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This paper presents a study on the modeling of the 132/33/11kV PMU Pulau Gadong network and
the Melaka radial distribution feeder. The study proposes a protection scheme by providing the
appropriate relay Pickup current/Plug Setting (PS) and Time Multiplier Setting (TMS )/Time Dial
Setting (TDS) for the discrimination process and evaluating the effect of parallel transformers
during faults. For this study, the IEC std 255-3 standard inverse IDMT curve characteristic was

chosen for the simulation using the Power System Computer Aided Design (PSCAD). The results

Index Terms:

Overcurrent protection relay
plug setting

relay operation time

whole network.

show that these values were trustworthy, which provide adequate and reliable protection for the

I. INTRODUCTION

Overcurrent relay is one of the earliest forms of power
system protection. Over time, the overcurrent protection
relays have become more advanced, allowing for better
discrimination of short-circuit protection. It is important not
to confuse overcurrent protection with overload relay
protection, which typically involves a relay that operates
based on the thermal capacity of the equipment being
protected. On the other hand, overcurrent relay protection is
designed to handle extremely high short-circuit currents [1-
3]. Protection relays play a significant role in ensuring all
parts of power system apparatus function correctly, without
any maloperation caused by relay or equipment failure,

An overcurrent relay operates by measuring the fault
current in the power system and trips either instantaneously
or with a delay, according to a specific time characteristic, to
achieve discriminative fault clearance [4-6]. The Inverse
Definite Minimum Time (IDMT) overcurrent relay is widely
used due to its simplicity and economical design. The relay
operating time is closely related to current transformer (CT)
ratio, plug setting (PS) and time multiplier setting (TMS) [7-
8]. To ensure the relay functions properly, this paper presents
a study on the relay setting at Pencawang Masuk Utama
(PMU) Pulau Gadong 132/33 kV. This paper focuses on
verifying the overcurrent protection setting and coordination
by using PSCAD software.

Il. NETWORK MODEL

The local load at Pulau Gadong is supplied with 132kV
from the Pencawang Masuk Utama (PMU) Melaka
Substation grid through two PMU Pulau Gadong
transformers (132/33 kV, 2x90 MVA), which step down the
voltage to 33 kV for both feeders as shown in Figure 1. The
network model has been simplified to facilitate modeling in
PSCAD software. The model was used to investigate the
operating time, coordination of overcurrent relays, as well as
the effect of parallel transformers when subjected to faults.

Overcurrent relays, denoted as R1 — R7 and R10 — R15,
were installed at the locations shown in Figure 1.
Additionally, fuses were used for protection at locations R8,
R9, R16 and R17. To verify the correct operation and
discrimination of the respective relays, various faults were
simulated at t = 2 sec. The relay tripping time and time
coordination were then analyzed. A total of three cases were
simulated. The relay curve was chosen to be IEC std 255-3
standard inverse [9-11]. Correct setting and discrimination of
IDMT overcurrent relays are crucial to ensure that the
protection relay furthest from the source has a current setting
equal to or less than the protection relay behind it. This
ensures that the primary current required to block the
protection relay in front is always equal to or less than the
current required to trip protection relay behind it [12].
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Figure. 1. PMU Pulau Gadong

To guarantee a dependable, fast, and safe operation of the
overcurrent relay, the pickup current/plug setting and Time
Multiplier Setting (TMS) must be chosen carefully [13].
Otherwise, the relay may not function properly (i.e., it may
not trip). The pickup current/plug setting of the relay is
calculated depending on its rated current. In this study, the
pickup current for the overcurrent relay on the transformer
(TX) side is set to 150% and on the underground cable (UGC)
side, it is set to 100%. The TMS for this relay can be
calculated using equation (1) [14-15]. Table 1 shows the
summary of pickup current and TMS for these relays.

Distribution Network Model

R7 0.112 600/5 100 0.6
R10 0.548 300/5 100 0.3
R11 0.184 600/5 150 0.9
R12 0.588 1600/5 150 2.4
R13 0.040 600/5 150 0.9
R14 0.126 1600/5 150 2.4
R15 0.118 600/5 100 0.6

0.14 (TMS) 1
ts) = ——— M)
(PSM)002 — 1
where
t =relay operating in second
TMS = Time Multiplier Setting
PSM = Plug Setting Multiplier
Table 1
Load Current, CT Ratio, Plug Setting and Pickup Current
Load CT Plug Pickup
Relay Current Ratio Setting Current
(kA)/Phase (A) (%) (kA)
R1 0.187 300/5 100 0.3
R2 0.056 300/5 100 0.3
R3 0.103 400/1 150 0.6
R4 0.413 1600/1 150 24
R5 0.037 400/1 150 0.6
R6 0.147 1600/5 150 24

I1l. RESULT AND DISCUSSION

The simulation was conducted with three different types of
faults and location. The discrimination time between relays
was observed and discussed in detail in the following section.

A. Case 1 (Three-phase-to-ground fault) at Underground
Cable 6 (UGC 6)

A three-phase fault was applied near the R15 relay at t =
2s. Then, the tripping time for relays R15, R14, R13, R6 and
R5 were recorded as shown in Figure 2. It can be observed
from Figure 2 that the discrimination time between the relays
is almost 0.5s. The TMS and PSM settings for the related
relays are listed in Table 2. The recorded tripping times were
then compared with the calculated values, as summarized in
Table 3.
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Figure 3. PSCAD simulation result
Table 2
Time multiplier setting and plug setting multiplier Table 4
Time multiplier setting and plug setting multiplier
Rel Time Multiplier setting Plug Setting Multiplier
£y Relay  Time Multiplier setting Plug Setting Multiplier
R5 0.16 0.6 R3 0.17 2.38
R6 0.12 24 R4 0.17 24
R13 0.25 0.9 R11 0.22 6.37
R14 0.16 24 R12 0.1 7.24
R15 0.1 0.6
Table 5
Table 3 Comparison between simulation time and calculation time
Comparison between simulation time and calculation time
Calculation Timed fault Relay tripping
Calculation Timed fault Relay tripping Relay  tripping time, t () logic (TFL) +t time Simulation
Relay tripping time, t (s)  logic (TFL) +t  time Simulation (s (s)
() (s) R3 1.90 3.9 3.9
R4 1.35 3.35 34
R5 237 4.37 4.2 R11 0.83 2.83 2.9
R6 175 3.75 37 R12 0.35 2.35 2.4
R13 1.19 3.19 32
R14 0.68 2.68 27 From Table 5, it can be seen that the calculated times
R15 0.22 2.22 2.2

From Table 3, it can be seen that the calculated time (Timed
Fault Logic (TFL) + t(s) and the simulation tripping times are
closely matched. This indicates that all the settings for
respective relays are performing well for a three-phase fault
event at UGC 6.

B. Case 2 (Three-phase-to-ground fault) at Transformer
5-LV Side

The simulation was repeated for a three-phase-to-ground
fault as shown in Figure 1. The relay tripping times for
PSCAD were recorded as shown in Figure 3. Similarly, these
time were then compared with the calculated values. The
TMS and PSM of the related relays is shown in Table 4. The
observed times were then compared with the calculated
values and summarized in Table 5.

(Timed Fault Logic (TFL) + t(s) and the simulation tripping
times are closely matched. This indicates that the relay PS and
TMS settings were well-chosen for a three-phase-faults-to-
ground event at R12. The discrimination time between relays
is 0.5s.

C. Case 3 (Three-phase-to-ground fault) at Transformer
5-LV Side When Bus Section 3 Close

The simulation for Case 2 was repeated with the bus section
closed, effectively paralleling the transformers through bus
section 3. Case 3 demonstrates the effect of parallel
transformers and highlights the risk of a total blackout if the
overcurrent relay fails to function to cut off the supply. The
relay tripping times for PSCAD was recorded as shown in
Figure 4.

Figure 4 shows the operation of the relays when a fault
occurs with bus section 3 closed. All relays will operate
because they are close to the fault, except for R15, which
experiences a smaller current passing through it. This is due
to the closed bus section or parallel transformer setup, where
the fault current flows to transformers 2 and 6 through the bus
section.
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Figure 4. PSCAD simulation result

If the bus section were open when a fault occurs in R12,
transformers 2 and 6 could still operate and carry the load, as
the fault current would not pass through them. A parallel
transformer creates a 'loop' through which current can flow,
resulting in circulating currents. This can cause a total
blackout on the network because all the transformers are out
of service.

IV. CONCLUSION

The goal of overcurrent relay plug setting (PSM) and time
multiplier setting (TMS) are to ensure that the relay will
operate to isolate the faulty part as soon as possible with
sequence of coordination. From the simulation the
discrimination time margin/coordination time between each
overcurrent relay is 0.4s- 0.5s which is acceptable. As a result,
the proposed TMS and PSM are appropriate for the relay to
operate successfully. The comparison between calculation
and simulation also proved that the tripping time is closely
match with each other.
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