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Abstract

The most of previously realized and implemented Distributed Control Systems (DCS) for the electric-
ity consumption control are based on a control at the transformer substations level (transformer output
cells level). In order to make such DCS systems, applicable to a wide variety of consumers, the new
components are added into the existed DCS (transducers, controllers, communication modules, etc.). In
that way, the realized DCS becomes easily applicable to almost all types of electricity consumers. Also,
the DCS should be low-cost, to be available to the targeted customer groups. This paper presents the
characteristics of recently realized transducer (AC current to DC voltage). The application of such de-
vice in the realized DCS enables measurement the electricity consumption of almost all electrical con-

sumers in the industrial facilities, as well as in the households.
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INTRODUCTION

The Department of Industrial Informat-
ics in the Mining and Metallurgy Institute
Bor (MMI Bor), Serbia, has a long tradition
in design and application the DCS for moni-
toring and control the industrial processes
and electricity consumption [1-5]. The elec-
tricity costs include the peak power costs at
a certain time interval (e.g. 15 minutes).
Such costs can be significantly reduced by
switching-off or delaying to switch-on the
certain electricity consumer or a group of
consumers for several minutes. In this way,
the electricity consumption optimization

system actually limits the amount of electri-
cal energy consumed over a designated in-
terval of time.

Most of the previously realized systems
for the electricity consumption control are
based on control the transformer substations
level (cells level). In order to create the
DCS applicable to a wide variety electricity
consumers, the new components are intro-
duced (transducers, controllers, communica-
tion modules, etc.). The new DCS should
satisfy a requirement that the measurement
accuracy remains unchanged in relation to
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the previously implemented systems. In this
paper, the characteristics of recently rea-
lized transducer (AC current to DC voltage)
are presented. The application of such de-
vices enables measurement the electricity
consumption of almost all electrical con-
sumers in the industrial facilities, as well as
in the households.

DESIGN AND APPLICATION

The electric power and current trans-
ducers are the basic elements of every elec-
tricity consumption control DCS. The AC
current to DC voltage transducer (hereinaf-
ter - transducer), presented here, can be
used to measure the alternating current of

electricity consumers within a band deter-
mined by the power of consumer, a fre-
quency of 50-60 Hz. Such input signal
transducer converted to the output voltage
signal in the range 0-5 V DC, which is gal-
vanically separated from the input signal.
That output signal is suitable for further
processing by the DCS.

The transducer is housed in a standard
plastic case, with the degree of protection
IP20. The unit is designed for installation on
a standard DIN rail (35 mm) in accordance
with the standard EN 60715. On the front of
housing (as shown in Figure 1), there are 12
terminal clamps, arranged in two rows of 6
terminals.

Figure 1 Front panel of the transducer

Terminals 1 and 6 are intended for the
voltage supply of transducer, 230 V AC.
Terminals 3 and 4 are intended for con-
nection the main electric circuit of the
electricity consumer. The wiring diagram

of connecting the transducer into the elec-
tric circuit of electricity consumer is
shown in Figure 2. Terminals 8 and 11 are
transducer output terminals (0-5 V DC,
max 100 mA).
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Figure 2 Wiring diagram of connecting the transducer into the electric
circuit of telectricity consumer

PRINCIPLE OF OPERATION

The transducer components are located
on a single-sided PCB, as shown in Fi-
gure 3. The transducer itself consists of
the power supply, current transformer/

sensor, inverting amplifier, precise dou-
ble-sided rectifier, and output stage. The
circuit diagram of transducer is shown in
Figure 4.

_|
Figure 3 Single-sided transducer's PCB with the attached components
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Figure 4 Circuit diagram of a transducer
Power Supply

Power supply

of a transducer supplies

the electronic components with £12 V
DC. It consists of the voltage transformer
TR1 (220 V AC, 2x12 V AC, 2 VA),

Graetz bridge 1.5A, voltage regulators IC1
(78L12) and IC2 (79L12), and electrolytic
capacitors for filtering the supply voltage,
referred as CF1-CF6 in Figure 4.
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Figure 5 ASM-010 current sensor characteristics[6]
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Current Transformer/Sensor

A current transformer is an instrument
transformer in which the secondary current
is substantially proportional to the primary
current. Current transformers are switched
on the primary circuit regularly because they
need to reduce the current being measured.
This is the reason they practically work in a
short circuit regime. The transducer, shown
in Figure 3, uses a miniature current sensor
type: ASM-010/TALEMA. A typical cha-
racteristic of the ASM current sensor is
shown in Figure 5 [6]. The accuracy of
measurement can be improved by an ade-
quate selection the accuracy class of the
current sensor and other associated electro-
nic components.

Inverting Amplifier

An operational amplifier (OP) IC3:A
with resistors R6, R7 and potentiometer P1
forming inverting amplifier arrangement is
shown in Figure 4. Non-inverting input of
the IC3:A is bound to ground (zero poten-
tial). Since the input voltage of an ideal OP
is zero, the inverting input of the OP IC3:A
is virtually on the potential of ground. Since
the input current of OP is zero, all input cur-
rent is closed over R7 and P1. The amplifi-
cation of this amplifier is negative and equal
to -(R7+P1)/R6. The input resistance of this
amplifier is equal to the resistance of R6.

Precise double-sided rectifier

OP amplifiers IC3:B and IC3:C, diodes
D3-D4 and resistors R1-R5 forming a pre-
cise double-sided rectifier are presented in
Figure 4. When the input voltage is positive,
the diode D4 leads and on its anode, the
voltage is equal to the input one, but with the
opposite polarity. In the second OP (IC3:C),
this voltage is only inverted and a positive

voltage with single amplification is obtained
at the output of the rectifier. Both OP ampli-
fiers work as the inverting amplifiers with
unity gain. When the input voltage is nega-
tive, the feedback circuit of the first OP
(IC3:B) is realized via diode D3. The input
current is negative and it is divided in the
ratio of 1:2, with one third going upstream,
and over R2 and R4 entering the second OP,
and two-thirds closing via D3. The gain is,
therefore, £1 depending on the polarity. The
output voltage is not affected by the voltage
drops on diode; hence, the circuit acts as a
precision rectifier (absolute value detector).
The circuit is simple because the resistors of
equal resistance are used. The disadvantages
of the circuit are that there are only a unit
gain and small input resistance [7].

Output Stage

The OP amplifier 1C3:D, transistor T1
(BC337), resistors R8, R10, R11 and capa-
citors C1 and C2 forming the voltage con-
trolled current source are presented in Fi-
gure 4. The OP amplifier IC3:D acts as a
voltage comparator. Non-inverting input of
the OP IC3: D is connected to the output of
precise double-sided rectifier through an
integrator, formed by the R8 resistor and
capacitor C2. The output stage provides a
greater current availability due to the use of
transistor at the output instead of using the
direct output from the OP. The OP IC3:D
and transistor T1 ensure that the voltage
over resistor R10 is kept equal to that co-
ming to the non-inverting input of the OP
IC3:D. The voltage on the resistor R10 is
proportional to the AC current at the input
of the transducer. Adjustment of the trans-
mission characteristics of the transducer is
done by a potentiometer P1.
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TRANSDUCER APPLICATION

As an example of transducer applica-
tion, the overload protection of the low
voltage electric motor is presented (con-
trol box shown in Figure 6). Figure 7
shows a circuit diagram of the electric
motor overcurrent load protection system.
The protective element compares the pre-
set maximum current load with the actual
current load, measured by the transducer.
When the actual current value exceeds the
preset maximum, the protection system
activates the sound and visual alarm. This
scheme (on/off regulator) could also be
applied for the electricity consumption
control. If the electric motor is the elec-
tricity consumer that can be stopped for
several minutes, it can be used to avoid

the peak power or exceeding the allowed
value for electricity consumption of the
factory/facility. In such case, the addition-
al electronics (Arduino board DCS node)
has to be added into the existing overload
protection system, as shown in Figure 7.
Hence, the information about the actual
electricity consumption of electric motor
is forwarded from the Arduino board, that
serves as a DCS node, via the wireless
network to a DCS control level (PC work-
station).

Based on the actual electricity con-
sumption of the factory/facility, and other
elements, contained in the control algo-
rithm, the DCS decides whether to turn off
the electric motor or not.

Figure 6 Transducer applied for the electric motor overload protection [8]
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Figure 7 Circuit diagram of the electric motor overload protection system[8]

CONCLUSION

In this paper, the main characteristics of
the recently realized transducer (AC current
to DC voltage) are presented. The appli-
cation of such devices enable measurement
the electricity consumption of a wide variety
of electrical consumers in the industrial fa-
cilities, as well as in the households. The
device is easy to manufacture, install, cali-
brate and maintain. In the practical applica-
tion, in the overcurrent protection systems, it
has shown a good stability and reliability. It
is expected that in the near future it will be
extensively applied in the electricity con-
sumption control systems.
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