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Abstract- With increasing growth of power system both in terns
of geographical as well as technological advancentsn there
arises a need for different tools to address disttiances in the
power system network. The competence of system opéors in
taking real time decisions depends on their situadhal
awareness derived from the data available with thenin real
time. Extended technological advancements in inforation
communication technology have promoted the adventf @hasor
measurement units(PMU). Phasor Measurement Units h& the
potential to provide voltage and current phasors athe PMU
location, which helps in understanding state and tedth of
power system. This paper reviews various standardsef PMU
and a simple MATLAB modeling of PMU for a two bus gstem.

Keywords — Phasor, Phasor Measurement
MATLAB modelling; two bus system, Wide area measurment

(WAM).

l. INTRODUCTION

Unit  (PMU),

coordinate such as GPS. And these synchrophasers ar
measured by PMUs, which are valuable aid to manigor
protection and control functions of power systentwoek.

The PMU data also provide estimates of frequenatg of
change of frequency, real power flow, etc.

Fig- 1. Synchrophasor Interpretation

Phasor Measurement Unit(PMU), is described as dcelev There are several methods used for estimating plieso a

which can measure

phasors. PMU can also measugs@mpled signal, but the most preferred method &crigte

frequency, rate of change of frequency, power, udirc Fourier Transform, as given below

breaker status etc. In power system, phasors ad s

analyzing phasors for attaining system
Mathematically an ac signal is given by

L) =Xmeos (WE+ Bl e (2)
Xm - peak amplitude of the sinusoidal

€ - phase angle in radians

The phasor equivalent is given by
X=(xmiN21e® (2)

When these phasors are synchronized to a timeerefer
these phasors are called synchrophasors. Thisutbdohe
reference is a timing signal synchronised to Urdaktime

stability.X _ 2 -1

k=0 Xk €

The PMU plays a crucial role in wide area measurgme
system(WAMS). The system state at a specific loocats
monitored by PMU at a rate of multiple samples sEoond.
After time stamped through a common time referemiuis,
data is fed to the Phasor Data Collector(PDC) tiinou
wideband communication medium. The PDC aligns tia d
and gives it to the Historian. The Historian ardsithe data
for retrieval and post-dispatch analysis of the pogrid.

Il PHASOR MEASUREMENT UNIT - STANDARDS

174



International Journal of Emerging Technology in Conputer Science & Electronics (IJETCSE)
ISSN: 0976-1353Volume 23 Issue 6 —OCTOBER 2016 (SPECIAL ISSUE)

"IEEE Standard for synchrophasor for Power Syst@441  which are transmitted at starting of system. Outhef two
1995", was the first IEEE standard for Synchrophgso configuration PMUs, one explains the PMU capaletitand
given in the year 1995.1t mentions about UTC time c the other defines the capabilities configured apacified
ordination, waveform sampling requirements, acouretc.  time. Header frames are disorganized text propdsed
The next standard C37.118, completed in the ye&520 human understandable information. Command frame is
mentioned about Total vector error for measuringueacy, initiated by the host to begin or end the transioissThe
where the estimated phasor was vectorially compaigtd  C37.118 protocol can be used with different comroation
the theoretical phasor for the same instant of .time mediums that include serial ports, wired Ethermat fiber

optic cable.
A. C37.118-2005 Synchrophasor Standard

Command frame

This standarq prowdes' commumcatlon. formats fait tme Phasor | Cofgfmel Phasor
data transmission. This standard defines PMU - \dcde Data frame Dat

- o - Measurement ata
capable of making, communicating and storing the Config frame2 Concentrator
synchronised  phasor measurements. It  specifies Unit et ‘

communication from PMU to PDC, a device used thiare
and provide data for various analyses. The accuicy
measurement is given by vectorial difference of the
measured and the theoretical value of the phasargiten B. Limitations of C37.118
time instant, ‘i". This is referred as total vectaror (TVE).

Fig- 3. PMU Data

Under dynamic conditions, Phasor measurement was no
TVE = Ameasured —Xtheoretical | 4 100 ... ) addressed in this standard. Also frequency measntm
Xrheoretical and  communication  compatibility = with  various
communication protocols were not included, whicH te
revision of the standard. Since there is a sigaifiémpact of

tmag Measurement characteristics, two performance cdassze
'\XdF defined. P class signifies quicker response butrexige
operating range and reduced out of band filterivgclass
— provides absolute measurements with enhancediriter
> The frequency requirements included measurement of
Real

frequency and rate of change of frequency.
Fig- 2. Total Vector Error
g ﬂ!'!'o!'zl_ﬁ'.’:sm'sricc{ - f;r:scsursc'l Hz

TVE combines three sources of error: magnitude,spha

angle and Synchronisation error. As per the stahdeal = |Afineoreticar — AMimsasureal  HZ...o. (%)
time communication of messages by PMU should suppor

five types of frames: Data frames (binary format),RF,,.. .=
Configuration frame-1, configuration frame-2, Heaffame

(ASCll tex.t), Command frame (bl_nary_fo_rmat). Alsbet Two new standards were developed for the purpose of
message includes a unique ID identifying the messag

source or destination for the commands. Data framess be development of Synchrophasor technology, i.e., CE¥.1
) . . . : and C37.118.2 were the two new standards. C37.118.1
either 16-bit integer or 32-bit floating point nuerb. Along

. included all the synchrophasor measurement regeinésn

with synchrophasor measurements, analog values asich .

- oS and C37.118.2 was the standard regarding synchsopha
power flows and digital data such as circuit breatatus

. . . data transfer.
may be enclosed in the data frame. The configuratioa
PMU is described by Configuration frame and Hedidene,
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Il. APPLICATIONS OF PMU df/dt
Numerous amount of data can be obtained from PMigs& - Frequency response
applications can be categorized into real time afftine characteristics
applications. The real tlrne_appl|cat|ons_ includeuaional Detection of | Detection of
awareness through monitoring of magnitude, angléhiefe power
voltage/current phasors. It is also possible twalige the system - Time, duration, amplitude,
sequence components of voltage/current phasondrexy, oscillations frequency of oscillations
rate of change of frequency, angular separatiowdsst pair o .
. L . ) - Type of oscillations, i.e,
of nodes. The offline applications include: .
inter-area or local
- Nature of oscillations
Forensic Identification of (damped or undamped)
analysis of _ _ _
grid events - Grid Incidents inter/other Coherent group of generators
region
. V. SKETCH OF PMU TECHNOLOGY
- Fault type, i.e, LLLG, LLG,
LG, LLL, LL The instantaneous values of voltage and currents ar
- Fault nature (Short circuited converted to a measurable range (typically in tege of
or highly resistive) +10V) with the use of instrument transducers.
- Time of fault and sequence of
events
- Fault clearance time and CET || Fiter |0 Samp““%J" Compraston J“’ e |*] g
probable location of fault
- Possible protection . _
operation/misoperation Fig.4. Working of PMU
- Voltage recovery post fault These values are fed to the ADC. The low pasg fltts as
clearance S . . .
anti-aliasing filter to remove high frequency noisehe
Post- Validation of digital signal processor calculates the phasor el ag the
dispatch magnitude of voltage and current with the use ofTDF
analysis of - Steady state network model algorithm. The GPS receiver receives lpulse peprskc
grid o i ite i ; i
operation - Transfer capability clock ;lgnal frgm GPS sgtelhte in order to syna:hze \{wth
declaration the universal time co-ordinate, so as to realizekgonized
measurements at multiple locations across the peystem.
- Simulated short circuit Then the synchronized data are transmitted to thesqr
current data concentrators through the communication iaterf(for
- Substation disturbance record example serial communication).
- Substation event log V. 2BUS SYSTEM TEST MODEL & RESULTS
Computation of To analyze the performance of a PMU, a simulink ehad
a PMU has to be built. The output of the P.T isspds
- System inertia constant using through a low pass filter to filter out high frequoy noise,
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which is then sampled to obtain discrete data. mBiec = -
Fourier transform is performed on this discretead&d %337—'—
extract the phasor estimates of the voltage. 2 %::j
T Sm Tom 150 00 200 @00 300 4000

time (ms)

Fig.6. Voltage magnitude and phase angle of @las
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Fig- 8. Simulink model of a 2-bus test system
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Fig- 9. Sub system Simulink model of the PMU
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determines the performance of WAMS for monitoringl a
control of modern power grids.
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Fig.10. Positive sequence magnitude and anglelfase‘a’ of PMU1
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Fig.11. Positive sequence magnitude and anglelfase‘a’ of PMU2 [8]
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VI. CONCLUSION

It can be observed that under normal condition, Waand [9]
Vc magnitudes are equal, i.e. 10V and phasorsiaptaded
120° apart with Va at 90°, Vb at -30° and Vc at01as [1q)
shown in fig. 5-7. When we pass these phasors girau
sequence analyzer, we obtain the positive, negatidezero [11]
sequence output. Positive sequence output of bo¢h t
PMUs is compared to verify the synchronized outpst [12]
shown in fig.10 and fig.11. The positive sequenokage
magnitude and angle of PMU 1 is 7.5V,90° and that o
PMU 2 is 7.6V,86° respectively.

Real-time testing and analysis of hardware of a PMU
involves huge expenditure and time. For overconsngh
restrictions, matlab Simulink based approach hasnbe
demonstrated in this paper. The PMUs are the imgild
block for large power grids and their performance
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