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Requirement of Electrical Power Protection System

Protection Coordination

A protection-coordination study is done to determine the trip settings of each
protective device in the power system so that maximum protection with minimum
interruption is provided for all faults that may happen in the system.

When all the relay designs, schemes and configurations of a protection system are
defined, the process of calculating the relay settings in order to make such a system
coordinated is commonly called protection coordination.

Engineers perform coordination studies to assure that the protection system works
according to the aforementioned philosophy.

Protection coordination or relay coordination, studies are traditionally carried out using
short circuit simulation programs and relay simulation programs.

In traditional methods, the relay settings are calculated using rules of thumb based on
engineers’ experience: faults are simulated over critical points of the system and the
relays’ behavior is observed for each fault. If no coordination is achieved at one attempt,
the process must be repeated as many times as needed until the protection system
works according to the coordination criteria.

Perlindungan Sistem Kuasa 2
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Requirement of Electrical Power Protection System

The design of LY installations lead s to basic protection devices heing fitted for
three types of faults:
B overloads

shn-rcireits
F insulation faults.

1.1. Safety and availability of energy

Safety and availability of energy are the Implementation of these protection devices must allovw for:
operator’s prime requirements. m the st_atuturﬁ_.f aspects, _pamcu!arh,f relating to safety of people
B technical and economic reguirements.

Coordination of protection devices

ensures these needs are met at optimised The chosen switchgear must: o .
cost m withstand and eliminate faults at optimised cost with respect tothe necessary
' performance

m limit the effect of a fault to the smallest part possible of the installation in order to
ensure continuity of supply.

Achievement of these objectives requires coordination of protection device
perormance, necessary far:

B managing safety and increasing durahility of the installation by limiting stresses
B managing avail ahility by eliminating the fault by means of the circuit-breaker
immediately upstream.

~

(The circuit-bireaker coardination means are;
B cascading
B discnmination.

If the insulation fault is specifically dealt with by earth leakade protection devices,
discrimination af the residual current devices (RCDS) must also be guaranteed.

JEKR Per[indungan Sistem Kuasa 3



CB Coordination
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CB Coordination

o CURRENT IN ALPERES
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Case Study : Hi-Set

Case Study A

* Incoming Relay A with

welyn hi-set.
11KV SS¥1 * Qutgoing Relay B with
: -. hi-set.
| Relay B |
\ * Qutgoing Relay B fault,
it will trip both Relay A
& Relay B.

Zone Coordination Protection Scheme

MS E 88E [u]=]
Soume
= g7
Fault F1 Fault F2 Fault F3
Short Circuit S0l 35kA 200

Current

&
3]
<
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Case Study B
From TNB * Relay A without hi-set.
Relay * Relay B with hi-set.
11KV 55#1 * Relay C with hi-set.
Relay® | * TX fault, may trip both
P ‘ relayB & C.
RelayC |

W N

HighSet / Instantaneous

Hi-set for overcurrent and earth fault
protection should not be used at incoming
feeder.

Hi-set for overcurrent and earth fault
protection can be used at outgoing feeder but
with care.

Hi-set for overcurrent and earth fault
protection recommended at outgoing to
transformer.




~ Profection Scheme Coordination

Electrical System without Cordinated Protection Scheme W System with coordinated protection scheme

Possible to
{rip before
MCCB

o
REHI52

JEKR
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Discrimination - Current
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Discrimination - Time

Phasg-to-phase fault

Fig. 1. Time-hased disciimination principlo.

JEKR

-
=
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Discrimination - Time

k
'

5 IsA, TA
8 IsB, TB TA +——— L o
T | | AT
| |
TB -~ . AR R
¥ o 4
TC+——— | L P S
o N
I | | I | |
I | | I | | |
- i : i I I :
IsC IsB [sA IscC IscB IscA
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Fig. 1. Radial power system with time-based discrimination. Fig. 2. Time-based discrimination with definite time relays.

JER perlindungan Sistem Kuasa 10




IDMT : Time Grading & Fault Level Coordination

,,,,, * Relay Rc is primary protection for

... cB ] g (®] g %] DB
\J / i K ro—&e * Relay Rb and Ra serve as backup
, protection for Rc.
MSB S8 pB FaultX . \when fault X happened on

downstream of DB

E/F Trip Example at Fault X:

CB Max Trip Time

CBC 0.1sec (primary protection)
CBB  0.3sec (1%t backup protection)
CBA  0.5sec (29 backup protection)

e |
RN

0.1sec

AT

1 1 1 »l
IscC IscB IscA

IsC 1B IsA 3¢
g max max max
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Discrimination — Current & Time

Discrimination by both Time and Current

= Each of the two methods described above has a fundamental disadvantage.
= Discrimination by time: more severe faults are cleared in the longest operating

time.
= Discrimination by current: Unwanted tripping. Can be applied only where there

is appreciable impedance between the two circuit breakers concerned.

JER perlindungan Sistem Kuasa
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Discrimination — Current & Time

TRANSFORMER

IDMT O/C & E/F

16004 TMS : 0.2

x 800A

IDMT O/C & E/F
TMS : 0.1

) 300A
ELR : 500mA
I Instantaneous

)60A

RCCB 100mA
Instantaneous

OlOf=0 O

JEKR
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IDMT : Coordinated Scheme

\

100. | : ' :
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JKR Perlindungan

Relay A: Current Setting = 100A, TMS = 1.0
Relay B: Current Setting = 1254, TMS = 1.3

Sistem Kuasa

Rb | Ra |
= CB CB
-~
Fault

Case #1
¢ Fault current = 1,000A
e Relay A trip first at 3sec

e |f fault do not clear by 3sec, then
Relay B trip at 4.2sec

Case #2
* Fault current = 2,000A
* Relay Atrip first at 1.2sec

» |f fault do not clear by 1.2sec, then
Relay B trip at 3sec
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Protection Coordination : Time Interval @ Grading Margin

Coordination Time interval = t.g + tgr + t,4in

tog = Circuit breaker operation time

t = Relay tolerance and setting errors
targin = Safety margin

tg = 3 to 4 cycles
t- = 2to 6 cycles

tmargin =1

Minimum Coordination Time interval = 6 to 11 cycles or approx. 200ms

cycle

Other factor to consider:

L-1
[~
o

Circuit breaker interrupting time
Relay time error

Overshoot

CT errors

Final Margin

Overall accuracy

Perlindungan Sistem Kuasa
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Discrimination Rules (Selectivity)

The Intended Resul Selectivity Rule #1 Selectivity Rule #2
1000 SeBHiT (W APTERER 1000 CURRENT [N AMFERES |
Upstream Device | Upstream Time i
Pickup Level > Delay >
= Downstream Device | Downstream Time
Pickup i . Delay ol é
| NN
1 B \\\ 'E' 1 \\ g
fﬂfifﬂfﬁ = 0 - \
Maximum N | | | - | \_ ]
Fau“ Current 5o n 10 [T W Lol — " ™ a0 T
Rule for Complete Selectivity Rule for Complete Selectivity
1900 CURSERT [ grERES 1000 ——————CUSSENT [h UPERES 1
Device curves - Example of | 3] ‘lj'
should sequence = Non-selective |y ; |
from right to left or | ) ‘\ t System } lJl
top to bottomas [ || ol
you go from supply [ l B \ \| é

5 ;
to load with no 1 \ ) L :
crossings or s - \ M :

overlaps - \\ x_} 3. [ \‘-%
|— \ _
B ~L Load —
ooy L ] | L ] | 1 | L 1 _ oo L1 L L1 e '.m ] '-.::Im
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Example of Coordination Study

CURRENT IN AMPERES

1000 5991#
oA
3bpL
100 T
s T ransfofier
\ =|
g ) \5; \ Outgaing o TX g
\\ A\ §
S ; ¢ Blue — Outgoing to Transformer
N a—indopiing from X
N "
1 LS Red — Incoming from Transformer
: Green — Transformer Curve
e TX Infugh
Both relay with hi-set
7176 & 15922 A
o.M
100 1K 10K 100K 1M
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Example of Coordination Study

CURRENT IN AMPERES

1000
Motor Fuse—
l—_ssm

100 {rnam

Trp 1500 A
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Motor Overload-

10 — =
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O '

g 05 1 10 100 1K 10K

100hp Motor.tcc Ref. Voltage: 480V Current in Amps x 1 InitSym 3P 1C
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Example of Coordination Study

CURRENT IN AMPERES

1000 ii Mﬁ
B0
oA
Ingoining kg MCC
100 o]
t
. )
\.“ |
4\
o \c ﬁ oTtgoqngm Motpr g
—— H & o w =
w - L]
b ¢ Blue — Chiller starting curve
=
] Chiller &

1 Red — Outgoing to Chiller

Green — Incoming to MCC
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A I6 8
0.01
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