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Abstract This paper develops power measurement system with multiple sensor input channels (voltage-8 channels
and current-10 channels) that simultaneously can monitor power components for both supply and load side of power
system. The hardware implementation of the proposed system is based on TMS320C42 DSP and signal processing
program algorithm to calculate power components use the definition of IEEE Standard 1459-2010 related power
quality. The performance of the developed system is tested by using standard ac power source device, and the test
results showed that accuracy of the developed system is less than 0.2 %. Also, field test of the proposed system in
the three-phase and four-wire power system was implemented. Simultaneous multiple channel measurement and
analysis of power components in commercial and industrial electrical power system using the proposed system will
be necessary to reduce power quality problems.
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1. Introduction caused by nonlinear loads such as inverters, rectifiers

and DC power supplies produce malfunction of control

Power quality (PQ) including harmonics, voltage  devices, data loss of computer systems and overheating

dips, brief interruptions, transients, power factor, and of cable and transformer in today’s electrical power
unbalance can cause problems of the operation of the system [2].

supplied equipment [1]. Especially, electrical harmonics Many standards and guidelines related power quality
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were developed. In order to deal with power quality, the
International Electro-technical Commission (IEC) has
developed IEC 61000 series called Electromagnetic
Compatibility (EMC) Standards and the Institute of
Electrical and Electronic Engineers (IEEE) has
published IEEE 1159 that defined categories and typical
characteristics of power system electromagnetic
phenomena. Some of the other organizations have
developed their own standards such as ANSI, NEMA
[34].

These concerns about PQ created the needs of the
measurement of power components such as active,
reactive and apparent power, root-mean-square (RMS)
values of voltage and current, power factor and PQ
[2,3]. Especially, commercial and industrial companies
more need the PQ monitoring system to reduce product
quality problems, process down, computer equipment
disturbance, and other equipment failures by PQ. These
systems have many advantages for both end uses and
utility companies [5].

There are many variants of power measurement
available in the field ranging from hand-held
mstruments to portable monitors. These instruments or
monitors have voltage 4-channel and current 5—channel
and provide three-phase and four-wire metering.
Therefore, they can measure power components of only
one side that is supply or demand side of three-phase
and four-wire power system.

But, some applications require simultaneous power
components measurement and monitoring for both
supply (or source) and load (or demand) side of power
system should be implemented in order to effectively
mmprove energy efficiency and solve problems related
PQ [4].

This paper presents a power monitoring system that
simultaneously can measure power components with
(voltage-8
channel) input sensors for supply and demand side of

multi-channel channel and current-10
power system. The proposed system use a floating
point digital signal processor (DSP) TMS320C32 and

14bit analog to digital (A/D) converter AD 7865 that
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simultaneously convert analog signals into digital
signals. In order to measure electrical power
components, definitions of [6,7] and related standard
IEEE 1459-2010 are used [8-13]. The system can
measure the current and voltage values including
harmonic content, the active, reactive, and apparent
power, the power factor, the voltage and current
harmonic, the total harmonic distortion (THD) and so
on.

Accuracy of the voltage and current measurement,
active and apparent power measurement, harmonic
analysis by the developed system has been tested by
using standard ac power source FLUKE™6100A. The
test results show that accuracy of measurement is less
than 0.2 percent. In the field test of the developed
system, the power components measurement for all
phases of load and source side in three-phase power

system was simultaneously implemented.

2. System Implementation

2.1 System Design & Implementation

Fig. 1 shows the basic structure of the proposed
system. The proposed system is largely divided into
three subsystems of signal conditioning and acquisition
subsystem excluding voltage and current sensors
(voltage-8channel and current-10 channel); digital
signal processing and storage subsystem; and the user

interface system.

Signal conditioning

& acquisition Valtage &
(J—\mmem siangl
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[Fig. 11 Basic structure of the proposed system
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Voltage measurement is done by probe—type voltage
sensors (accuracy: 0.0 5%) and current measurement is
done by clamp-type current sensors. In the input signal
conditioning and acquisition subsystem, voltage divider
using a high precision resistor (accuracy: 0. 1 %) and
low pass filters to prevent voltage and current signal
above 3 kHz were designed. Sampling frequency of
768 kHz (128 samples per cycle) is chosen so that the
proposed system could measure up to 50™ harmonic of
60 Hz. This system allows signals with maximum
rated voltage 750 V.

In order to simultaneously convert the analog
signals of voltage 8 and current 10 channels into digital
signals, A/D circuit was designed by using Analog
Devices 14bit A/D converter AD 7865 having analog
input 4 channel of AC level and conversion start signal
mput ability. This device can simultaneously convert
analog signals into digital signals.

After operating conditions of A/D channels are
determined and the pertinent timer interrupt and the
address to store A/D data are assigned, the timer
interrupt is operated and voltage and current signal
data are converted to digital data. Relevant interrupt is
operated by A/D end signal and A/D raw data are
stored in the memory. 14hit A/D raw data convert into
32bit raw data that is suited to the DSP. In order to
minimize calculation and conversion error, these raw
data are converted to magnitude of real data.

Digital samples are transferred to digital signal
processing and storage subsystem. The proposed
system adopts The TMS320C32 is high—performance
32-hit floating—point DSP for signal processing. The
interface circuit between the DSP and the external
digital elements such as the A/D converter, memory
and others was designed by using Altera’s erasable/
programmable logic device (EPLD) EMP7128 so that
the interface circuit can keep up with operation speed
of the DSP that is operated in the high frequency of 60
MHz.

In order to save the data calculated by the DSP and
quickly perform processor program, the memory block
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was designed by connecting 4Mbit S-RAM K6R4008 in
serial and parallel. The program memory of the DSP
was designed by using AMD's FROM 29F040. In order
to meet abnormal conditions such as operating error
and power failure and save measurement environment
and processing states electrically erasable PROM
(EEPROM) 241.C32 was connected to the DSP.

User interface subsystem using personal computer
(PC) program and display device vacuum fluorescent
device (VFD) can provide users with access to the
monitoring and analyzed data. The proposed system
had serial ports using standard RS 232 protocol for

interface  with PC.  Universal  asynchronous
receiver/transmitter (UART) IC PC16550 as the serial
and parallel conversion element of data for

transmission and reception of data between the
developed system and PC, and Maxim's MAX232 for
RS232C interface with PC was used. Finally, PC
program to confirm data measured the proposed

system is developed as shown in Fig. 2.
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[Fig. 2] Front panel of the developed PC program for
viewing data and graphs.

2.2 Signal Processing

IEEE 1459 definitions or expressions of [5-7] are
used in the developed system to calculate the power
components such as power factor and active, reactive
and apparent power. For single-phase non-sinusoidal
system, The RMS (root mean square) values of

voltages and currents including harmonics are
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where is the harmonics order, M is the highest

harmonic, and V), and I, are respectively the voltage
and current RMS values of the hth harmonics of the
fundamental frequency.

Calculating of power components of system having
nonlinear load is somewhat more complicated than if
the current were sinusoidal. Because of harmonic
distortion of current or voltage the calculation of power
components (apparent, active, reactive power) is very
difficult. The total active power could be presented as
a sum of components related to the fundamental and

other harmonics:
M
P=P +P,= E VI?,MS},IRMS},COS (9/,) @)
h=1

Where P, is the fundamental active power, while P,

comprises the sum of all higher components and is

referred to as harmonic active power, 6,is the phase
angle between V), and I,.
The total reactive power to be calculated as:

Q=0 +@, 4)

M
= Z [VRMS Arus 1,SIN (0, )P
h=1

M
= 12 + 122 Q}?
-

Equation 4 eliminates the situation where the value
of the total reactive power @ is less than the value of

the fundamental component @ The apparent power S
is calculated as a product of RMS values of voltage and

current:

M M
_ * _ 2 * 2
§= IR]WS VRAJS - ]E VRJ[S,, ]E IRJ\’TSL (5)
h=1 h=1

The power factor (PF) of a load or system is

generally accepted as the ration of the active power to
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the apparent power:

-9
PF=-¢ ©)

The total voltage harmonic distortion is defined as

M

2
2 Vmﬁ
h=2

Virmp = T @

Also, the total current harmonic distortion is defined

as

M
2
2 VRJUS i
h=2

VTHD = T (8)

According to IEEE 1459-2010,
unbalanced  and

conditions, the voltage and currents in each phase could

in three—phase
systems  with non-sinusoidal
by using (1) and (2). In this case, three current phasors
are not shifted exactly 120° with respect to each other.
And the all power components are the sum of the
power phase.

The calculation of power components (P,Q,S)defined
above are 1s based on sampled instance of voltage and
current. Fast Fourier Transform (FFT) of the sampled
waveform calculates voltage and current harmonic
order and magnitude, and total voltage and current

harmonic distortion (Vg and Ipgp).

3. Experiment results

3.1 Accuracy Evaluation

To reduce error due to the voltage divider, the
voltage—follower, the low-pass filter and gain of ADC,
software revision of the development system was
performed. The accuracy of power (active, reactive and
apparent power) and harmonic measurement was
tested by comparing reference data supplied by the
electrical power standard system (FLUKE 6100A) with
data measured by the developed system as shown in
Fig. 3.
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Fig. 4 shows the voltage measurement error (%) for
different of reference input voltage by power standard
instrument. The error is less than 0.2 %. The current
measurement error is less than 0.2 % excluding error
(%) below 10 A as seen in Fig. 5.

Electrical Power Standard
[FLUKE™ 6100A)
-
Y
Digital Dscilloscope
The DevelobedSystem | | ¢ reyyronixeTDS7108)

[Fig. 3] The accuracy test method
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[Fig. 5] Current measurement error (%)

3.2 Field Test for Power Components
Monitoring

In order to verify simultaneous power components

the developed

system was connected with load and supply side of

monitoring using multiple sensors,

three-phase power system as shown in Fig. 6. The
power system used 75 HP and 100 HP DC motors, an
extruding machine, an air blower, and other loads in
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order to produce the automobile soundproofing material,
and the capacitor bank for compensation of reactive
power and suppression of harmonics was installed. The
power system, in order to effectively prevent power
disturbances and improve energy efficiency, needs
simultaneous measurement of power components for
both supply and load side (or demand side) of power
system by the proposed method.

300KVA
22.9kv/220V
[three phase
~tour wire]

Supoly side

Tne Proposed
System MCCB

Load side

Motor
ontroller
Other
Loads

75 HP 100 HP
OC Motor  OC Mator

Capacitor bank

[Fig. 6] Wiring diagram for field test of the proposed
system

Fig. 7

waveforms of supply and load side monitored by the

shows the results to analyze current

proposed system. In the test results, variation of
current waveform by the capacitor bank installed in the
power system can be simultaneously confirmed. Fig. 8
and 9 indicate the experimental result of simultaneous
active and reactive power monitoring. Improvement of
power factor by the capacitor bank can be easily
confirmed by monitoring power components like as
active, reactive and apparent power of supply side and
load side. Fig. 10 and 11 demonstrate current harmonic
spectrum and voltage harmonic data measured by the
proposed system respectively.

In this test, the effectiveness of the capacitor bank
is easily confirmed by comparing harmonic spectrum
and data of supply side with harmonic spectrum and
data load side. All the tests appear to confirm the
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effectiveness of the proposed solution for simultaneous
power components measurement for both supply and
load side of the power system.
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[Fig. 7] Simultaneous current waveform monitoring

results: (a) Supply side (b) Load side
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[Fig. 8] Simultaneous active power monitoring results
(16.7ms/div): (a) Supply side (b) Load side
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[Fig. 9] Simultaneous reactive power monitoring results
(15minute /div): (a) Supply side (b) Load side
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[Fig. 10] Simultaneous current harmonic spectrum
monitoring results (a) Supply side (b) Load
side
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[Fig. 11] Simultaneous current harmonic data monitoring
results: (a) Supply side (b) Load side

4. Conclusions

The power monitoring system with multiple
sensor channels (voltage-8 channels and current-10
channels) to simultaneously analyze power components
and harmonics in several points of power system has
been designed and implemented. Voltage and current
measurement errors of the developed system were
revised, and accuracy of power (active, reactive and
apparent power) and harmonic measurement was
tested by comparing power components outputted in
the standard ac power source with that calculated by
the developed system. All the test results show that the
measurement error is less than 0.2 %. For field test, the
developed system was connected with load (or
demand) and supply (or source) side of three—phase
power system that the capacitor and inductor to
improve power factor were installed.

As the results of field test, it was certificated that
monitoring of power components for all phases of load
and source side using the developed system with
can be
implemented and the developed system can be

multiple sensor input simultaneously
effectively applied to measure power components of
power system in order to solve power disturbances.
Consequently, the proposed power monitoring System
can be applied to meet the specific requirement such as
several point power monitoring or analysis. Future
work to reduce the measurement error and minimize

the proposed system will be need.
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