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SfFf’l‘?C'a' .Proltet(':tlon Sche[ne,t W?}'Cﬁ‘ is based dotn amlﬂar@mount Ct’f power system protection and control in the literat{8-9].
offine simufation runs. Last, chatlenges and techology gaps 10 are the present technology is classified as ptiote relay,
implement the proposed idea are discussed. . .

local control, and centralized control for illustve purposes.
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A. Protective Relay

_ _ Distance relaying
THE present technology in power system protectiod an pijstance relay is the mostly commonly used relay fo

control has been considered unsatisfactory to geod transmission line protection. Distance relays measwltage
robust, fast, and efficient support to system-wdésturbance. and current and also compare the apparent impedaitce
On one hand, the present protection and controlesys relay setting. When the tripping criteria are resthdistance
consist of many devices across the system and ldwekya relays will trip the breakers and clear the fatilgpical forms
system-wide coordination scheme. This sometimesacasen of distance relays include impedance relay, mhaayrel
the system conditions during emergency. On therdtaed, modified mho relay, and combinations thereof. Usgyal
settings of protection devices and parameters aftreb distance relays may have Zone 1, Zone 2 and Zaeé&as to
systems are pre-determined based on off-line stinnlaesults cover longer distances of transmission lines wittlaged
and remain fixed regardless of system operatinglitions. response time as shown below: _

The latest development in communication, control arf Z0n€ 1 relay time and the circuit breaker respdinse may
computing systems has attracted increasing interegbower be just 2-3 cycles L .
engineering community to explore possible solutitméuild : ione g re:ay response t!me IS tyk?lcallg/ 0'3'0'3)966
more robust power systems [1-2]. Such systems gHmubble one 3 relay response time Is about 2 seconds.
to fully utilize the real-time, system-wide infortian, Figure 1 shows the Zone 1, Zone 2 and Zone 3 distan
dynamically adjust the protection and control, afigctively relay characteristics.
restore the system to normal conditions. With théson, the
concept of a self-healing protection and contrabtem is
proposed and discussed in this paper. Differenin frine
previous discussions in [1-2], this paper presemtsnore
detailed approach about a possible implementatfoa self-
healing protection and control system.

This paper is organized as follows. Section Il egd the
present technology of protective relays, local oaet and

system controls. Section Ill presents the posspreblems Fig. 1: R-X diagram of Zone 1, Zone 2 and Zone St@ice Relay
Characteristics.
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maintain a balance between load and generationacth e Generator excitation system is to improve poweresys
separated area. Moreover, separation should beorpefl stability and power transfer capability, which ahe most
quickly and automatically in order to minimize ttlisturbance important issues in bulk power systems under hézawy flow.
to the system and to maintain maximum service oaitji via The primary task of the excitation system in syoobus

OOS blocking relay and tripping relay.

generators is to maintain the terminal voltagehef generator

During a transient swing, the OOS condition can ks a constant level and guarantee reliable maabeeations

detected by using two relays having vertical (orcular)
characteristics on an R-X plane as shown in Fidf the time
required to cross the two characteristics (O0OS1@8&2) of
the apparent impedance locus exceeds a specifladsyahe
OOS function is initiated. Otherwise, the disturbamwill be
identified as a line fault. The OOS tripping relay®uld not
operate for stable swings. They must detect alialnhs swings
and must be set so that normal load conditionsateicked
up. The OOS blocking relays must detect the cammlitiefore
the line protection operates. To ensure that lalaying is not
blocked for fault conditions, the setting of théags must be
such that normal load conditions are not in thekiloy area.
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Fig. 2: Tripping zones and out-of-step relay.

B. Local Control

in all operating points, which achieves the gowagrfunctions
of (1) voltage control; (2) reactive power contr(3) power
factor control with excitation current limitatiostator current
limitation and rotor displacement angle limitatitinked to
governor.

On-Load Tap Changer (OLTC)

OLTC is applied to keep the voltage on the low ag#
(LV) side of power transformer within a preset déathd such
that the power supplied to voltage sensitive ldadsstored to
the pre-disturbance level. Usually, OLTC takes tseconds
to minutes to respond to the low voltage event. OLihay
have a negative impact to voltage stability becalhigger
voltage at the load side may demand higher reactiveent to
worsen the reactive problem during a voltage iristalevent.

Shunt Compensation

The shunt compensators in bulk power systems ieclud
traditional technology like capacitor banks and new
technologies like Static Var Compensator (SVC) &fd\Tic
COMpensator (STATCOM). SVC consists of shunt capesi
and reactors connected via thyristors that opeaatepower
electronics switches. They can consume or prodeeetive
power at speeds in the order of milliseconds. Ora@nm
disadvantage of the SVCs is that their reactive grosutput
varies according to the square of the voltage tlaey
connected to, similar to capacitors. STATCOM arevero
electronics based SVCs. They use gate turn offistoys or

Prime Mover Control and Automatic Generation Contrénsulated Gate Bipolar Transistors (IGBT) to comvarDC

(AGC)
The prime mover control and AGC are applied to thaémn

the power system frequency within a required rabgethe
control of the active power output of a generat8rime
movers of a synchronous generator can be eitherabld
turbines or steam turbines. The control of primevens is
based on the frequency deviation and load chaisiitst The
Automatic Generation Control (AGC) is used to restthe
frequency and the tie-line flow to their originaldascheduled
values. The input signal of AGC is called Area CohError
(ACE), which is the sum of the tie-line flow devat and the
frequency deviation multiplied by a frequency-tiastor.

Power System Stabilizer (PSS)

PSS technology is to improve small signal stability
improve damping. PSSs are installed in excitatigstesn to
provide auxiliary signals to the excitation systemltage
regulating loop. The input signals of PSSs are liyssagnals

that can reflect the oscillation characteristieghsas the shaft

speed, terminal frequency and power.

Excitation

voltage input to an AC signal chopped into puldest tare
recombined to correct phase angle between voltage a
current. STATCOMS have a response time in the odofer
microseconds.

Load shedding

Load shedding is performed only under the extreme
emergency, such as faults, loss of generationchkini errors,
lightning strikes, and so on, in modern electrievpp system
operation. For example, when system frequency dduyesto
the insufficient generation under a large systestudbance,
load shedding should be done to bring frequencyk ac
normal. Also, if bus voltage slides down due tauffisiency
of reactive power, load shedding should also béopmed to
bring voltage back to normal. The formal load shedd
scheme can be realized via under-frequency loaddihg
(UFLS) while the latter scheme can be realized wider-
voltage load shedding (UVLS).

C. Centralized Control
SCADA/EMS



SCADA/EMS is the most typical application of cetitzed I1l. EXAMPLES OFPOSSIBLEPROBLEMS OF THEPRESENT
control in power systems. It is a hardware andwso® system TECHNOLOGY
used by operators to monitor, control and optimazpower
system. The monitor and control functions are knomm A. Casel: Load Shedding or Generator Tripping
SCADA; the advanced analytical functions such amest Figure 4 is a show case of possible coordinatiablem
estimation, contingency analysis, and optimizatawe often when a two-area system is experiencing a load aserén the
referred to as EMS. Typical benefits of SCADA/EMSBtems load pocket (the right area in Fig. 4). When thipgens, both
include: improved quality of supply; improved syste frequency and voltage decrease. If this load caesinto
reliability; and better asset utilization and adtion. increase, perhaps with some simultaneous contiygewent,
An increasing interest in the EMS is the onlineusi®¢ it may be beyond the capability that the system lcandle.
analysis software tools, which typically provideartsient Then, it certainly needs to shed load in the loackpt.
stability analysis, voltage security analysis, @amall-signal However, there may be a problem if the generatander-
stability analysis. The latest development in comapu frequency (UF) tripping scheme and the loads’ unadiage
hardware and software and power system simulatifidV) shedding scheme are not well coordinated. lyikéhe
algorithms has present more accurate results fasethunder-frequency generation tripping scheme willcdimect
functions in real-time, which could not be achievedine in Some generation from the system before the loaddshg

the past. actions, since the present setting in generatippitig is very
fast. This will worsen the imbalance between loadl a
Special Protection Systems (SPS) generation. Hence, both voltage and frequency ddttrease

)further. This may lead to more generation to belkjuitripped
to cause a sharp drop of voltage and eventualjstviltage
collapse at the end. Therefore, even though thisitiglly a

frequency stability problem, the final consequeisca voltage
collapse. Figure 5 shows the gradual process basethe
above analysis.

SPS is also known as Remedial action schemes (RAS
system integrity protection systems (SIPS). SPSHm®me
more widely used in recent years to provide pratacfor
power systems against problems not directly invg\specific
equipment fault protection. SPS is applied to salivgle and
credible multiple contingency problems. These sa®imave
become more common primarily because they aredesty
and quicker to permit, design, and build than o#iiernatives
such as constructing major transmission lines aodep
plants.
SPS senses abnormal system conditions and (ofike¥t |
pre-determined or pre-designed action to preverdseh
conditions from escalating into major system distunces.
SPS actions minimize equipment damage and preve

cascading outages, uncontrolled loss of generatemdl Under-frequency Under-voltage load
interruptions to customer electric service. SPS edial gensrator tripping Ehedding
actions may be initiated by critical system comdfi§ which Fig. 4. A two-area case after disturbance.

can be system parameter changes, events, resp@ises,
combination of them. SPS remedial actions inclueleegation
rejection, load shedding, controlling reactive snitr/and
using braking resistors.

Load Growth

D. Time Delay of different protection and control

Figure 3 summarizes the time delay in logarithnvarious
protection and controls based on a number of titees [3-9].

Voltage and frequency drops

A JF Protection Trips Generators
[ oLTC |
— Which results in:
[ Excitation Limiter | €55 reactive power support
| Excitation |
== s Veltage drops further
| Tie-line AGC Control
Prime Mover Control -
| Voltage collapse
UFLS
Dist. Relay Z3 Fig. 5. The process of the instability problem.
Eist. Relay.(Z122) )
Time (sec) _ . . .
5 ] 0 100 1000 A possible solution to the above problem is to digvea

fast and efficient approach to dynamically analifze system
state in real-time or in 5-minute look-head modée Thew
process can be described as follows:

Fig. 3. Time delay of various protection and colstro



4

= The system is moving towards voltage stability fimi = The Zone 3 relay settings of those high power fioes

= Generator UF tripping should be temporarily adjdsiéth should be examined using the post contingency power
longer delays. flow analysis results.

= Preventive control strategies should be immediately = The Zone 3 protections shall be immediately adfiste
implemented such as increasing reactive power outpu blocked to avoid tripping. This gives time to other
generator, switch shunt compensators, etc. protection and control (such as load tripping) é&mdie

= Load shedding should be activated (or a warnirgjvien to the contingency event.
load shedding device).

= If the load continues to grow and pass over theurdgc X A
limit, load at some critical substations will be edh )
immediately. ZEDE_&-Q.I.“:IE Observed

= |f the load decreases and the system moves bazls¢cure / A \ impedance

state, the generator protection will be re-set tmiwal \
values, and the planned load shedding should beetiad.

B. Casell: Zone 3 Protection /

This second example is from the July 2, 1996 WSCC —
blackout [8-9]. At the very beginning of the blackotwo
parallel lines were tripped due to fault and migmgion, and
consequently some generation was tripped as aotdgeS
response. Then, a third line was disconnected dubatl
connectors in a distance relay. After about 20 sds®f these
events occurred the last straw of the collapsechvinas the
trip of Mill Creek - Antelope line due to the unitesl Zone 3 ~ From the previous two case studies, we propose the
protective relay. The relay did what it should daséd on its following vision of a future Self-Healing Proteatioand
Zone 3 setting, which is to trip the line when thiesserved Control System, as shown in Figure 8.
apparent impedance encroached the circle of Zorea$. In
this case, the low apparent impedance was the goaesee of

;Uil'

Fig. 7. Observed impedance encroaching the Zornelg.c

IV. VISION OFFUTURE SELF-HEALING PROTECTION AND
CONTROL SYSTEMS

Generation
the power system conditions at that moment. Substation o] Line
Control ﬂ Relays
Tripped due to Zone \X
3 Relay Setting Control
Strategies

& Parameters

System

P R usa
State Adaptive

-—> SCADA/EMS ———>| Rea-time Every 5- 15

| Analysis minutes

Fig. 8. The proposed self-healing protection amtrod system.

In Fig. 8, the SCADA/EMS system collects data from
Phasor Measurement Units (PMU) due to the expestiedess
and large-scale deployment in the near future. THenEMS
- system will give an estimation of the present systtate. As

P oot shown in the left part in Figure 8, this is simitarthe present
S Adiids | technology.
Fig. 6. WSCC July 2, 1996 Blackout The difference is the new function shown in thérigart in
Figure 8, where an adaptive real-time or look-ahaaalysis

Apparently, the above problem may be avoided ifZbee shall be performed every 5 to 15 minutes. The amlwill
3 setting can be dynamically adjusted based onsjlséem give some recommendation of possible updated dontro
condition from real-time simulation. This can beleﬂy Strategies and parameters, especia”y in the ewant
summarized as follows. . . contingencies. That is, the system shall know vetwdibns to

* If the system loses one or more lines, this magt teza (gke based on the present system condition in ase that a

high power flow at other lines. certain contingency does occur in the next 5 omfiButes.



The possible action could be whether Zone 3 baadklgys
should be adjusted based on the present systenitioandr
not, load shedding should be activated to enteamiwwg state
or not, etc. Certainly, the updated strategy andrpaters shall (2
be delivered to the remote protective device andtrob

systems. Therefore, if a contingency really océnithe next 5 [3]

(1]
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V. CONCLUSIONS

This paper first presents a brief review of thespra
technology of power system protection and contfidien,
discussions are presented to illustrate the paspitablem and
inefficiency with the present technology. The wsiof a
potential solution, called self-healing protecteomd control, is
proposed with discussions about the major techryot@p to
overcome in order to fully implement the proposee€ai in the
long run. Future work may lie in research and destration of
the feasibility of the proposed concept of selflimgq
protection and control.
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