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Abstract: This study presents an analytical evaluation of the existing ANSI 50/51 overcurrent relay settings for the Coal Mill
2B motor at the STG-BB power plant of PT Pupuk Sriwidjaja Palembang. Direct trip testing was not conducted because the
motor is part of an operating industrial installation. The evaluation combines a review of the existing relay settings, calculation
of the manufacturer-defined Long Time Inverse characteristic, comparison with the reported motor starting current and starting
time, and analysis of ten days of recorded operating current, voltage, and active power. The ANSI 51 pickup is 136 A, equivalent
to approximately 1.03 times the 132 A motor nameplate current, with TMS = 0.025. The reported high-set ANSI 50 stage is
1,227.6 A, equivalent to 9.3 times the motor nameplate current, with a definite delay of 0.01 s. Using the MiCOM P225 Long
Time Inverse characteristic, the calculated operating time at the reported starting current of 985.91 A is approximately 0.48 s,
which is close to the upper end of the reported 0.3—0.5 s starting time. Therefore, starting-current ride-through cannot be
conclusively verified from the available data. During the ten observation days, the recorded running current ranged from 76.93
A to 95.80 A, with an average of approximately 85.69 A, equivalent to 64.9% of the 132 A nameplate current. The observed
current remained 40.20—59.07 A below the 136 A pickup. These results provide an analytical assessment of the existing relay
settings under the observed operating conditions, but do not demonstrate complete selectivity, protection coordination, fault
sensitivity, or overall relay reliability.

Keywords: Induction Motor; Overcurrent Relay; ANSI 50/51; Time-Current Characteristic (TCC); Long Time Inverse;

MiCOM P225.

1. Introduction

Electric motors are important components in industrial
processes because they serve as prime movers for production
equipment. At the STG-BB power plant of PT Pupuk
Sriwidjaja Palembang, the Coal Mill 2B motor is a 400 kW,
2.3 kV three-phase induction motor used in the coal-
processing system.

During operation, abnormal current conditions may
occur because of overloads, starting transients, or electrical
faults. The motor is protected by a MiCOM P225 numerical
relay that provides phase overcurrent protection through the
ANSI 50/51 function.

The MiCOM P225 phase-overcurrent function has
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multiple thresholds and can use definite-time or inverse-time
characteristics. The relay also provides separate motor-
protection functions, including thermal overload (ANSI 49),
excessive long-start protection, locked-rotor/stall protection,
and unbalance protection. Therefore, ANSI 50/51 should not
be interpreted as the sole protection against all motor thermal
or mechanical conditions.

In this study, the analysis is limited to the existing
phase-overcurrent settings and their relationship with the
observed motor current. Direct trip testing was not conducted
because an intentional trip could interrupt the coal-supply
process. The evaluation therefore uses the existing relay
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settings, mathematical relay-characteristic ~calculations,
reported starting data, and ten days of operating observations.

The evaluation focuses on the relationship between the
motor nameplate current, the ANSI 51 pickup, the high-set
ANSI 50 stage, and the observed operating current. The study
also evaluates the calculated relay operating time for selected
current values and compares the reported starting current with
the inverse-time characteristic.

The objective is to provide an analytical assessment of
the existing ANSI 50/51 settings under the observed
operating conditions. The conclusions are intentionally
limited to what can be supported without a direct field trip
test, a complete short-circuit study, or a complete
coordination study with upstream and downstream protective
devices.

1.1 Understanding Electric Motors
An electric motor is an electromechanical machine that

converts electrical energy into mechanical energy in the form
of rotational motion. In industrial applications, electric
motors are widely used as prime movers for various
production processes [2]. The motor considered in this study
is a three-phase induction motor used to drive Coal Mill 2B
at the STG-BB power plant of PT Pupuk Sriwidjaja
Palembang. The motor has a rated power of 400 kW and an
operating voltage of 2.3 kV.

As an induction motor operates, its electrical current
varies according to the operating load. Therefore, the motor
rated current or Full Load Ampere (FLA) is an important
parameter in evaluating its operating condition and in
assessing the setting of its overcurrent protection. In this
study, the motor nameplate FLA of 132 A is used as the
reference value for evaluating the existing overcurrent relay
setting.

1.2 Operating Parameters and Motor Characteristics

The operating condition of an electric motor can be
evaluated using its rated operating parameters obtained from
the motor nameplate. One of the main parameters is the Full
Load Ampere (FLA) [9], which represents the rated current
of the motor under its specified operating conditions. For the
Coal Mill 2B motor investigated in this study, the nameplate
FLA is 132 A. This value is used as the reference current for
evaluating the actual operating current and the existing
overcurrent relay pickup setting.

The operating current can also be expressed as a
percentage of the motor rated current to provide an indication
of the motor's current-based loading condition. The current-
based load percentage is calculated using Equation (1) by the
U.S. Department of Energy (2014):[10]

1
Load = (1—) X 100% covveeenennee 1)
Where:
e Load Percentage of Motor Load (100%)
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e /= Actual measured average RMS current (Ampere)
e [,= Nominal full load current/Full load Ampere on the
nameplate (Ampere)

The resulting percentage represents current-based
loading and is used only to evaluate the observed operating
condition of the motor.

1.3 Electric Motor Faults and Protection Functions

Electric motors may experience abnormal conditions
that can generally be classified as electrical or mechanical
faults. Electrical faults include phase-to-phase and phase-to-
ground short circuits, while mechanical abnormalities such as
excessive load or a locked rotor may also increase motor
current. Different abnormal conditions require different
protection functions [4].

The MiCOM P225 provides several motor-protection
functions, including ANSI 46 unbalance, ANSI 49 thermal
overload, ANSI 50/51 phase overcurrent, excessive long-start
protection, protection. This study
specifically evaluates the phase-overcurrent function and
does not treat ANSI 51 as a substitute for the relay's dedicated
thermal or locked-rotor functions.

and locked-rotor
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Figure 1. 1 Medium-voltage induction motor protection scheme
with multiple protection functions [4]
The figure shows that motor protection is not limited to
a single protection function. Different protection elements are
applied according to the type and characteristics of the
abnormal condition. Among these functions, ANSI 50 and
ANSI 51 are overcurrent protection functions that are directly
related to the current conditions of the motor. ANSI 50 is
associated with high-current fault protection, while ANSI 51
provides time-overcurrent protection based on a
predetermined pickup and operating-time characteristic [4].
In this study, the analysis is specifically focused on the
ANSI 50 and ANSI 51 functions of the MiCOM P225 relay
installed on the Coal Mill 2B motor. Other protection
functions shown in Figure 1.2 are not evaluated because they
are outside the scope of this study. The evaluation is
performed using the existing relay settings, mathematical
analysis of the relay operating characteristic, and the
observed motor operating current.
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1.4 Electrical Power Protection Systems
An electrical power protection system is a system of

electrical equipment designed to detect abnormal conditions
or faults in a system and then automatically disconnect
(isolate) the affected section. The primary purpose of a
protection system is to minimize damage to the faulted
equipment, prevent the fault from spreading to healthy
systems, and ensure the safety of operational personnel near
the equipment [4].
1.5 Basic Protection System Requirements

To effectively protect essential equipment such as a
coal mill motor, a protection system must meet four
fundamental requirements:

1. Sensitivity: The protection system must have high
sensitivity to detect even the smallest fault current within
its protection zone, but must not operate under normal
load conditions or during normal starting current surges.

2. Selectivity: The protection relay must be able to
distinguish whether a fault occurs within its protection
zone or outside it. If a fault occurs within its protection
zone, the relay must disconnect only the circuit closest to
the fault point, thus avoiding disrupting the continuity of
power supply to other equipment.

3. Speed: The disconnection response time must be as fast
as possible to limit the damaging heat energy generated
by circuit faults. Fast disconnection times also help
maintain the stability of the plant's overall electrical
system.

4. Reliability: The protection system must be guaranteed to
always operate correctly (without tripping) when
(dependability), and must be guaranteed not to operate
when there is no disturbance (security).

1.6 Main Components of a Protection System
A protection system cannot operate alone; it is a

combination of several integrated components. These main
components include:

<L R Wiring __ ___ .

Battery
+

[ ———»{ Relay » CB 1

Charger

CT/PT

Figure 1. 2 Block Diagram of Protection System Component
Relationships [11]

1. Current Transformer (CT) and Potential Transformer
(PT): Function as sensors that reduce the high current and
voltage from the network to a smaller, safer secondary
voltage (usually 1A or 5A for CT, and 110V for PT) so
that it can be read by the relay instrument.
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2. Protection Relay: Acts as the "brain" of the protection
system. The relay's job is to compare the current/voltage
from the CT/PT with the set value (setting/pickup). If the
measured value exceeds the setting, the relay will send a
trip signal.

3. Circuit Breaker (CB): Acts as the "muscle" or executor.
After receiving a trip signal from the relay, the
mechanical mechanism on the circuit breaker (CB) opens
its main contacts to interrupt the load current or fault
current within milliseconds.

1.7 Electrical Faults (Overcurrent and Short Circuit)
Electrical faults often occur suddenly and have the

potential for significant damage in a very short time. The
most common types of electrical faults include:[9]

1. Phase-to-Phase Fault: Occurs due to insulation failure,
causing two or three phases to be directly connected.
This fault produces very high currents (fault currents)
and can damage motor terminals and windings within
milliseconds.

2. Phase-to-Ground Fault: This is the most common type
of fault, where one of the phases is connected to the
motor frame or ground due to broken or damp
insulation.

3. Voltage Unbalance: An imbalance in the phase voltage
supply will trigger the appearance of negative sequence
currents, which can cause significant overheating of the
rotor.

To mitigate this electrical fault, the protection system
must operate with instantaneous characteristics. This aims to
prevent damage the motor and prevent the disturbance from
spreading to the larger electrical system in the power plant
area.

1.8 Overcurrent Relay (OCR) Operating Principle

An Overcurrent Relay (OCR) operates when
measured current exceeds a programmed threshold. In
the MiCOM P225, the phase-overcurrent function
compares measured phase current with programmed
thresholds and applies the selected definite-time or
inverse-time characteristic.

The relay receives current information through the
phase CT inputs. The P225 documentation states that the
phase-current measurements are displayed as true RMS
values after applying the configured phase-CT ratio. When a
programmed threshold is exceeded and the associated time
delay expires, the relay can issue a trip signal to the circuit
breaker.

1.9 Protection Codes for Induction Motors Based on
ANSVIEEE C37.2 Standards
IEEE C37.2 assigns function numbers used to identify

protection and control functions in power systems. In this
study, ANSI 50 refers to the high-current/instantaneous
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overcurrent function, while ANSI 51 refers to time
overcurrent. The actual MiCOM P225 implementation
groups phase overcurrent under the [50/51] function and
provides multiple thresholds with configurable time
characteristics [5].

1. ANSI 50 (high-set overcurrent): This function is
intended for high-current fault conditions and may be
configured with a very short or definite-time delay. In
the present study, the high-set stage is represented by
the reported 1,227.6 A primary setting with a 0.01 s
definite delay; therefore, it is more precise to describe it
as a high-set definite-time stage rather than an ideal
zero-delay instantaneous trip.

2. ANSI 51 (time overcurrent): This function uses a time-
current characteristic in which the operating time
decreases as the measured current increases above the
pickup threshold. The present study evaluates the ANSI
51 stage using the Schneider Electric Long Time
Inverse characteristic with TMS = 0.025.

Table 1. 1 Relay Function Codes According to ANSI IEEE
C37.2 Standard

Figure 1. 3 Representative Characteristic Curves of ANSI 50 and
ANSI 51 Overcurrent Protection [1]

The two functions are complementary: the time-
overcurrent stage addresses currents above the pickup over a
calculated delay, while the high-set stage is intended for
substantially higher fault currents. Thermal overload, locked-
rotor, and unbalance conditions are handled by dedicated
protection functions in the MiCOM P225 and are outside the
main scope of this analysis.

1.10 Time-Current Characteristic (TCC)
The operating time of an inverse-time overcurrent relay

is determined from the relationship between measured current
and the programmed pickup. IEC 60255-151:2009 defines
functional requirements for over/under-current protection,
while the MiCOM P225 technical manual provides the

ANSIIEEE C37.2

Function Description
46 Phase Balance Current
47 Phase Sequence Voltage
49 Thermal
50 Instantaneous Over Current
50G Ground Instantaneous Over
Current
51 Time Over Current
51G Ground Time Over Current
5IN Neutral Time Over Current
59 Overvoitage

50

specific mathematical characteristics and coefficients
implemented by the relay [3].

For the MiCOM P225, the technical manual lists several
IDMT characteristics. The Long Time Inverse characteristic
used in this study is identified by Schneider Electric with K =
120, a =1, and L = 0. The calculation is therefore performed
using the manufacturer-specific equation rather than treating
the LTI curve as a generic IEC curve [8].

A

Induction Motor

>

Motor FLC F IA)

— = Fault current sensed by OCR A

— = Induction motor starting time-current behavior

=== = Induction motor thermal damage curve

—— = time-current response of OCR A when using Standard Inverse curve
——— = time-current response of OCR A when using Very Inverse curve

- == = time-current response of OCR A when using Extremely Inverse curve
- -~ =time-current response of OCR A when using Ultra Inverse curve

Figure 1.4 Single-line diagram and time-current curves for OCR
with induction motor as a protected equipment [7]

Table 1.2 MiCOM P225 IDMT curve coefficients used in this study
17177 18]

MiCOM P225 IDMT Curve Coefficients

Type of curve

Standard

Short time inverse

Schneider Electric

0.05

0.04

Standard inverse

IEC

0.14

0.02

Very inverse

IEC

135

Extremely inverse

IEC

80

Long time inverse

Schneider Electric

ale|e|e|e|~

Standard inverse and other inverse characteristics have
different slopes and are selected according to the protection
application. The present study does not claim that one curve
is universally optimal for all induction motors; it evaluates
the existing Schneider Electric Long Time Inverse
characteristic configured in the relay.

The choice of an inverse-time characteristic for motor
protection should be considered together with motor starting
current, starting duration, thermal limits, and coordination
with other protective devices. These elements are only
partially available in the present study.

The Schneider Electric Long Time Inverse characteristic
used in this analysis is the curve implemented in the MiCOM
P225 manual. Its coefficients are K =120, a.=1, and L = 0.
For the selected curve, the operating time is calculated as:[8]
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For this study: T=TMS =0.025, K=120,a=1,and L =
0. The ratio I/Is is dimensionless. The equation is
evaluated only above the relay's operating region; values
below pickup are classified as no operation rather than
assigned a negative or nonphysical trip time.

Where:

o ¢ =relay operating time (s)

e T = Time Multiplier Setting (TMS)

o [ = measured current (4)

o [s = programmed pickup current (4)

e K = curve constant

e ( = curve exponent

e L = curve constant used by the selected characteristic

1.11 Numerical (Digital) Protection Relay Technology
Numerical relays process current and voltage signals

from instrument transformers using digital measurement and
embedded algorithms. The MiCOM P225 provides
configurable protection  functions, records,
measurements, and CT/VT ratio settings. Its phase-current
measurements are displayed using the configured phase-CT
ratio.

event

Backliit display device
3 x 16 characters

Upper flaps

2 touch-sensitive buttons to read
and acknowledge alarm messages
Trip LED *° 9
Alarm LED
‘Warning LED
Power LED >0

Parameterisation and
= setting keypad

Programmable LEDs

RS232 port

POEG7ENa

Figure 1. 4 Front Panel Of The MiCOM P22x Relay [8]

Unlike their predecessors, numerical relays work by
converting analog current and voltage values from an
instrument transformer (CT/PT) into digital signals via an
Analog-to-Digital Converter (ADC). This digital signal is
then mathematically processed by a microprocessor based on
an embedded algorithm or software.

1.11.1 Pickup Current Setting
The pickup current is the threshold at which the phase-

overcurrent function begins its protection characteristic. In
this study, the motor nameplate Full Load Ampere (FLA) of
132 A is kept distinct from the CT/relay base quantities. The
existing ANSI 51 pickup is evaluated as an implemented
setting rather than proposed as a new design value.
Lset(primaryy = K X In 3)
Where K is the safety factor, depending on the motor's
operational characteristics and the manufacturer's standard

recommendations.

51

Le=1.03 x 132 A=13596 A= 136 A

The reported setting is therefore approximately 1.03 times
the motor nameplate current. Because the available data do
not document the complete CT secondary rating, accuracy
class, burden, and exact relay-side parameterization, the
primary pickup value is used as the reproducible reference for
this analytical study.

2. Research Methods

2.1 Process Flowchart

Literature Review: Study of Electric Motors, Overcurrent Protection
of Electric Motors, Standards ANSVIEEE C37.2, IEEE Std C37.96,
and IEC 60255-151

v

Explanation of Electric Motors, Definition and Function of Protection Codes
in Relays according to ANSI/IEEE C37.2 Standards,
and Inverse Time Curve according to IEC 60255-151

v
4’| Observation and Field Data Collection
Assessment of MCC Location, Collection of Motor Specification Data

(Coil Mill 2B Motor 6P-2343-RM-B), Protection Relay Settings along with TMS,
and Recording of Actual Parameter Fluctuations of Coal Mill 2B Motor
for 10 Days

Data Processing

¥

Explanation of the Working Principle of Overcurrent Protection

with Relay Model and Settings, Calculation of Relay Operating Time
when Simulating Fault Current using the TCC Curve,
and Safety Margin Relationship for Daily Motor Fluctuations

v
Analysis of Time-Current Characteristic (TCC) Curve
on Fault Current Values, and the Effect of Load Fluctuations
on Coal Mill 2B Motor

v

I Conclusions and Recommendations |

Finish

Figure 2. 1 Data Collection Process Flowchart

2.2 Methods
This research procedure consists of four systematic steps.

1. Problem identification and literature review were
conducted using IEEE C37.2, IEEE C37.96, IEC
60255-151, and the MiCOM P225 technical manual as
the main technical references.

2. Field data collection included the motor nameplate
specifications, existing MiCOM P225 settings,
reported motor starting data, and daily operating
parameters recorded over a ten-day observation period.

3. Data processing consisted of calculating the existing
ANSI 51 Long Time Inverse operating characteristic,
comparing the calculated response with the reported
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starting current and starting time, and comparing the
observed running current with the 136 A pickup.

4. The results were interpreted to determine what can be
supported by the available analytical and operational
data. Because no direct trip test and no complete
system coordination or short-circuit study were
performed, the conclusions are limited accordingly.

The specifications of the electric motor from which
data will be collected are as follows:

Table 2. 1 Motor Coal Mill 2B 6P-2343-RM-B Specification Data

Technical Unit Value
Parameters
Output (Daya) 400 kW
Voltage 2300 A%
Frequency 50 Hz
Speed 993.0 rpm
Current 132 A
Power Factor 0.79 -
Starting Current 985.91 A
Motor type Code HXR 400LJ6
Motor type Squirrel cage Motor

Figure 2.3 Motor Coal Mill 2B 6P-2343-RM-B Specification Data
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Figure 2.3 Motor Coal Mill 2B 6P-2343-RM-B

Table 2. 2 MiCOM P225 Relay Information

Parameter Value

Relay model MiCOM P225

Phase overcurrent [50/51] three-phase non-

function directional phase overcurrent

Phase CT primary 160 A (reported plant data;

used in study CT/relay scaling to be
verified)

Not documented in the
available study data; MiCOM
P225 supports 1 Aor5 A

Phase CT secondary

inputs
ANSI 51 pickup 136 A primary
ANSI 51 Schneider Electric Long Time
characteristic Inverse; TMS = 0.025
High-set ANSI 50 1,227.6 A primary; reported as
stage 93 x132 A

High-set delay 0.01 s definite time
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Figure 2. 4 Protection relay function settings in the STG-BB area.

Table 2. 3 TMS Information and Inverse Curve on Relay

IEC-Long
Over Current Time 0.850

MICOM 160A/5A 136(A) | 0,225 10,5 1.680 0.1s

Inverse (A)

Motor Coal Mill 2B-6P-2343-RM-B — STG (6P-2001-MVSG)
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Jbp-2343. RM-8[6P-2243-R-A[6p-2401-G8 [ 6P 241168 Tag Number
Coal Mill 28 | CoalMil2A | FDFan2 | PAFan2 Load Description

400 400 1050 600 Rated Power (kW) 'ﬂ;
23 23 23 23 Rated Voltage (kV) 5
13198 13198 30506 18128 Rated Current (A) 3
98591 98591 152531 | 90638 Starting Current (A) E
03 03 14 16 Starting Time 100% U, (sec) %
05 05 2% b} Starting Time 80% U, (sec) g
10 10 16 16 Hot Stall Time (sec) %
3 3 3 3 Number of Starts per hour E
160 160 500 250 Phase CT Primary (A) §
5 5 5 5 Phase CT Secondary (A) E
80 80 100 80 ZCT Primary () z
5 5 5 5 ZCT Secondary (A) §
40 40 40 4 Ambient Temperature ('C) g
Micom P225 | Micom P225 |Micom P225 | Micom P225 Protection Relay §
115 115 115 115 | 020-151, "’":.'::L:‘:‘"' E
4 d f 4 TR M0 §
% %5 95 % 20-100% n:'.“ B | E
4 4 40 40 20-100% [Restart Inhibit Level 3
93 93 63 63 ]020-1201, | StartCurrent g
001 001 001 001 Jo.01-100sec| Operate Time ﬁ:
16 16 3 23 Jo2-100%], | StartCurrent.l, .o_‘

005 | 005 005 005 QM -100 Operate Time

= = | S

Figure 2.5 Relay setting for outgoing motor of 2.4 kV'

Hilaman't2det2 Figure 2.6 Actual Coal Mill Motor Data for 10 Days in the
Observation Period
3. Data Aktual Running MOTOR COAL MILL 2B 6P-2343-RM-B —l
Parameter Operasl Teknis 3 3
| T | P 3. Results and Discussion
1 5 Mel 2026 85,38 24174 2153 Pengambilan 1x dalam sehari . . . .
7| ewem® | @er | 24 o Pengambian Tx dalam san 3.1 Operating Principle of the Overcurrent Protection System
3 7 Mel 2026 83,04 2418 2051 Pengambilan 1x dalam sehari
4 8 Mei 2026 76,93 24137 1877 Pengambilan 1x dalam sehari (ANSI 50/51)
5 9 Mel 2026 52,92 24166 2045 Pengambilan 1x dalam sehan The MiCOM P225 irnplements phase overcurrent
3 12 Mei 2026 89,82 24192 2201 Pengambilan 1x dalam seharn protection through the [5 0/51 ] function. The relay
7 13 Mei 2026 91,56 24186 2678 Pengambilan 1x dalam sehari . .
R T YV B 765 Pangambian T dalam sshar documentation states that the phase-overcurrent function has
9 19 Mei 2026 95,8 241686 2766 Pengambilan 1x dalam sehari
o T p—— T s three thresholds and that the first two thresholds can be
Pongsmptenix selamsnar configured with definite-time or inverse-time characteristics,

while the third threshold is definite-time only.
1. In the present study, the ANSI 51 stage is represented
by a 136 A pickup with the Schneider Electric Long
Time Inverse characteristic and TMS = 0.025.

2. The reported high-set ANSI 50 stage is 1,227.6 A
primary, equivalent to 9.3 x 132 A, with a 0.01 s
definite delay. Because the available study data do
Patombang, 25..M81_ 2026 not document the complete CT secondary
P e configuration, this value is treated as a reported
o primary setting and not converted to a relay-

secondary current.
P To clarify the decision-making mechanism and the
execution of power interruption by the circuit breaker when

NIM. 062330310533
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an anomaly occurs, the logic flow of the protection system is
presented in Figure 3.1 Logic Flowchart below:

4,—

CT Current Transformer
Primary Current Detection

v

MICOM P225 Relay
Read Actual Current

Current in Range )
(136A-1.227,5A)

Is (I) >= 1.277,6 A? l ( Yes
>
Yes

ANSI 50 Function Al (~
(Instantaneous,
No Time Delay

1.227,6A)

Send Trip Signal
Instantaneously (0,1 s)

Send Trip Signal
‘ (0,015)

Trip Coil Circuit Breaker (CB)
Receives Trip Command |

Circuit Breaker Opens
(Interrupts 2.3 kV Power Flow)

Figure 3. 1 MiCOM P225-Motor Coal Mill 2B Relay Protection
System Operation Logic Flowchart

The operational mechanism of the electrical protection
system is divided into four main stages as follows.

1. Current detection: the phase CTs provide the relay with the
motor current signal. The MiCOM P225 applies the
configured CT ratio when displaying measured phase
current.

2. Logic processing: the relay compares the measured current
with the programmed phase-overcurrent thresholds and
applies the associated definite-time or
characteristic.

3. Fault Characteristic Classification Stage:

a. ANSI 51 stage: when the current exceeds 136 A and
remains below the high-set threshold, the relay follows

inverse-time

the Long Time Inverse characteristic. This stage is
evaluated here as phase overcurrent protection; the
dedicated ANSI 49 thermal function and locked-rotor
protection are outside the main scope.

b. High-set ANSI 50 stage: when the current reaches
or exceeds the reported 1,227.6 A threshold, the
high-set definite-time stage is assumed to issue the
protection signal after 0.01 s. The total circuit-
breaker clearing time is not evaluated because
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breaker operating data were not available.

4. Protection limitation: without a prospective short-circuit
study and coordination curves for other protective devices,
the study cannot establish minimum-fault sensitivity,
selectivity, or complete system coordination.

Table 3. 1 Actual Coal Mill Motor Data for 10 Days in the
Observation Period

Actual Motor Running
Parameters Information
Voltage
V)
May 5, 85,38 | 215,3 | 2.417,4
2026
May 6, 82,84 204 2.415
2026
May 7, 83,04 |205,3 | 2.419
2026
May 8, 76,93 | 187,7 | 2.413,7
2026 Observations were
May 9, 82,92 |204,5 | 2.418,6 |carried out between
2026 10:00-10:30 WIB
May 12, 89,82 | 220,1 | 2.419,2
2026
May 13, 91,56 |267,8 | 2.417,4
2026
May 18, 85,38 | 209,5 | 2.415,7
2026
May 19, 95,8 |276,6 | 2.416,6
2026
May 20, 83,18 (204,42 | 2.420
2026

3.2 Relay Setting Parameter Calculation Analysis
The setting analysis distinguishes the physical motor

nameplate current from the CT/relay base quantities. The
motor nameplate FLA is 132 A. The plant data report a 160
A phase-CT primary rating. The ANSI 51 pickup is evaluated
against the motor FLA, while the CT ratio and relay-side
current representation remain a reproducibility item that
should be verified from the relay configuration record.
Motor nameplate current:
1 FLA = 132 4

ANSI 51 pickup setting: Equation 3

Lee=1.03 x 1324

Lot = 13596 4= 136 A
High-set ANSI 50 setting:
I50=9.3 x 132 A =1,227.6 A, with a reported definite delay
of 0.01 s.
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The existing relay setting is evaluated using the motor
nameplate current as the reference current. The calculation
shows the relationship between the motor FLA and the
implemented ANSI 51 pickup.

Percentage of pickup above motor FLA:

(Iset — IFLA) _ [(136-132) _
[T] X 100% = [7132] X 100% = 3.03%

2
Thus, the existing ANSI 51 pickup is approximately 3.03%

above the motor nameplate FLA. This describes the
implemented setting and is not presented as a newly
optimized setting.

High-set ANSI 50 setting relative to motor FLA:

10— 1227.6/132 = 9.30
IFLA

Therefore, the reported high-set threshold is 9.3 times the
motor nameplate current. The high-set delay used in the
analysis is 0.01 s.

3.3 Long Time Inverse Curve Characteristic Analysis

The MiCOM P225 technical manual identifies the
Schneider Electric Long Time Inverse characteristic with K =
120, =1, and L =0. The TMS is set to 0.025. The operating-
time equation used in this study is:

t =TMS X

120 ]
1
()-1)
For I <136 A, the relay is below the ANSI 51 pickup and the
inverse-time equation is not interpreted as a physical trip time.
At the pickup boundary,
approaches infinity. The P225 manual also notes a minimum

the mathematical expression

guaranteed operating-current region for inverse characteristics

around 1.1 s, subject to tolerance.
120

H-1

The selected curve therefore shows decreasing operating time

t=TMS

as the current increases above pickup. This analytical
characteristic is used to evaluate selected current points and
the reported motor starting current; it is not treated as proof
of fault-clearing performance.

For the selected Long Time Inverse characteristic, the
operating time is calculated from: Equation 2

K
= TMS x [yt L]
With TMS =0.025, K=120,a=1,L=0,and Is=136
A, the equation becomes:
t = 0.025 X [r—
femEne
Example calculation at 150 A:
L =5 - 1103
Is 136
t = 0025 x [—=—|~ 29.145
(1.103 - 1)

This represents a current slightly above the ANSI 51

pickup. The calculated operating time decreases as current
increases.
At the pickup boundary / = 136 A, the denominator
approaches zero and the theoretical inverse-time equation
tends toward infinity. Therefore, 136 A is treated as the
pickup boundary rather than assigned a finite trip time.

For I <136 A, the relay is below the ANSI 51 pickup and
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the protection status is classified as no operation. Negative
operating times obtained by substituting sub-pickup currents
into the inverse equation are not physically meaningful and
are not used.
3.4 Disconnection Time Simulation and TCC Curve

Generation

The relay operating time was calculated for selected
current values using the Schneider FElectric Long Time
Inverse equation. The current ratio //Is is dimensionless. For
currents below the 136 A ANSI 51 pickup, the relay is
classified as no operation. For currents above pickup and
below the 1,227.6 A high-set threshold, the calculated
operating time follows the Long Time Inverse characteristic.
At the reported motor starting current of 985.91 A, the

98157'691 = 7.25. Substitution into the Long

Time Inverse equation gives t = 0.025 x 120/ (7.25 — 1) =
0.48 s. At 1,227.6 A, the analysis changes to the reported
high-set ANSI 50 definite-time stage of 0.01 s.
I 1,227.6
— = = 9.03
Is 136

1. Current below pickup: I =100 A

Result: I/Is = 100/136 = 0.74 < 1.00. The current is below
the ANSI 51 pickup; therefore, no ANSI 51 operation is
assigned.

.o
current ratio 1s E =

t = 0.025 x [120—(7.25 - 1)] ~ 048s

1 — 985.91 = 795

Is 136
2. Current slightly above pickup: I =150 A

Result: I/Is = 150/136 = 1.10. The calculated ANSI 51 Long
Time Inverse operating time is approximately 29.14 s.

t = 0.025 x [120—(1.103 - 1)] = 29.14s

L - 150 _ 1103
Is 136

3. Reported motor starting current: I = 985.91 A
Result: I/Is = 985.91/136 = 7.25. The calculated ANSI 51

Long Time Inverse operating time is approximately 0.48 s.

L =1 - 0735 < 1.00
Is 136

4. Reported high-set current: I = 1,227.6 A
Result: The current reaches the reported ANSI 50 high-set
threshold. The analysis therefore uses the reported definite-
time delay of 0.01 s rather than continuing the ANSI 51
inverse-time curve beyond the high-set threshold.
Table 3.2 Results of Simulation Calculation of Relay Operating
Time against Current
Current Relay
Ratio (I/Ts) Working
Time (t)

Current (I)

ANSI Protection
Status/Function

0A 0.00 No operation Below ANSI 51
pickup

50 A 0.37 No operation Below ANSI 51
pickup

100 A 0.74 No operation Below ANSI 51
pickup
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125 A 0.92 No operation Below ANSI 51
pickup
Pickup boundary;
136 A 1.00 — no physical trip
time
150 A 1.10 29.14 s ANSI 51 (Long
Time Inverse)
175A 1.29 10.46 s ANSI 51 (Long
Time Inverse)
200 A 1.47 6.38 s ANSI 51 (Long
Time Inverse)
225A 1.65 4.58s ANSI 51 (Long
Time Inverse)
250 A 1.84 3.58s ANSI 51 (Long
Time Inverse)
500 A 3.68 1.12s ANSI 51 (Long
Time Inverse)
985.91 A 7.25 0.48 s ANSI 51 (Long
Time Inverse)
1,000 A 7.35 047 s ANSI 51 (Long
Time Inverse)
1,227.6 A 9.03 0.01s High-set ANSI 50
stage (DT)
2,000 A 14.71 0.01s High-set ANSI 50
stage (DT)

Time-Current Characteristic (TCC) - Coal Mill 2B

= ANSI51 Long Time Inverse (calculated)
==+ ANS| 51 pickup = 136 A
Reported motor starting time = 0 3-055

104

Starting current = 985,91 A

10°4 lated ANS| 51 time = 048 s

Relay operating time, t (s)

High-set ANSI 0 = 1,227, A
Dehntedelay 0.01s

10724

lr
10°
Primary current, | (A)

Figure 3.1 Time-Current Characteristic of the Coal Mill 2B Motor

The TCC the calculated operating

characteristic of the existing ANSI 51 Long Time Inverse

represents

setting. The operating time decreases as current increases

above the 136 A pickup. The reported starting current of

985.91 A corresponds to a calculated ANSI 51 operating time

of approximately 0.48 s, while the reported high-set threshold

of 1,227.6 A is associated with the 0.01 s definite-time stage.

a. The reported starting current of 985.91 A is below the
1,227.6 A high-set threshold but well above the 136 A
ANSI 51 pickup. At this current, the calculated inverse-
time operating time is approximately 0.48 s.

b. The reported motor starting duration is approximately
0.3-0.5 s. The calculated 0.48 s relay operating time
therefore lies close to the upper limit of the reported
starting interval. However, this comparison alone does not
prove successful starting-current ride-through because the
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actual motor current-versus-time starting curve, relay
event record, and direct trip response were not available.

c. The TCC shown here represents only the Coal Mill 2B
motor relay characteristic. Because the time-current
curves and settings of the upstream and downstream
protective devices were not available, this figure cannot
by itself establish selectivity or complete protection
coordination.

d. The shaded 0.3-0.5 s interval in the revised TCC is the
reported motor starting-time range, not a measured relay
operating-time range. Its overlap with the calculated 0.48
s point indicates that starting-current ride-through
requires verification rather than demonstrating that the
relay will definitely ride through the complete starting
transient.

3.5 Comparative Analysis of Relay Settings Against
Daily Load Fluctuations

3.5.1 Operational Data Reading Procedure via MiCOM
P225 HMI
Actual operating data for the Coal Mill 2B motor were

collected through the MiCOM P225 HMI. The relay

documentation states that MEASUREMENTS 1 provides

phase-current and line-voltage measurements as true RMS
values after applying the configured CT/VT ratios, while

MEASUREMENTS 2 provides active power and other power

quantities.

For this study, the ten observation records include current,
active power, and voltage. The observation window was
10:00-10:30 WIB on each recorded day.

1. The measured current is used to calculate the current-
based loading ratio, while voltage and active power are
reported as supporting operating-condition information.
The current-based loading ratio is an approximation and
should not be interpreted as a direct measurement of
mechanical load because motor load also depends on
voltage, power factor, efficiency, and other operating
variables.

2. MEASUREMENTS 2: Monitors the total Active Power
(P) in kW.

DEFAULT DISPLAY
&= 1245 A4
53
4* OP PARAMETERS 1—4 ORDERS C—'| CONFIGURATION +———
U = & b _A.i,,,, $ ®la ¢
b o
ol RECORDS MEASUREMENTS -—
4 @l EAE
3 @]
j AUTOMAT. CTRL. PROCESS -
I . -
< = S =& K
L [PROTECTION G1IGZC—I| COMMUNICATION '—+ TRIP STATISTICS q—
®le ¢ ®le =

Figure 3. 2 MiCOM P225 Display Organization Menu
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3.5.2 Operating-Current Comparison with the ANSI 51
Pickup
The ten observation records show that the running
current remained below the 136 A ANSI 51 pickup. The
corrected values in Table 3.3 use 76.93 A for Day 4 and 83.18

A for Day 10, consistent with Table 3.1 The average current

from these ten corrected values is approximately 85.69 A, or
64.9% of the 132 A nameplate current.

Across the ten observations, current ranges from 76.93 A
to 95.80 A. The average current is approximately 85.69 A,
corresponding to 64.9% of the 132 A nameplate current. The
smallest margin to the ANSI 51 pickup occurs on Day 9: 136
—95.80=40.20 A.
The same calculation procedure is applied to the other nine
observation records. Table 3.3 presents the resulting current-
based loading and margin to pickup.

Margin to ANSI 51 pickup = I, — [ = 136 — 85.38 = 50.62 A

Current-based loading = (I1/IFLA) x 100% = (85.38/132)
x 100% = 64.68%

A representative calculation is provided for Day 1, while
the remaining observation days are summarized in Table 3.3
to avoid repeating identical arithmetic.

Table 3. 2 Evaluation Results of Percentage Loading and Daily

Safety Margin
Day Current Current- Pickup Operating-
Observation  Actual based Limit current
A) Loading A) Margin to
(%) Pickup (A)
Day 1 85.38 64.7 136 50.62
Day 2 82.84 62.8 136 53.16
Day 3 83.04 62.9 136 52.96
Day 4 76.93 58.3 136 59.07
Day § 82.92 62.8 136 53.08
Day 6 89.82 68.0 136 46.18
Day 7 91.56 69.4 136 44.44
Day 8 85.38 64.7 136 50.62
Day 9 95.80 72.6 136 40.20
Day 10 83.18 63.0 136 52.82

The observed current ranged from 76.93 A to 95.8 A. The
corresponding operating-current margin to the 136 A pickup
ranged from 40.20 A to 59.07 A. This comparison shows that
the sampled normal operating current was below the ANSI 51
pickup during the ten observation records. It does not
demonstrate false-trip immunity during starting, transient
overloads, faults, or changing process conditions.
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Recorded Motor Current and ANSI 51 Pickup

130 1

120+

1104 —8— Recorded current

—== ANSI 51 pickup = 136 A

Current (A)

90 4

804

r T T T r T T T T T
1 2 3 4 5 6 7 8 9 10
Observation day

Figure 3.2 Comparison of Recorded Motor Current with the 136 A
ANSI 51 Pickup

Current-Based Motor Loading Ratio
100

80

sow

40

Current-based loading (%)

20

1 2 3 4 5 6 7 8 9 10
Observation day

Figure 3.3 Current-Based Motor Loading Ratio during the Ten
Observation Records

4. Conclusion

1. The existing ANSI 51 pickup of 136 A is approximately
1.03 times the 132 A motor nameplate current, while the
reported high-set ANSI 50 stage is 1,227.6 A with a 0.01
s definite delay. These values describe the implemented
relay settings and are not presented as a newly optimized
protection design.

2. Based on the Schneider Electric Long Time Inverse
characteristic of the MiCOM P225 (K=120,0=1,L =0,
TMS = 0.025), the calculated ANSI 51 operating time at
the reported starting current of 985.91 A is approximately
0.48 s. Because the reported motor starting duration is
0.3-0.5 s, the calculated point lies close to the upper limit
of the starting interval. However, starting-current ride-
through cannot be conclusively verified because the
actual current-versus-time starting curve, relay event/trip
record, and direct trip test were not available.

3. During the ten observation records, the running current
ranged from 76.93 A to 95.80 A, with an average of
approximately 85.69 A, equivalent to 64.9% of the 132 A
nameplate current. The operating-current margin to the
136 A ANSI 51 pickup ranged from 40.20 A to 59.07 A.
These results show that the sampled normal operating
current remained below the existing ANSI 51 pickup
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during the observation period, but they do not prove
immunity from false trips during starting, transient
overloads, faults, or other unobserved operating
conditions. [5]
4. Complete protection selectivity and coordination cannot
be established from the available data because the time-
current characteristics and settings of the upstream and
downstream protective devices were not available. A
complete coordination assessment would also require the
relevant motor starting/locked-rotor, equipment-damage,
feeder, breaker, and upstream/downstream protection
characteristics on a common TCC.
5. Minimum-fault sensitivity, CT saturation performance,
total breaker clearing time, and overall relay [6]
dependability/security were not directly validated. The
available data do not include a complete short-circuit
study or sufficient CT secondary configuration, accuracy
class, burden, and relay-side scaling
Therefore, the study should be interpreted as an analytical
evaluation of the existing ANSI 50/51 settings and the
sampled operating current, rather than as proof of
complete protection coordination, fault
starting ride-through, or overall relay reliability.
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  𝑳 𝒐 𝒂 𝒅 =    (   𝑰    𝑰  𝒓 ) × 𝟏 𝟎 𝟎 %


  𝒕   =   𝑻   ×    [     𝑲   (    (   𝑰  𝑰 𝒔 )  𝜶 −   𝟏 ) +   𝑳   ]


   [    ( I s e t   −   I F L A )  I F L A ] ×   100 %   =    [    ( 136   −   132 ) 132 132 ] × 100 % =   3 . 03 %


   150  I F L A   =   1 , 227 . 6   /   132   =   9 . 30


  t   =   T M S   ×    [  120   (    (   I 136 ) 1 −   1 ) ]


  t = T M S  120   (   I    I  s ) − 1


  t   =   T M S   ×    [     K   (    ( I − I s )  𝛼 −   1 ) +   L   ]


  t   =   0 . 025   ×   [  120  (  (   I 136 ) − 10 )   ]


                      I  I S   =     150     136 =   1 . 103


 


  


 


    I  I s


    985 . 91 136


      I      I s   =   1 , 227 . 6   136   =   9 . 03


  t   =   0 . 025   ×    [ 120     ( 7 . 25   −   1 ) ] ≈   0 . 48   s


  


 


  t   =   0 . 025   ×    [ 120     ( 1 . 103   −   1 ) ] =   29 . 14   s


                        I  I s   =    150 136   =   1 . 103


                      I  I s   =    100 136   =   0 . 735   <   1 . 00

