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CAUTION CONCERNING APPLICATION-RELATED STATEMENTS:

This document contains a technical review of protective relaying techniques and practices. Protective relaying is both an art and a science. Any recommendations made in this presentation can
be assumed to be general and subject to change based on application-specific details. If you misinterpret a recommendation in this presentation and cause a nuisance trip or failure to trip,
please do not blame this presentation, the presenter or the presenter’s affiliated company. Thank you.



Characteristics of Good Protective Relaying

The “5 S’s” Mhnemonic

* Speed

When it needs to operate, you want it to operate fast.

* Selectivity

Ideally, you only de-energize the faulted equipment and nothing more.

* Sensitivity
The best protection system can detect any fault, large or small.

* Security
A good protection system trips when you need it to and never trips otherwise.

* Simplicity

Ideally, no engineering effort is required, and it's very inexpensive.
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Basics of Differential Relaying




Basic Differential Principle

Kirchoff’s Current Law: Current in should equal current out. Otherwise, there’s a fault.
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Basic Electromechanical Differential Principle

Relays use restraint to increase security.

e g through-current

TRIP

Operate

=

.0 §

i O

P @ : )
9 Call
ol —/\/\/\é
D G— :

PO §

i C s

¢ O :

PN

Differential Current

Restraint Coill

Restraint Current

A CT error




Electromechanical Principle

ANSI Function 60 - Voltage or Current Balance Relay
ANSI Function 87 - Differential Protective Relay
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Restraint Current

“Operate” current creates a tripping force.
“Restraint” current creates a counter-tripping force.




Differential Relaying Applied to Motors




Why Use Stator Differential?

Limit Damage to Windings. Save the Core.
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Why Use Stator Di

ferential?

e Speed
Limit the destructive energy in a fault

by clearing it quickly. No delay
required.

* Sensitivity
Detect a fault at its incipience before

it evolves into a lower impedance
(higher current) fault.
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Why Use Stator Differential?

* [EEE 1068 - IEEE Standard for the Repair and Rewinding of AC
Electric Motors in Petroleum, Chemical and Process Industries.

If the core damage is less than 10% of surface area, the core might be repaired
by air hammer and/or grinding.

Beyond 10% surface area damage of if a hot-spot can't be fixed by
aforementioned methods, you may be re-stacking the core.
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|s Stator Differential Recommended?

If you have a fused contactor, the answer is most likely, “No.”

If the interrupting device includes
fuses, let those fuses do their job.

Otherwise, risk damaging a
contactor.

Don’t assume a fault will be
incipient (high impedance/low
current)
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|s Stator Differential Recommended?

If you have a breaker, the answer is, “Maybe.”

* [IEEE C37.96 - IEEE Guide for AC Motor Protection
Rule of thumb: If the motor kVA rating is less than half the transformer,
use overcurrent (50) in lieu of differential (87).

* |EEE Standard 242 - Buff Book

All motors 750 kVA and above on ungrounded systemes.

All motors 750 kVA and above on grounded systems where ground
fault protection won't detect phase-phase faults.

Smaller MV motors (although 1900 kVA is easy to justify).
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How is Stator Differential Implemented?

“Core Balance” or “Flux-balance” method

Phase Differential * Preferred method

Most secure because flux inherently
cancels for non-fault conditions.

Almost any protection class CT can be
used. Digital relays are very good at
responding within spec (fast) for an
|IOC (or DIFF) element despite severe
saturation. Unbelievably enough,
60kA through a 100/5 C10 CT would
probably still work for an 87M. Check

8 7 M with your relay manufacturer.

Be aware of proximity effects.
Motor/ Stator Currents can be induced on the
Differential secondary circuit and cause nuisance
trips if the pickup is too sensitive.
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How is Stator Differential Implemented?

“External Summation” method

i &ia o Not Optimal

1 ‘ DIFF. DIFF,
PHESE B CT PHASE B CT

/ \ Poor (and unequal) CT performance because of asymmetry
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causes false differential currents on startup.
b OIFF. b . .
PHASE G CT PHASE C CT Can be addressed by adding a start delay to the protective
function, or gradually increasing sensitivity as motor starts, but
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How is Stator Differential Implemented?

“External Summation” method

Notice the asymmetrical
nature of this induction
motor start. CT's perform
poorly under
asymmetrical currents.
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How is Stator Differential Implemented?

“Internal Summation” method

E?ggglgg TERMINAL SIDE CTs /_\ NEUTRAL SIDE CTs ® Prefe rred m eth Od if core
Phase A : : 'fr _I-Tw b | |
Prasos ) 0 ( MOTOR) - } alance is not practica
Phase | . A Percent Slope Differential can be applied.
- [ \/ ' - Addresses CT inaccuracy issues without
il il introducing time delay or decreasing
sensitivity.

Addresses CT inaccuracy for both motor
starting and fault-circuit contribution.
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Note the CT polarity. This can vary by manufacturer.
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Differential Relaying Applied to
Transformers




Transformer Protection Basics

Art & Science Confirmed by IEEE Standard.

* “There is no one standard way to protect all transformers, or
even identical transformers that are applied differently.”
- |EEE C37.91 Protection of Power Transformers
Consider these factors when developing a protection scheme:
oRepair damage
oCost of lost production
oAdverse effects on the rest of the system

oCollateral damage to other equipment

oTime that damaged equipment will be out of service.
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Is Transformer Di

ferential Recommended?

It depends. See list of factors to consider on previous slide.

For transformers 2500KVA and below, For transformers 750KVA and
medium and low voltage windings above, medium voltage windings

3
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Source: GE Relay Selection )
Guide, GET-8048A circa -

2002
87T 3 E
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yo " W &
| disagree with this [52]
recommendation on grounds 5
that arc-flash incident energy -

could be greatly reduced with

87T.
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Challenges of Transformer Differential

It’s usually not as simple as stator differential.

-CT mismatch

‘Transformer winding phase shift

-Zero-sequence current compensation

- Ground fault sensitivity in impedance grounded systems
-Magnetizing current inrush

« CT performance
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Challenges of Transformer Differential

CT mismatch.

H3/lc H2/lg H1/la

100/5 &
100/5 §
100/5 ¢t
138kv - A LLLLJ L1 L))
e Y M MM MM
3000/5¢
3000/5 ¢
3000/5 ¢

X3/Ic X2/l X1/lq

In the days before digital relays, CT ratios would need to
be sized to “normalize” secondary currents as closely as
possible.

In this example 2MVA Dy30 transformer, CT ratios of
100/5 and 3000/5 might be chosen to “normalize” the
full load secondary amps at approx. 4.

2 MVA/13.8kV(SQRT(3) = 83.6 Pri = 4.18 secondary.

2 MVA/0.48kV(SQRT(3) = 2405 Pri = 4.00 secondary.

In digital relays, the currents are mathematically
normalized to a reference winding. If the 13.8kV
winding is used as the reference, a relay would scale the
480V winding currents using this factor:

(3000/5) x 480V / (100/5)/13800 V = 1.04.

In other words, a digital relay would scale the 4
secondary amps of measured current at 480V by 1.04 to
make it equal the 4.18 amps measured at 13.8kV.
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Challenges of Transformer Differential

Transformer Winding Phase Shift.

H3/I H2/I H1/I - . .
- ’ ’ Transformer nameplates will identify the phase shift.
lc=Ic-1g’ MOST of the time, we deal with standard ANSI
100/5 & . transformers whose secondary windings lag the primary
B=IB ~I1A
100/5 & by 30 degrees.
la=la'-Ic’
100/5 ¢ Electromechanical relays accounted for that phase shift
e A 4 <l N with CT wiring. Notice the delta-wired CT's on the
0.48 KV AL U M.-_- secondary winding in this example.
2 MVA Y |c |bl | Wé
Ic*N=1Ic" = lc Ignore the turns ratio and the CT ratios, and it is easy to
'B:Nz b= 1o see how these current summations elegantly sum to
W*N=1lo"=la = zero for normal load or through-faults.
la=la'-Ic’
3000/5¢q |
3000/5 & b= lb-ld
3000/5 & Ic =lc-b
X3/lc X2/l X1/lq

23



Challenges of Transformer Differential

Transformer Winding Phase Shift.

18110 A -121.28°

178.90 A -243.02°

442 A -104.08°

2921 k& -212.15°

3.002 k& -330.63°

This is an example of the phasors that one would expect
to see for a Dy30 transformer with ABC rotation.

Notice la, when flipped 180 degrees to account for CT
polarity (both winding CT polarities are AWAY from the
transformer), it lags IA by 30 degrees.

It's important to understand that a microprocessor
relay is not just “shifting” phasors to account for

‘phase angle shift. It is applying the same complex

algebra that an electromechanical system
accomplished with physical summation by
connecting wires
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Challenges of Transformer Differential

Transformer Winding Phase Shift - Example.

E [ prinery_ This Dy30 transformer’s relay has
,7]— been programmed to expect ABC

S1.43 4 148457

167 A 30400 rotation, but it has been wired as
= ACB.

1471 kA 0.00°
1.507 kA 240597
1.511 kA -118.60°

74V 10925 The dashed line shows the
calculated angle-compensated
value of la. It should be 180
degrees out-of-phase with the
measured la on the right.
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Graph 1

Challenges of Transformer Differential

Transformer Winding Phase Shift - Example.

5143 A -148.49°

Graph 2

5187 A -30.40°

Graph 3

5293 A -269.68°

Graph 1

1471 kA 0.00°

Graph 2

1.507 kA -240.95°

Graph 3

If we misunderstand
what the relay is doing
and assume that the
relay simply shifts Ia, Ib &
Ic forward by 30 degrees,
it's hard to understand
why this does not work.
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Challenges of Transformer Differential

Transformer Winding Phase Shift - Example.

51.43 A -148.49°

51.67 A -30.40°

5293 A -269.68°

1.471 kA 0.00°

1.507 kA -240.95°

1.511 kA -119.80°
). or4 KV -109.25

If we know the math that the relay is
applying for phase angle compensation
for a Dy30 with ABC, we can see that
the secondary phases are all wired into
the wrong spot. They have all been
rolled.

For example, the mathematical
outcome of la would sum to zero if it
were summed with measured Ic.
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100/5

13.8kv A

0.48 kV
2 v EF“

Challenges of Transformer Differential

Zero-Sequence Current Compensation.

A
| 100/5 - i
100/5 & T ¢
U U UL T
Wé :
3000/5 & f T ¢
3000/5 & =
30005 &, _ - L i

When 1LG faults occur outside the zone of protection on the
wye side, the differential must not operate.

A review of the current flow in the relay’s CT circuits shows how
the delta-wired CT's in an electromechanical system negate the
currents that flow in two phases on the delta side.

Digital relays perform this zero-sequence current compensation
mathematically, using the aforementioned equations used in
phase angle compensation, so there is no need for delta-wired
CT's.
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Challenges of Transformer Differential

Ground fault sensitivity in impedance grounded systems

Delta Winding Wye Winding WINDING

RGF DIFFERENTIAL
ZOME LZONE

Impedance grounded —
wye winding

Relay compares measured Ig to calculated 310. This is one reason that delta-connected CT's are not recommended.
Delta-connected CT's negate the relay’s ability to calculate 3I0.
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Challenges of Transformer Differential

Magnetizing Current Inrush

When a transformer is energized, inrush current can be as high as 10 x FLC of
the transformer.

Inrush lasts for only a few cycles but can cause the differential element to
operate because it has the appearance of an internal fault (current flows into
but not out of the unloaded transformer).

Predominantly 2"d harmonic.

Digital relay filters can eliminate the 2"d harmonic component from “restraint
coil” currents to restrain operation during inrush.

bt 1 - 1,
VIRV R

raz-1e A NANVANY AN AN AN AN AN S
hAZ- 1

W W W W W W W W
fmir lad hilag rall T,
rrrrrrrrrr T
aaaaaaaaaaaaaaa i T
xxxxxxxx
rrrrrrrrrr
>fmr Harm=2 |bd hdag T
2fmir lcd hdag
>Ffmir locr hlag
2Ffmr Harmz lcd hklag r ———-ﬂl'
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Magnetizing Current Inrush

Rl X1

Challenges of Transformer Differential
| magnetizing =1 =171 FLC Magnetizing
where i = transformer efficiency Current
FLC=FullLoad Current

—

m  All transformers must establish flux in the transformer core

= This flux causes a current to flow known as the magnetizing
current

= Magnetizing current appears as differential current
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Challenges of Transformer Differential

Magnetizing Current Inrush

Magnetic Hysteresis Loop

sNon-Linearity of the core results in a non-linear magnetizing
current waveform

sNotice flux lags excitation voltage by 90 degrees

sSteady State Magnetizing current is in the range of
1-3% of XFMR Full Load Amps
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Challenges of Transformer Differential

Magnetizing Current Inrush

LAY

e [ ] ...
. ;]
. saturation knee
. pont

#
20 radian>-" /

=  When an abrupt change in excitation voltage occurs, as when
transformer is en energized, a large magnetizing current can flow.
Magnetic hysteresis loop becomes negligible.

= The Magnetizing Inrush Current is dependent on several factors, which
will be discussed on the following slides
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Challenges of Transformer Differential

Magnetizing Current Inrush

Flux above saturation knee point
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Challenges of Transformer Differential

Magnetizing Current Inrush - Point on Wave Switching

\Start of event \.Start of event

= Highest magnitude inrush occurs when excitation voltage is applied at
Zero crossing

= Lowest magnitude inrush occurs when excitation voltage is applied at
-90 degrees

= Switching point is not controlled thus magnitude of inrush
unpredictable
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Challenges of Transformer Differential

Magnetizing Current Inrush - Remanent Flux

Positive remanent flux Negative remanent flux

Remanent Flux can be 30-80% of maximum core flux
 Remanent Flux can be positive or negative
 This can lead to increased or decreased magnetizing inrush current

«  Amount of remanent flux present is unpredictable
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Challenges of Transformer Differential

Magnetizing Current Inrush - Core Design

Saturation flux density and peak flux density of a
transformer core is primarily affected by core design

Steel quality has remained constant over the years
_aminated core designs have become more common

_aminations provide an air gap between each
amination - resulting in lower steady state and inrush
magnetization currents
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Challenges of Transformer Differential

Magnetizing Current Inrush - Core Design

 Laminated core designs lead to lower
reluctance cores

* Lowerreluctance cores are more efficient
leading to lower magnetizing current
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Challenges of Transformer Differential

Magnetizing Current Inrush - Impact of Power System

 The peak magnitude of the inrush current is dictated by the
strength of the power system source

 Theduration of an inrush event is dictated by the resistive
losses in the circuit

 The change in flux over time is defined by:

t+1

Ap= I(er‘)a‘r

where  Ag@= flux change per cycle,
R = total series resistance including transformer winding resistance
T = period of one cycle,
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Challenges of Transformer Differential

Magnetizing Current Inrush - Naturally non-linear

IDEAL INRUSH WAVEFORM
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Challenges of Transformer Differential

Magnetizing Current Inrush - Rich in even harmonics

Dominated by
2"d Harmonic

IDEAL INRUSH WAVEFORM
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Challenges of Transformer Differential

Magnetizing Current Inrush - Causes CT saturation

Distortion from CT
Saturation

i iy A I P
| {h fi | il I n =
I | I | 1 | 1 I [ . = i
I o O L T L T A I T
I 1 | 1 | I
e e e = —— l.' |_| .'l e T |_| | D - s
(R | ¥ A ¥ S I | T VA | R

15MVA - 66kV to 6.9kV Transformer
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Challenges of Transformer Differential

Magnetizing Current Inrush - Causes CT saturation

_CHANMEL DENTIFIER | | GRAPH | 2nd | 3rd | $h | Sth | oth | Tih | oeh |
F1-8 Crag 2444 | 755 | 350 | 188 | 08d 141 DM

o
Grapl | 5838 | S&a | 702 B
e 6

Dominated by
2"d Harmonic

15MVA - 66kV to 6.9kV Transformer 43



Challenges of Transformer Differential

Magnetizing Current Inrush - When does it occur?

During Transformer Energization:

o TyFicaIIy_ the most severe case, because excitation
voltage is going from zero to maximum value

= For three phase transformers, each phase will
experience different peak values of inrush current due to
the voltage angle at the time of switching
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Challenges of Transformer Differential

Magnetizing Current Inrush - When does it occur?

= During Post Fault Voltage Recovery:

During a fault, the system voltage is depressed and then
returns to full value

This change in voltage can lead to inrush currents
similar to energization of transformer

Not tygicall as severe as Energization because Flux
won't be fully offset from excitation voltage

The presence of load current will act to lower ratio of
second harmonic to fundamental current
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Challenges of Transformer Differential

Magnetizing Current Inrush - When does it occur?

= Sympathetic Inrush:

When two or more transformer banks in parallel are energized
sequentially

Energization of the first transformer will cause magnetizing inrush
current to flow with no additional effects

Energlzatlon of second transformer can cause significant voltage
rop

Voltage drop effects previously energized transformer, causing it to
draw inrush current in opposite direction

e
Jt Tx 2

_/W ¢ Tx 1
3t \I \I \l \| \I

R+ jX
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Challenges of Transformer Differential

Magnetizing Current Inrush - When does it occur?

As shown earlier, high levels of inrush current can
cause differential relay misoperation

We need to identify this condition and stop the
differential relay from operating while inrush
condition is present

Many methods exist, all rely on the characteristics
of the inrush waveform
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Challenges of Transformer Differential

Magnetizing Current Inrush - Percentage of Total Harmonic Method

+...1

*** 2 diff (n harmonic)

I . 41, N :
i~ ndharmont) i (3rd harmone) > setting, then block differential

differential ( Fundamentd )

= T his method utilizes the fact the inrush
waveform is rich in harmonics

» [ypically applied in EM relays per phase

= Problems

= More efficient core designs produce less harmonic
content

= CT Saturation essentially creates a setting “floor”
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Challenges of Transformer Differential

Magnetizing Current Inrush - Percentage of Total Harmonic Method

= Typical values of 2nd
harmonic to

Graph Data - D:\Documents nd Setting...[3 ..fu n d a m e nt a I rati O S a r e
o | womne in the range of
e 2 10%-60%

F3-IC ARAAAAAR F3IC -418 ,
TYPIVeT mrnens (sase ). w - Can be much lower as
= Microprocessor relays
have introduced

methods to deal with
this problem

49



Challenges of Transformer Differential

Magnetizing Current Inrush -4th Harmonic Method

: Id.{}fferenrﬁ:’( dth harmoni)
if

1

> setting, then block differential

differentul ( fundamentd)

= 1his method utilizes the fact the inrush
waveform is not symmetric, leading to even
harmonics

» Used in some microprocessor relays
» CT Saturation still a problem

= No significant benefit over 2" harmonic
method
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Challenges of Transformer Differential

Magnetizing Current Inrush - Wave Shape Method

» Relies on flat spots near zero
value (>1/4 cycle)

= CT saturation can compromise
security and dependability

= Were used widely in solid-state
relays

» Differential element delayed by
1 full cycle

last cycle

51



Challenges of Transformer Differential

Magnetizing Current Inrush - Adaptive Method

12

.
In=— -
Ixe’™

where 7, is the 2™ harmonic differential current phasor,

—
I is the fundamental differential current phasor,
o is the system frequency.

Method utilizes 2" Harmonic
Magnitude and Angle

Dynamically restrains over a
maX|mum of 6 cycles

slow oCPeratlon by a few
cyc es if 29 harmonic current is

present
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Challenges of Transformer Differential

Magnetizing Current Inrush - Adaptive Method

If the second harmonic drops magnitude-wise below 20%, the
phase angle of the complex second harmonic ratio (12/11) is
close to either +90 or -90 degrees during inrush conditions

The phase angle may not display the 90-degree symmetry if
the second harmonic ratio (I2/I1) is above some 20%

If the second harmonic ratio (I12/11) falls bellow 20% making
an angle of £ 90° with the fundamental current, the algorithm
appILeg adc?ptive lenses, and time for which the 87T protection
IS inhibite

Method dynamically lowers the restraint threshold at the
beginning of inrush event and gradually increases back to the
setting value

CT saturation impacts speed
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Challenges of Transformer Differential

Magnetizing Current Inrush - Adaptive Method Example

13805 A

-17999 2

1993.9 A

&1.800 % fo
44 396 deg
-24.200 % fo

-56.003 dey

29.300 % fo

ik

BE5.03 ms

Transformer D/Y30, 13.8/115 kV
energized from Wye side
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Challenges of Transformer Differential

Magnetizing Current Inrush - Adaptive Method Example
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Challenges of Transformer Differential

Magnetizing Current Inrush - Adaptive Method Example

EZE A > A
Tsanle =

-583.71 A

Inrush current on
transformer energization
- phase A

-0.07813 pu

r — —

080000 % fa |

2 5830 deg i

[ /—
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Challenges of Transformer Differential

Magnetizing Current Inrush - How should these methods be applied?

» Electromechanical relays typically used
either % total harmonic or % 2nd
harmonic methods

» Electromechanical relays applied them on
a per-phase basis

= Microprocessor relays can apply many
methods on a per-phase, 1 out of 3
(bcrqss blocking), 2 out of 3, or average
asis

s Pros and Cons to each
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Challenges of Transformer Differential

Magnetizing Current Inrush - How should these methods be applied?

1 out of 3 (Cross Blocking)— Very secure, but
can reduce reliability or speed:

= Consider fault during energization

Per Phase — Less secure, very reliable:

= Consider low 2" harmonic inrush

= Use on three-phase bank of single phase XFMRS

2 out of 3 — More secure than Per Phase,
notentially less reliable

Averaging Method — More secure then Per
Phase or 2 out of 3, no compromise on
reliability
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Challenges of Transformer Differential

Magnetizing Current Inrush - How should these methods be applied?

Security & Speed:

= 2" harmonic method and cross blocking or
averaging mode

Security (speed not important):
= Adaptive method and per phase
Dependability & Speed:

= 2" harmonic method and per phase or
averaging mode

Dependability, Security & Speed:
= 2" harmonic method and averaging mode
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Challenges of Transformer Differential

CT Performance - Pickup, Slope, Breakpoint

Pickup a4

CT's can be within measurement accuracy
and still be +/- 10%. Weight benefits vs
consequences before setting below 0.2
per unit.

In MV petrochemical applications, consider
setting the pickup at 2 x load. The benefit of
this conservative approach is to prevent a
nuisance trip even in the case that someone
wired the CT polarities backwards. Alarm on
high diff current.

Operate

Block

differential

Slope 2

""" Slope 1

Pickup [££54

-
restraining |,

Break 1
Break 2
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Challenges of Transformer Differential

CT Performance - Pickup, Slope, Breakpoint

Slope 1

Protection Class CT's can be within
measurement accuracy and still be +/-
10%. One measuring at +10, the other
measuring at -10% at full load results in a
Idiff/Irest = 20% for a two-winding
transformer. Weight benefits vs.
ggrg/sequences before setting lower than

0.

differential

Pickup [££54

Operate

Block

Slope 2

""-.Slopel

Break 1 |---

Break 2

-
restraining |,
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Challenges of Transformer Differential

CT Performance - Pickup, Slope, Breakpoint

Breakpoint 1 C

Divide CT kneepoint voltage by CT burden
then multiply by 20%. This method
accounts for extremely poor CT
performance at low magnitudes due to
remanence.

Operate

Block

differential

Breakpoint 2
Divde CT kneepoint voltage by CT burden.

In MV petrochem applications, consider
settings same or very close to Breakpoint 1.
This adds security and makes testing easier.

. Slope 2

""" Slope 1

Pickup [££54

-
restraining |,

Break 1 |---
Break 2

62



Challenges of Transformer Differential

CT Performance - Pickup, Slope, Breakpoint

Slope 2

- Slope 2 accounts for CT measurement
errors during worst-case fault condition:

I(\:/I_ngimum fault current Worst-performing

- Slope 2 setting should be high enou&;h
to override differential current created by
worst case CT saturation condition

- A worst-case scenario occurs when only
one of the differential CTs saturates
severely due to a through (external) fault
current, and other differential CTs do not
saturate

differential

Pickup [££54

Operate

Block
Slope 2

""-.Slopel

Break 1 |---

Break 2

-
restraining |,
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Challenges of Transformer Differential

CT Performance - IEEE PSRC CT Saturation Tool

Thick lines: ldeal (blue) and actual (black) secondary current in amps vs time in seconds. The |IEEE PSRC CT Saturation Tool is a great
Thin lines: kleal {blue) and actual (Mack) secondary current extracted fundamental rms value, using a simple DFT with 3 one-cycle window. !
= freely downloadable spreadsheet that helps
o] visualize what your actual CT performance is
A%&?@FS@V% ANPANFAWFA o
0 -
u/ . . .
o NSNS N\ \\/ \/ \/ \/ \ Use it to set yc?ur.slope 2 setting according to the
o maximum deviation of the Actual & Ideal RMS
007 0.000 0017 033 0.050 0.087 0.083 0.100 0417 0133 0150 Values.

At this peoint, saturation is most
severe:

Ideal CT current = 41AS
Actual CT current = 15AS

e Based on the discrepancy between Ideal CT RMS value and
Acutal RMS value in this example, we can estimate | j«/ | oc;r = 0.63
so Slope 2 could be set to 63% or higher.
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