshop (PML 1)
Mechanical-repairing workshop (PML| 2)

Boiler heating department

Electrical repairing department (EPL)
Administration

Thosert © CET-I FMI- Aweserpomsn COT <SP 28008
mm:l_f_ M CoTgm28
eoso-l).ifl- i

Figure 4

Directly measured and calculated values:
Active power P - for all inlets and outlets, values are
obtained as:

P=k k,k,m,

where:  k, is a factor of transformation of the current
fransformer

k, - factor of transformation of voltage
fransformer
k, - factors of transformation of power

fransformation

m - digit, read by ALIM
-Reactive power Q - calculated according to the same way,
including:
with inductive character Qu - for all the inlets and outlets;
with capacity character Qc - only for two inlets (110 kV).
Calculated values:
- power: average values are calculated for intervals of time
5s and 30min
- Average values for cosg - for 5 s and for 30 min

Remark: The average power for 5 s is considered and
visualized as a momentum value:
- Power:

active Wa=2Pit:

reactive Wi=XQui.ti u We=2Qc. t
- Cost of electric power is determined according to acting
requlations for evaluation and rates of electric power. Daily,
monthly and annual cost of electric power for the peek, daily and
night rate zones and the backward reactive capacity power in the
system.
- Normed limits. When certain limits are introduced for specific

values L, the percentage of consumed portion is calculated
N,

(x)-

L= 100 %
% . '

(x)

Measurements and calculations of all the parameters is done
according to zones of different rates:
- power, energy and currency expenses:
peek — subdivided for two parts of the day
daily — subdivided into three parts in the day (from the
peek zones)
nightly
- average values of coso for the day and the month:
daily (calculated by the total power consumed in the
peek and the daily zones):
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Figure. 5
Storage of information - data for cost of electric power: peek, daily, nightly;

Momentum values of the active, reactive power and cos@
(average for 5s) are saved for 30 min.

All the average data for 30 min are saved for a period of
time not less than 5 years.

Constants, that should be introduced by the operative staff
(in case of relevant protection).

- factors of transformation of measuring transformers,
current transformers k=x/5 A and voltage transformers
ku=x/100V;

- factors of transformation of power transformers k, and
kU

- rate zones in astronomic time (hours) for the power: peek,
daily, nightly rate zones;

- rate zones in astronomic time (hours) for cose: peek plus
daily and nightly rate zones;

- given limits (if there are any)

- data for correction of the factor for payment of reactive
energy depending on the average monthly values of

COS (ue.

- corrections for dates and astronomic time;
- corrections for time for reading and processing of data
(scanning, average, visualization, record etc.).
Visualization
A linear scheme of OPY 110 kV, KPY 20 kV and KPY 6 kV is
shown in a main and two additional menus. The screen has a
window for visualizing the rate zone in the moment of measuring.

For all the inlets and outlets there is a visualization of the
momentary values of the active power P, reactive power Q and
CcOSQ.

In the main menu the backward reactive power Q: in the system
is also visualized, combined with a sound signal.

The main menu indicates also the cos@ep, calculated from the
beginning of the month till the moment of observation..

The window “ADMINISTRATOR" organizes and visualizes all
the service programs and records for printing at the printer.
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Figure 6
Documentation The micro-processing system is commissioned in March 2000

-the following records are printed each day at 6.00 h:
“Consumed electric power”, which includes all the
inlets and outlets, energy for different rates,
average values for: cos @cp - daily (peek + daily
zones) and nightly and returned capacity power ~
fig..5
“Cost of electric power” — expenses in leva,
including all inlets and outlets for zones and a total
“Daily loading schedule”, which includes data for
hour active and reactive power, totally for the
enterprise and for all the outlets of KPY 20 and
KPY 6 for the substation.
-each month is printed the following:
"Monthly consumption of electric power" for
different rate zones, with calculated cos ¢cp — dalily
and nightly rates and returned capacity power.
"Annual expenses for electric power" for the zones
with a calculation of different rates according to
relevant regulations for cost and rates ~ fig. 6.
Assembly

The complete system is positioned at one of the fields of
the central panel of the sub-plant.

Recommended for publication by Department of
Electrical Engineering, Faculfy of Mining Efectromechanics

and has been working since.

Records for consumed electric power, expenses in leva and
daily schedule are presented to the professionals from the power
supply department of the enterprise. Analysis of information
provides an option for in-time activities and effective power
management. Having in mind that the dressing plant of “Elatsite
med” Co is a power consuming enterprise (the average power
consumption is nearly 30 MW) the skillful management of power
consumption brings to significant savings of currency.
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