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3 A BETTER UNDERSTANDING ON GENERATOR DECREMENT CURVE

 EQUATIONS FOR GENERATOR DECREMENT CURVE
 GENERATOR TIME CONSTANTS
 FIELD FORCING SETTING

 RELAY SENSIBILITION CHECK ON DIFFERENT VOLTAGE LEVEL 
OTHER THAN GENERATOR VOLTAGE LEVEL

 DECREMENT CURVE FOR 3-PHASE AND 1-PHASE FAULTS
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3

SHORT CIRCUIT CURRENT DECAYS WITH TIME

Short circuit current decays with time. This variation depends on two types of decrement, AC and
DC. DC decrement occurs during the first cycles of the short-circuit. AC decrement is divided in
three different time periods known as subtransient, transient and steady-state, based respectively
on the generator’s reactance X”d, X’d and Xd. At generator’s terminals this variation is quite
pronounced.
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3

GENERATOR SHORT-CIRCUIT DECREMENT CURVE

When a short-circuit occurs in an electrical system supplied
by generators, the short-circuit current presents an initial
peak and then begins to decay rapidly, since it does not have
enough inertia to sustain the initial value permanently. In
most cases the permanent short-circuit current may even be
less than the generator full load amps. This occurs when
Xd is greater than 1pu.

The short-circuit current value in this case depends on the
generator loading. Thus, the actual value of the current
depends on the loading and of the time. From no load
condition to full load condition there are families of
decrement curves.

In the next slide is present a such typical generator
decrement curve. Nowadays, most of generators have a
system that sustain the current value above the full load
current for a specified time, normally from 1.5 to 4 times
FLA for 10s, depending on the manufacturer.

GENERATOR SHORT-CIRCUIT DECREMENT CURVE
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Short-circuit current decay with time is known as
the generator decrement curve. AC component
decay of the short circuit is presented in the
equation below, as indicated in IEEE Std 242:

GENERATOR SHORT-CIRCUIT DECREMENT CURVE

𝐼௄_ி௢௥௖௘ௗ ൌ 𝐼௄
𝐼ி

𝐼ி௚
Where:
IF = Is the field current for na specified condition (pu)
IFg= Is the field current for no load condition at rated voltage (pu).
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GENERATOR DECREMENT INSTANTANEOUS CURRENT

I”K, I’K and IK are calculated as:

Where:
I”K= Subtransient Short-Circuit Current
I’K= Transient Short-Circuit Current
IK= Stead-state Short-Circuit Current
”d = Subtransient Time Constant
’d = Transient Time Constant
’g = Armature Time Constant

Where:
E”Y= E.M.F. behind saturated d axis subtransient reactance
E’Y= E.M.F. behind saturated d axis transient reactance
EY= E.M.F. behind synchronous reactance
X”d = Saturated d axis subtransient reactance
X’d = Saturated d axis transient reactance
Xd = Synchronous reactance
ZN = Generator external impedance (up to point of application of the fault)
UY = Voltage at the generator’s terminal
I = Generator loading current

GENERATOR DECREMENT CURVE EQUATIONS

3-Phase

2-Phase

1-Phase
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3
E.M.F. Calculation

For cylindric rotor machines, the E.M.F. can be
calculated based on the phasor diagram :

Based on the phasor diagram the following equations can be written:

Analogously, these other two equations can be written:

 



j X”d x I

U
E”

I
X”d x I x Sen 

X”d x I x Cos 

𝐸௒
" ൌ 𝑈 ൅ 𝑋ௗ

" ൈ 𝐼௅ ൈ sin 𝜑 ଶ ൅ 𝑋ௗ
" ൈ 𝐼௅ ൈ cos 𝜑 ଶ

𝐸௒
ᇱ ൌ 𝑈 ൅ 𝑋ௗ

ᇱ ൈ 𝐼௅ ൈ sin 𝜑 ଶ ൅ 𝑋ௗ
ᇱ ൈ 𝐼௅ ൈ cos 𝜑 ଶ

𝐸௒ ൌ 𝑈 ൅ 𝑋ௗ ൈ 𝐼௅ ൈ sin 𝜑 ଶ ൅ 𝑋ௗ ൈ 𝐼௅ ൈ cos 𝜑 ଶ

GENERATOR DECREMENT CURVE EQUATIONS
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Preferably, manufacturer data shall be used. When these data are not available time-constants can 
be calculated based on the equations:

Below, some typical data for turbo-generators:

”do ~ 50 ms and is lower than ’d, since X’d > X”d.

’do ~ (5 a 12) s – Lower values are for saliente pole machines. Higher values are normal in turbo-
generators.

”d ~ 3 a 4 semi-cycles (for short-circuit at generator terminals).
X’d ~ 1.5 X”d

For short-circuit at generator terminals ’d value decrease to 1s for turbo-generators and to 2s for 
salient pole machines.

GENERATOR TIME CONSTANTS

GENERATOR DECREMENT CURVE EQUATIONS



65

C
O

N
FI

D
EN

C
IA

L 
EN

G
EP

O
W

ER

3 
-

A
 B

E
TT

E
R

 U
N

D
E

R
ST

A
N

D
IN

G
 O

N
 G

E
N

E
R

A
TO

R
 D

E
C

R
E

M
E

N
T 

C
U

R
V

E

3

DC component of short-circuit current is calculated by the equation:

The total rms asymmetrical short-circuit current is calculated as:

The above equation is presented in the book “Short-circuit Currents in Three-phase Systems”
Written by Richard Roeper – Siemens – 1985, 167 pages.

𝑖஽஼ሺ𝑡ሻ ൌ 2 ൈ 𝐼௄
" ൈ 𝑒

ି ௧
ఛ೒

𝑖்ை்஺௅ሺ𝑅𝑀𝑆ሻ ൌ 𝑖஺஼ሺ𝑡ሻଶ ൅ 𝑖஽஼ሺ𝑡ሻଶ

𝑖்ை்஺௅ሺ𝑅𝑀𝑆ሻ ൌ 𝐼௄
" െ 𝐼௄

ᇱ ൈ 𝑒
ି ௧

ఛ೏
" ൅ 𝐼௄

ᇱ െ 𝐼௄ ൈ 𝑒
ି ௧

ఛ೏
ᇲ ൅ 𝐼௄

ଶ

൅ 2 ൈ 𝐼௄
" ൈ 𝑒

ି ௧
ఛ೒

ଶ

GENERATOR DECREMENT CURVE EQUATIONS
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EXAMPLE
Determine the generator short-circuit current decrement curve for a 3400 kVA, 380V, 0.8 PF, rated 
current 5165.7 Amps, X”d = 15.8%, X’d = 21.4%, Xd = 290%, Ra = 0.5588%, T”do = 20.3ms, 
T’do=2.122s, for a short-circuit at its terminals (Zn = 0), at no-load and full load.

Solution

Calculation of the time constants T”d, T’d e Tg of the machine.

𝐸௒
" ൌ 𝑈 ൅ 𝑋ௗ

" ൈ 𝐼 ൈ 𝑆𝑒𝑛𝜑 ଶ ൅ 𝑋ௗ
" ൈ 𝐼 ൈ 𝐶𝑜𝑠𝜑 ଶ ൌ 1 ൅ 0.158 ൈ 1 ൈ 0.6 ଶ ൅ 0.158 ൈ 1 ൈ 0.8 ଶ

𝑬𝒀
" ൌ 𝟏. 𝟐𝟏𝟒𝟔 ൌ 𝟏. 𝟏𝟎𝟐𝟏

𝜏ௗ
" ൌ

𝑋ௗ
" ൅ 𝑋ே

𝑋ௗ
ᇱ ൅ 𝑋ே

ൈ 𝜏ௗ଴
" ൌ

0.158 ൅ 0.0
0.214 ൅ 0.0 ൈ 0.0203 ൌ 0.0150 𝑠

𝜏ௗ
ᇱ ൌ

𝑋ௗ
ᇱ ൅ 𝑋ே

𝑋ௗ ൅ 𝑋ே
ൈ 𝜏ௗ଴

ᇱ ൌ
0.214 ൅ 0.0
2.90 ൅ 0.0

ൈ 2.1222 ൌ 0.01566 𝑠

𝜏௚ ൌ
𝑋ௗ

" ൅ 𝑋ே
𝜔 ൈ 𝑅௔ ൅ 𝑅ே

ൌ
0.15.8 ൅ 0.0

2𝜋 ൈ 60 ൈ 0.005588 ൅ 0.0 ൌ 0.0750 𝑠

The e.m.f E”Y, E’Y and EY can be calculated:

Generator Manufacturer Data
60Frequency (Hz)

< 50TIF
3.7Cooling Air (m3/s)
380Voltage (L-L) (Y) (V)

3400Base kVA
5165.8Base Rated Amps

15.8X"d (%)
21.4X'd (%)
290Xd (%)
29.3X"q (%)
195Xq (%)
9.4XL (%)

22.6X2 (%)
2.9Xo (%)

0.015T"d (s)
0.19T'd (s)
4.3T'do (s)

0.075Tg (s)
1/XdSC Ratio

GENERATOR DECREMENT CURVE EQUATIONS



67

C
O

N
FI

D
EN

C
IA

L 
EN

G
EP

O
W

ER

3 
-

A
 B

E
TT

E
R

 U
N

D
E

R
ST

A
N

D
IN

G
 O

N
 G

E
N

E
R

A
TO

R
 D

E
C

R
E

M
E

N
T 

C
U

R
V

E

3

EXAMPLE
Analogously,

The short-circuit currents can be determined:

𝐸௒
ᇱ ൌ 𝑈 ൅ 𝑋ௗ

ᇱ ൈ 𝐼 ൈ 𝑆𝑒𝑛𝜑 ଶ ൅ 𝑋ௗ
ᇱ ൈ 𝐼 ൈ 𝐶𝑜𝑠𝜑 ଶ ൌ 1 ൅ 0.214 ൈ 1 ൈ 0.6 ଶ ൅ 0.214 ൈ 1 ൈ 0.8 ଶ

𝑬𝒀
ᇱ ൌ 𝟏. 𝟑𝟎𝟐𝟔 ൌ 𝟏. 𝟏𝟒𝟏𝟑

𝐸௒ ൌ 𝑈 ൅ 𝑋ௗ ൈ 𝐼 ൈ 𝑆𝑒𝑛𝜑 ଶ ൅ 𝑋ௗ ൈ 𝐼 ൈ 𝐶𝑜𝑠𝜑 ଶ ൌ 1 ൅ 2.9 ൈ 1 ൈ 0.6 ଶ ൅ 2.9 ൈ 1 ൈ 0.8 ଶ

𝑬𝒀 ൌ 𝟏𝟐. 𝟖𝟗 ൌ 𝟑. 𝟓𝟗𝟎𝟑

𝐼௄
" ൌ

𝐸௒
"

𝑋ௗ
" ൅ 𝑍ே

ൌ
1.1021

0.158 ൅ 0.0 ൌ 6.9751 𝑝𝑢 𝐼௄
" ൌ 6.9751 ൈ 5165.7 ൌ 36032 𝐴

𝐼௄
ᇱ ൌ

𝐸௒
ᇱ

𝑋ௗ
ᇱ ൅ 𝑍ே

ൌ
1.1413

0.214 ൅ 0.0
ൌ 5.3332 𝑝𝑢 𝐼௄

ᇱ ൌ 5.3332 ൈ 5165.7 ൌ 27050 𝐴

𝐼௄ ൌ
𝐸௒

𝑋ௗ ൅ 𝑍ே
ൌ

3.5903
2.9 ൅ 0.0 ൌ 1.238 𝑝𝑢 𝐼௄ ൌ 1.238 ൈ 5165.7 ൌ 6395.3 𝐴

Applying the calculated values into the equation below, a table just like the one presented in the next 
slide can be assembled:

𝑖்ை்஺௅ሺ𝑅𝑀𝑆ሻ ൌ 𝐼௄
" െ 𝐼௄

ᇱ ൈ 𝑒
ି ௧

ఛ೏
" ൅ 𝐼௄

ᇱ െ 𝐼௄ ൈ 𝑒
ି ௧

ఛ೏
ᇲ ൅ 𝐼௄

ଶ

൅ 2 𝐼௄
" ൈ 𝑒

ି ௧
ఛ೒

ଶ

GENERATOR DECREMENT CURVE EQUATIONS
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3

Simulating the generator data based
on showed equations in a
spreadsheet you can table and plot it
for full load condition.

0.01

0.1

1

10

100

1000

10 100 1000 10000 100000

Ti
m

e 
(s

)

380V - Current [Amps] x 1

Note: Time in seconds and currents in Amps.

GENERATOR DECREMENT CURVE EQUATIONS
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For the no load condition E”Y = E’Y = EY = 1
The short circuit currents will be determined as:

Simulating these values, the spreadsheet below
can be plot it.

0.01

0.1

1

10

100

1000

10 100 1000 10000 100000

Ti
m

e 
(s

)

380V - Current [Amps] x 1

𝐼௄
" ൌ 6.3291 ൈ 5165.7 ൌ 32695 𝐴

𝐼௄
ᇱ ൌ 4.6729 ൈ 5165.7 ൌ 24139 𝐴

𝐼௄ ൌ 0.3448 ൈ 5165.7 ൌ 1781.3 𝐴

Note: Time in seconds and currents in Amps.

GENERATOR DECREMENT CURVE EQUATIONS
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Using now EasyPower, the values match
with the spreadsheet.Without field forcing at
no load, the generator decrement current
would have the curve decay showed in the
Figure. As can be seen, the steady-state sc
current (sustained current) is below the
generator rated current:
(1781 A < 5165 A!)

𝐸௒ ൌ 𝑈 ൅ 𝑋ௗ ൈ 𝐼 ൈ 𝑆𝑒𝑛𝜑 ଶ ൅ 𝑋ௗ ൈ 𝐼 ൈ 𝐶𝑜𝑠𝜑 ଶ ൌ

𝑬𝒀 ൌ 𝟏𝟐. 𝟖𝟗 ൌ 𝟑. 𝟓𝟗

𝐸௒ ൌ 1 ൅ 2.9 ൈ 1 ൈ 0.6 ଶ ൅ 2.9 ൈ 1 ൈ 0.8 ଶ

𝐼௄ ൌ
𝐸௒
𝑋ௗ

ൌ
3.59
2.9

ൌ 1.238 𝑝𝑢

𝐼௄ ൌ 𝐼௄_௙௢௥_ி௅஺ ൌ 1.238 ൈ 5165.7 ൌ 6395 𝐴

The steady-state current reaches just 23.8%
over the full load (6395 / 5165 * 100).

𝐸௒ ൌ 𝑈 ൅ 𝑋ௗ ൈ 𝐼 ൈ 𝑆𝑒𝑛𝜑 ଶ ൅ 𝑋ௗ ൈ 𝐼 ൈ 𝐶𝑜𝑠𝜑 ଶ ൌ

I = 0.0 pu (No Load) I = 1.0 pu (Full Load)

We have families of 
curves in between this 
two values. It depends 
on the generator 
loading.

Protection shall trip 
correctly independently 
of the loading.

GENERATOR DECREMENT CURVE EQUATIONS
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As seen before the steady-state short circuit current of a generator
depends on generator load and this current may be lower than its rated
current. Nowadays, generator can be supplied with a field forcing current
(sustained SC current) to keep the current over the rated current for a
specified time, normally 10s for 3-ph SC.

kVA = 3400
kVrated = 0.38
Irated = 5165 A

19372 Amps

FLA = 5165 Amps

Minimum 
SC Value 
11000 Amps 
at 0.4 sec.

FIELD FORCING SETTING
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3

Setting up the Field Forcing Parameter for
minimum current

The minimum SC current is 11000 Amps.
Field_Forcing for the rated current is 3.59

𝐹𝑖𝑒𝑙𝑑_𝐹𝑜𝑟𝑐𝑖𝑛𝑔_𝐴𝑑𝑗𝑢𝑠𝑡 ൌ
𝐼஽௘௦௜௥௘ௗ

𝐼௄೑೚ೝ_ி௅஺
ൌ

11000
6395 ൌ 1.72 11000 Amps

𝑁𝑒𝑤_𝐹𝑖𝑒𝑙𝑑_𝐹𝑜𝑟𝑐𝑖𝑛𝑔 ൌ 3.59 ൈ 1.72 ൌ 6.175

FIELD FORCING SETTING
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Setting up for the manufacturer sustained
current of 19372 Amps.

Field_Forcing for the rated current is 3.59

𝐹𝑖𝑒𝑙𝑑ி௢௥௖௜௡௚ಲ೏ೕೠೞ೟ ൌ 3.59 1 𝑝𝑢 ∗ 19372/6395 ൌ
19372 Amps

𝑁𝑒𝑤_𝐹𝑖𝑒𝑙𝑑_𝐹𝑜𝑟𝑐𝑖𝑛𝑔 ൌ 10.87

𝐹𝑖𝑒𝑙𝑑ி௢௥௖௜௡௚ಲ೏ೕೠೞ೟ ൌ 3.59 1 𝑝𝑢 ∗ 3.02 ൌ

FIELD FORCING SETTING



74

C
O

N
FI

D
EN

C
IA

L 
EN

G
EP

O
W

ER

3 
-

A
 B

E
TT

E
R

 U
N

D
E

R
ST

A
N

D
IN

G
 O

N
 G

E
N

E
R

A
TO

R
 D

E
C

R
E

M
E

N
T 

C
U

R
V

E

3 DECREMENT CURVE FOR OTHER VOLTAGE LEVELS

Point A

Point B
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Let us apply a fault at 220 V level. First of all, we must set the impedances of the transformer on the
generator base.

𝑍%்ோ_஻_ீா ൌ 𝑍%்ோ ·
𝑀𝑉𝐴ீ௘௥௔ௗ௢௥

𝑀𝑉𝐴்௥௔௡௦௙௢௥௠௔ௗ௢௥

X/R_TR_0.3 MVA = 3.68288
Angle = Arctg(3.68288) = 74.81º
ZTR_B_Ger = 45.33 ⦟ 74.81˚
ZTR_B_Ger = 11.879091 +j 43.749266
RN = 11.879091% XN = 43.749266

This impedance shall be added to the
generator’s impedance, as follow:

X”d(%) = 15.8
X”d_New = 15.8+43.749266 = 59.549266
X’d (%) = 21.4
X’d _New = 18+43.749266 = 65.149266
Xd (%) = 290
Xd _New = 290+43.749266 = 333.749266

𝑍%்ோ_஻_ீா ൌ 4 ·
3.4
0.3 ൌ 4 · 11.33 ൌ 45.33

The new time constants change to:

RN = 11.879091% XN = 43.749266

𝜏ௗ
" ൌ

𝑋ௗ
" ൅ 𝑋ே

𝑋ௗ
ᇱ ൅ 𝑋ே

· 𝜏ௗ଴
" ൌ

15.8 ൅ 43.749266
21.4 ൅ 43.749266 · 0.02032 ൌ

59.549266
65.149266 · 0.02032

𝜏ௗ
ᇱ ൌ

𝑋ௗ
ᇱ ൅ 𝑋ே

𝑋ௗ ൅ 𝑋ே
· 𝜏ௗ଴

ᇱ ൌ
21.4 ൅ 43.749266
290 ൅ 43.749266 · 2.12196 ൌ

65.149266
333.749266 · 2.12196

𝜏௚ ൌ
𝑋ௗ

" ൅ 𝑋ே
𝜔 · 𝑅௔ ൅ 𝑅ே

ൌ
15.8 ൅ 43.749266

377 · 0.55881 ൅ 11.879091 ൌ
59.549266
4688.978 ൌ 0.0127𝑠

𝜏ௗ
" ൌ 0.018573𝑠

𝜏ௗ
ᇱ ൌ 0.4142𝑠

We have to duplicate the
generator element and
change these new calculated
values replacing the old
ones.

DECREMENT CURVE FOR OTHER VOLTAGE LEVELS
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Correcting the impedances and time
constants the new TCC is presented in the
Figure.

With field forcing 
the protective 
devices will “see” 
the short circuit 
current.

DECREMENT CURVE FOR OTHER VOLTAGE LEVELS
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EXAMPLE

Generator Decrement
Curve for a 3-Phase

Short Circuit 
at Full Load

at Full Load

Generator Decrement
Curve for a 3-Phase

Short Circuit 

at No Load

Generator Decrement 
Curve for a 1-Phase

Short Circuit 
at Full Load

at No Load
May be one the
reasons for no plotting
1-ph decrement curve
is because it is greater
than the 3-phase.

DECREMENT CURVE FOR DIFFERENT TYPES OF FAULTS
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4 CHAPTER 4 - SUMMARY

4 - OVERCURRENT COORDINATION

 SHORT CIRCUIT CURRENTS CONTRIBUTIONS AT TCC FOR DIFFERENT SOURCES
 WHAT CURRENTS SHALL BE USED FOR COORDINATION
 WHERE TO APPLY THE COORDINATION TIME INTERVAL
 THE IMPORTANCE OF CONSIDERING THE 3-PHASE AND AND 1-PHASE ARCING 

CURRENT WHEN PERFORMING COORDINATION STUDIES
 OVERCURRENT COORDINATION BETWEEN TWO SERIES IEDS
 PERFORMING OVERCURRENT COORDINATION AND ARC FLASH STUDIES JUST IN TIME
 LOGICAL COORDINATION
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This slide was created to show the behavior for different sources short-circuit contributions.

Utility

Generator

Capacitor
Bank

Harmonic
Filter

Induction
Motor

Wind Generator
DFIG

SHORT CIRCUIT CURRENTS CONTRIBUTIONS AT TCC FOR DIFFERENT SOURCES
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WHAT CURRENTS SHALL BE USED FOR OVERCURRENT COORDINATION ?

The best reply to this question is: Is the current that each protective device “sees”.
All possibilities shall be checked.

Types of current:
 3-phase bolted short circuit current (for phase coordination)
 3-phase arcing fault (for phase coordination)
 Single line-to-ground bolted short circuit current (for ground coordination)
 Capacitive (snubbers) and Charging Current (for ground coordination)
 Single line-to-ground arcing fault (for ground coordination)

Delayed or Instantaneous Current
 Instantaneous elements “sees” Asymmetrical Momentary Current
 Delayed devices “sees” Asymmetrical or Symmetrical Current, depending on delay. Over 150 ms

normally 30 cycles short-circuit current can be used instead.

Another important point is that differently from the case of equipment evaluation where we use the
maximum short circuit current for protection coordination, we have to use the actual value of the
short circuit current, otherwise, when a fault takes place, the actual value will be lower than the
considered value and clearing time will be higher impacting and bigger damage and greater MTTR.
For this reason, sometimes different scenarios and setting groups may be required.

WHAT CURRENTS SHALL BE USED FOR OVERCURRENT COORDINATION ?
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(a) Protective Devices in Series
Consider the oneline Diagram below. You received the TCC showed below and have to coordinate 
relay 3 with the downstream relay. The question is what relay shall you coordinate with 1 or 2?

Solution:
For the analysis, one shall look at the TCC, but also at the point of faults.

CONCEPT OF HIGHER OUTGOING FEEDER SETTING - PROT DEVICES IN SERIES

t

Icc
I [A]

t1

t [s]

51

51

51

3

2

1

1

2

t2

Ipk
Point	A

Point	B

Icc

Icc
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If the point of fault is A:
By the t x I curves (TCC), a fault applied at point A, relay 2 trips first.

If the point of fault is B:
By the t x I curves, a fault Applied at point B, Only the relay 2 “sees” and trips.

Conclusion:
Relay 3 must coordinate with relay 2. Even if there is a setting error in relay 1, for faults at any
point, relay 2 always trips first. It is obvious that the setting error was made on purpose. If relay 1
was set below 2, for a fault at point A, relay 1 would trip first. For a fault at point B, relay 2 would
trip, so relay 3, just as in the wrong case, must be selective with relay 2.

Moral of the Story:
When two protective devices are in series, coordination must be done with the one immediately
downstream, regardless of the settings.

CONCEPT OF HIGHER OUTGOING FEEDER SETTING - PROT DEVICES IN SERIES
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(b) Main Protective Device x Parallel Protective Devices in the Outgoing Feeders

Rule:
The main protective device shall
shall coordinate with the
downstream protective devices
formed by the association of each
outgoing feeder.

51 4

A

Icc 51 1

52

52

MF 2

52

Fu 3

B C

1

23

I

t
ENVELOPE	OF	
THE	HIGHEREST	

DEVICES

t

I

CONCEPT OF HIGHER OUTGOING FEEDER SETTING - PROT DEVICES IN PARALLEL
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WHERE TO APPLY THE COORDINATION TIME INTERVAL ?

(a) RULE
The coordination time interval shall be applied to the value of the bolted short-circuit current seen by
the analyzed device, that is, three-phase short (transient/30 cycles) for phase coordination, and
single line-to-ground short-circuit for ground coordination.

WHERE TO APPLY THE COORDINATION TIME INTERVAL ?

t

ISG
I [A]

t1

t [s]
51 2

2

1
t2

Ipk

1

52

MF

52

B

CTI
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(b) SPECIAL CONDITIONS

(b1) Two Incoming Feeders + One Outgoing Feeder
Coordination time interval shall be applied at the short-circuit value seen by each protective device.

Note: If you want to set the same setting for the two upstream devices, you must coordinate with 
the one that “sees” the greater short current.

t

Icc
I [A]

t2

t [s]
51 2

2

1

t1
1

52

51

52

Point	of Short	
Circuit

51 3

52

Icc =	I1 +	I2

I1 I2
3

I1 I2

WHERE TO APPLY THE COORDINATION TIME INTERVAL ?

CTI
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(b) SPECIAL CONDITIONS

(b1) Two Incoming Feeders + One Outgoing Feeder
Coordination time interval shall be applied at the short-circuit value seen by each protective device.

2000 A

1200 A 800 A

Ipk =100A Ipk =100A

Ipk =100A
tcc =0.20s

Relé 1 - Curve – IEC VI

𝑡 ൌ
13.5

𝑀 െ 1 ⋅ 𝐷𝑇 ⇒ 𝐷𝑇 ൌ 𝑡 ⋅
ሺ𝑀 െ 1ሻ

13.5
𝑀 ൌ

𝐼𝑐𝑐
𝐼𝑝𝑘 ൌ

2000
100 ൌ 20

𝐷𝑇 ൌ 0.2 ⋅ ሺଶ଴ିଵሻ
ଵଷ.ହ

ൌ 0.28

Relé 2 - Curve – IEC - VI

𝑡 ൌ
13.5

𝑀 െ 1 ⋅ 𝐷𝑇 ⇒ 𝐷𝑇 ൌ 𝑡 ⋅
ሺ𝑀 െ 1ሻ

13.5
𝑀 ൌ

𝐼𝑐𝑐
𝐼𝑝𝑘 ൌ

1200
100 ൌ 12

𝐷𝑇 ൌ 0.40 ⋅
ሺ12 െ 1ሻ

13.5 ൌ 0.33

Relé 3 - Curve – IEC VI

𝑡 ൌ
13.5

𝑀 െ 1 ⋅ 𝐷𝑇 ⇒ 𝐷𝑇 ൌ 𝑡 ⋅
ሺ𝑀 െ 1ሻ

13.5
𝑀 ൌ

𝐼𝑐𝑐
𝐼𝑝𝑘 ൌ

800
100 ൌ 8

𝐷𝑇 ൌ 0.40 ⋅
ሺ8 െ 1ሻ

13.5 ൌ 0.21

51 2

1

52

51

52

Point	of Short‐
Circuit

51 3

52

Isc =	Isc1 +	Isc2

Isc1 Isc2

WHERE TO APPLY THE COORDINATION TIME INTERVAL ?
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WHERE TO APPLY THE COORDINATION TIME INTERVAL ?
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(b2) Line-to-Line Short-Circuit at Secondary Side of Delta-Wye Transformer

Coordination Time Interval
shall be Applied between
the short-circuit value
Isc2 (of the secondary
protective device) and the
3-phase short-circuit value
Isc3 (seen by the primary
side protective device).

t

I [A]

t [s]

2 2

1

t1
1

𝟐/ 𝟑 ൌ 𝟎. 𝟓𝟖

𝑰𝟐𝒑𝒉ି𝑺𝑪 ൌ 𝟏𝒑𝒖

52

52

XFormer

=	I´2ph‐SC 51

51

50

A

B

A

B

C

C

I3ph‐SC

𝑰𝟐𝒑𝒉ି𝑺𝑪 ൌ 𝟏𝒑𝒖

WHERE TO APPLY THE COORDINATION TIME INTERVAL ?

𝑰𝟐𝒑𝒉ି𝑺𝑪 ൌ 𝟏𝒑𝒖

𝑰𝟐𝒑𝒉ି𝑺𝑪

𝑰𝟐𝒑𝒉ି𝑺𝑪 𝑰𝟐𝒑𝒉ି𝑺𝑪 𝑰𝟑𝒑𝒉ି𝑺𝑪

𝐼ଶ௣௛ିௌ஼ ൌ
3

2 ൈ 𝐼ଷ௣௛ିௌ஼

𝐼ଶ௣௛ିு௏ି௦௜ௗ௘ ൌ
2
3

ൈ 𝐼ଶ௣௛ିௌ஼

𝐼ଶ௣௛ିு௏ି௦௜ௗ௘ ൌ
2
3

ൈ
3

2 ൈ 𝐼ଷ௣௛ିௌ஼

𝐼ଶ௣௛ିு௏ି௦௜ௗ௘ ൌ 𝐼ଷ௣௛ିௌ஼
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COORDINATION TIME INTERVAL

Coordination time interval is the time interval between two series protective devices that guarantees
the one closest to the fault will operate first and the immediately upstream protective device will not
operate, unless the closest one fails.

Before manufacturing of relay calibration set the CTI was 400 ms. With the advent of relay
calibration set the new CTI changed to 300 ms as showed below, which guaranteed the relay
operating time, the coordination time interval value could be lowered, as follows:

Coordination Between Two Series Overcurrent Relays
Breaker Interrupting Time (8 cycles) ................................... 133 ms ................ 83 ms
Manufacturer Tolerance / Error/ Overtravel......................... 100 ms ................ 50 ms
Safety Margin Factor.......................................................... 67 ms ................ 67 ms
Coordination Time Interval 300 ms ................ 200 ms

When the static relays appeared, Overtravel was replaced by Overshoot and this time was reduced
to 50 ms. Since 8-cycle circuit breakers are no longer used, a Coordination Interval of 200 ms can
be obtained. If definite time elements are used CTI can be reduced up to 150 ms.

COORDINATION TIME INTERVAL (CTI)

In the Old Days In the Present Days
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According to Tables `15-2 and 15-3 fo the IEEE Std 242 the following CTI can be used:

IMPORTANT:
Remember that relays in the main shall be set to a maximum time of 1 second, trying not to
exceed this value, bearing in mind that all equipment is specified to withstand the short-circuit
current for 1 second. That 1 second only protects equipment but does not provide personnel
protection.

COORDINATION TIME INTERVAL (CTI)
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EngePower, my company uses the following CTI based on my 42 years of experience:

IMPORTANT:
Remember that relays in the main shall be set to a maximum time of 1 second, trying not to
exceed this value, bearing in mind that all equipment is specified to withstand the short-circuit
current for 1 second. That 1 second only protects equipment but does not provide personnel
protection.

COORDINATION TIME INTERVAL
Downstream DeviceUpstream Device

FuseLV BreakerElectromechanical Relay/ Static
Digital Relay/IED

Note 5

0.20 s0.15 s0.30 s0.20 sDigital Relay/IED – Note 5

0.20 s0.20 s0.30 s0.30 sElectromechanical Relay/ Static

Note 2Note 10.20 s0.15 sLV Breaker

Note 4Note 30.20 s0.20 sFuse

Notes:
1 – It is enough the bottom of the curve of the upstream breaker is above the downstream.
2 – It is enough the bottom of the breaker curve is above the max melting time curve.
3 - It is enough for the minimum melting time curve to be above the upper part of the circuit breaker curve.
4 - The I2t of the downstream fuse must be lower than that of the upstream fuse.
5 – When coordination is done involving directional elements, 80 ms must be added (element 67 takes more time

to calculate the angle).

COORDINATION TIME INTERVAL (CTI)
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CTI FOR LOGICAL COORDINATION

Between Devices that comunicate themselves:
Non-Directional Overcurrent Elements - 0.050 to 0.080 s
Directional Overcurrent Elements         - 0.100 to 0.120 s (Note 1)

Note 1 = Directional Elements take more time to check directionality. Each IED of different
manufacturer takes one time to perform this, and then, the ideal is to test this time on the bench, to
have the correct time for each relay.
Typical time supplied by the manufacturer for the 67N element shall consider:

 Start time of the 67N element (reaction time 
 Time for GOOSE transmission
 Possible delay due task of receiver IED
 Retardation time 67N element of the receiver IED
 Error Margin considering saturation

Note 2 – Locations where there are generators must be checked that the logic coordination time 
does not impact the limit of stability of the machines.

Between Devices that do not comunicate themselves in the logical coordination = tdd + tc
Where : tdd - Time of the downstream device

tc – Coordination Time (0.050s ou 0.100s – Vide Note 1)

COORDINATION TIME INTERVAL (CTI) FOR LOGICAL COORDINATION
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(b3) Digital relay with two elements: one inverse time and other with delayed definite time.
When setting one inverse time element with another delayed  definite time element in the same 
device, do not forget that the functions operate independently.

Current

Ti
m

e

Downstream 
Relay

Upstream Relay

Inverse Time Element

Definite Time Element

ISC

Miscoordination

CTI

RELÉ DIGITAL COM VÁRIOS ELEMENTOS UTILIZADOS
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(g) Line-to-Ground Arcing Current Estimation

Dunki-Jacobs did a fantastic job when he obtained the factor of 0.38 to estimate the line-to-ground
arcing fault current value for protection purposes at 480V.

IArc_Line-to-Ground = Factor (0.38) x Ibf Where: Ibf = Bolted Fault Current

As there are no published literature on the subject in the IEEE, the arc current value can be
estimated using the IEEE 1584-2018 equations, replacing the voltage and the distance between
phases by the phase-to-ground. Let's see what the standard says in the item 4.11 on page 34:

SINGLE LINE-TO-GROUND ARCING FAULT CURRENT
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ESTIMATING THE SINGLE LINE-TO-GROUND ARCING FAULT CURRENT
Based on the assumption showed in the previous slide, the table containing the multiplying factors 
to be applied in bolted line-to-ground faults to obtain the single line-to-ground arcing current are 
presented below for a gap of 32 mm. This development was done the instructor of this webinar.

Vide Planilha

Thus, currently, for protection purposes, the yellow highlighted factors 
represent the minimum value, and they can be used as a good practice:
(a) for 220 V, the factor of 0.13,    (b)  for 380 V, the factor of 0.20,
(c) for 480 V, the factor of 0.30     and for 690 V, the factor of 0.49.

GAP = 32
VCBBVCBHCBZ%kVAkVn
0.28180.23260.21165500

0.22

0.25780.20890.19475.5750
0.22600.18270.17355.751000
0.16940.13840.133761500
0.38330.32300.313062000

62500
63000

0.16940.13840.1337Mínimo
0.44070.39480.35385500

0.38

0.45310.39150.35535.5750
0.44560.37720.34685.751000
0.40470.33470.315461500
0.34660.28490.273362000
0.29350.24160.233762500
0.25110.20760.201063000
0.25110.20760.2010Mínimo

GAP = 32
VCBBVCBHCBZ%kVAkVn

0.52100.47200.42735500

0.48

0.53120.47400.43075.5750
0.53350.46810.42875.751000
0.51570.44000.410561500
0.47410.39750.377462000
0.42350.35240.338662500
0.31120.37500.301163000
0.31120.35240.3011Mínimo
0.63150.58690.54335500

0.69

0.64220.59490.54955.5750
0.65010.59800.55315.751000
0.65510.59210.551861500
0.64510.57250.539162000
0.62270.54430.517562500
0.59200.51150.490363000
0.59200.51150.4903Mínimo

SINGLE LINE-TO-GROUND ARCING FAULT CURRENT
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ESTIMATING THE SINGLE LINE-TO-GROUND ARCING FAULT CURRENT
Based on the assumption showed in the previous slide, the table containing the multiplying factors to 
be applied in bolted line-to-ground faults to obtain the single line-to-ground arcing current are 
presented below for a gap of 25 mm. This development was done the instructor of this webinar.

Vide Planilha

GAP = 25
VCBBVCBHCBZ%kVAkVn

0.53660.49330.45115500

0.48

0.54740.49220.45485.5750
0.54990.48900.45265.751000
0.53090.45830.432461500
0.48630.41210.395562000
0.43360.36430.353862500
0.38300.32090.313563000

0.3135Mínimo
0.64470.60640.56645500

0.69

0.65580.61490.57305.5750
0.66400.61810.57695.751000
0.66920.61190.575561500
0.65890.59110.561862000
0.63550.56140.538862500
0.60380.52690.509863000

0.5098Mínimo

GAP = 25
VCBBVCBHCBZ%kVAkVn
0.29420.24570.22625500

0.22

0.26770.21910.20695.5750
0.23330.19040.18305.751000
0.17340.14300.139561500
0.13260.11100.107862000

62500
63000

0.1098Mínimo
0.46480.41730.37885500

0.38

0.46950.41130.37735.5750
0.46130.39540.36785.751000
0.41730.34880.332661500
0.35570.29520.286362000
0.30000.24920.243562500
0.25600.21350.208763000

0.2087Mínimo

Factor I_Arc_SLGVoltage
0.11220 V
0.20380 V
0.30480 V
0.49690 V

Summary IArc-SLG
Thus, currently, for protection purposes, the yellow highlighted factors 
represent the minimum value, and they can be used as a good practice:
(a) for 220 V, the factor of 0.11,    (b)  for 380 V, the factor of 0.20,
(c) for 480 V, the factor of 0.31     and for 690 V, the factor of 0.50.

SINGLE LINE-TO-GROUND ARCING FAULT CURRENT
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The objective of knowing this factor is to allow a setting of second definite-time element to be 
enabled, however, set to a pickup value below the single line-to-ground arcing fault current, in order 
to provide a fault clearing time equal to the same time of a 3-phase bolted fault current.

I S
C

_3
PH

 o
u 

1P
H

I [A]

IArc_SLGt [s]

I A
rc

_S
LG

2nd
el

em
en

tP
ic

ku
p

Trip time without 
the 2nd definite 
time element.

Trip time with the 
2nd definite time 
element.

Second element with definite-
time with pickup setting below
single line-to-ground arcing
fault current, and same timing
as the inverse-time element
for the 3-phase bolted fault.

Inverse Time Element

SINGLE LINE-TO-GROUND ARCING FAULT CURRENT
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Consider you have a system with the oneline diagram and its correspondent TCC showed below:

O/C COORDINATION JUST IN TIME OF AF STUDY
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Consider you have a system with the oneline diagram and its correspondent TCC showed below:

O/C COORDINATION JUST IN TIME OF AF STUDY
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Consider you have a system with the oneline diagram and its correspondent TCC showed below:

O/C COORDINATION JUST IN TIME OF AF STUDY



101

C
O

N
FI

D
EN

C
IA

L 
EN

G
EP

O
W

ER

4 
–

O
V

E
R

C
U

R
R

E
N

T 
C

O
O

R
D

IN
A

TI
O

N

4

LOGICAL COORDINATION

LOGICAL COORDINATION

In this topic will be discussed :

a) Principle of logical coordination
b) What are the advantages of using it?
c) Applicability of Logic Coordination for Phase and Ground Protection
d) Applicability regarding the voltage level
e) Determining the pick-up of the IEDs involved in the Logic Coordination
f) Restraining signals addressing
g) TCC plot showing Conventional Coordination and Logical Coordination
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a) PRINCIPLE OF LOGICAL COORDINATION

Logic Coordination is applied through digital relays that allow the
units located closest to the fault to clear the fault in a very short
time, normally between 50 and 120 ms. Protection devices must
be able to discretize the pick-up from the time, in addition to
have breaker failure feature. The presented figure illustrates the
philosophy.

In some cases, it is not possible to use time delays between 50 to
100 ms, since there may be fuses downstream and therefore,
they must be allowed to operate before, and the total time for
extinguishing the arc may reach 200 ms, therefore, when this
occurs, the delay setting of the overcurrent element shall be
between 200 and 250 ms. In this case, the timing (t>>) of the
upstream relays will be 100 ms.

CBF timing is normally in the range 100 ~200ms. See examples.

LOGICAL COORDINATION

52

I>> t>> CBF

52

2

I>> t>> CBF

52

1

POINT A

RESTRAINING 
SIGNAL TO 
UPSTREAM IED

RESTRAINING 
SIGNAL TO 
UPSTREAM IED

68

68

POINT B

I C
C

IED1

IED2

POINT C
t>>

trip
68jus &

Logical Block for each IED

t>>
trip

68jus &

Logical Block for each IED

I>> t>> CBF

3
68IED3

RESTRAINING SIGNAL TO UPSTREAM IED

LEGEND

TRIP
RESTRAINING
BREAK FAILURE
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b) What are the advantages of using it?

The main advantages of logical coordination are:

 Decrease the time of conventional coordination
 Decrease the value of incident energy
 Ensure that just the protective device closest to the fault trips
 Have the second-level elements as a backup when the first-level

elements fail
 Having conventional coordination as a backup of logical coordination
 The short circuit immediately below each IED will always clear the fault

within the time defined in the logic coordination (normally < 100 ms)
 In systems with generators, the use of logic coordination reduces the

protection clearing time during short-circuit and consequently improves
the recovery of the stability of the synchronous machines in the system.

LOGICAL COORDINATION



104

C
O

N
FI

D
EN

C
IA

L 
EN

G
EP

O
W

ER

4 
–

O
V

E
R

C
U

R
R

E
N

T 
C

O
O

R
D

IN
A

TI
O

N

4

c) Applicability of Logic Coordination for Phase and Ground Protection

Logic coordination can be applied for both phase and ground elements.

Ground logic coordination is not performed in locations where the system is
grounded by high resistance grounding (HRG). The reason is that, as the
value of the fault current is very low, it is not necessary to trip the first ground
fault and thus, the loads continue to be supplied.

LOGICAL COORDINATION
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d) Applicability regarding the voltage level

The logic coordination shall be done for each voltage level, never from one
level to the other.

The reason is that the transformer impedance will impose a lower current
value on the secondary side and thus, it is possible to discretize when a
short-circuit value is at one voltage level and another. Incidentally, this is one
of the criteria for determining the pick-up of overcurrent elements involved in
logic coordination..

LOGICAL COORDINATION



106

C
O

N
FI

D
EN

C
IA

L 
EN

G
EP

O
W

ER

4 
–

O
V

E
R

C
U

R
R

E
N

T 
C

O
O

R
D

IN
A

TI
O

N

4

e) Determining the pick-up of the IEDs involved in the Logic Coordination

The determination of the pick-up of the IEDs involved in the Logical
Coordination shall consider at least the following criteria:

Phase Elements
e1) The pick-up of the phase elements must be greater than the maximum

asymmetrical secondary short-circuit current, but with as many sources
as possible.

e2) The pick-up of the phase elements must be greater than the transformer
inrush current.

e3) The pick-up of the phase elements must be greater than the power panel
load current plus the largest motor starting.

e4) The pick-up of the phase elements must be greater than the contribution
current of the motors.

LOGICAL COORDINATION
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e) Determining the pick-up of the IEDs involved in the Logic Coordination

The determination of the pick-up of the IEDs involved in the Logical
Coordination shall consider at least the following criteria:

Ground Elements
e1) The pick-up of the ground elements must be greater than the maximum

asymmetrical secondary short-circuit current when the connection
allows zero sequence passing (YY grounded on both sides), but with as
many sources as possible.

e2) The pick-up of the ground elements must be greater than CTs errors for
the transformer inrush current.

e3) The pick-up of the ground elements shall be greater than the motors
short-circuit current contribution.

LOGICAL COORDINATION
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f) Restraining Signal Addressing

The restraining signals addressing can be done directly on the single-line
diagram and/or in tabular form (table). See the examples.

Column 1: Identification
of the relay / cubicle that
sends the restraining
signal;

Column 2: Protection
function that sends the
restraining signal;

Column 3: Identification
of the relay/cubicle that
receives the restraining
signal;

Column 4: Logic input
/Protection function that
receives restraining
signal;

LOGICAL COORDINATION

CUBICLES

37400-A-01A SWGR – 34.5 kV

SENT SIGNAL SEND SIGNAL TO (Signal Receiving) SEND RECEIVED (In the Logical Input)IED Ident (Signal Sending)
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f) Restraining Signal Addressing

The restraining signals addressing
can be done directly on the single-
line diagram and/or in tabular form
(table). See the examples.

52

I>> t>> CBF

52

2

I>> t>> CBF

52

1

PONTO A

BLOQUEIO DO 
RELÉ A 
MONTANTE

BLOQUEIO DO 
RELÉ A 

MONTANTE

68

68

PONTO B

I C
C

IED1

IED2

PONTO C
t>>

trip
68jus &

Bloco Lógico de Cada IED

t>>
trip

68jus &

Bloco Lógico de Cada IED

Single Line-Diagram Addressing

I>> t>> CBF

3
68IED3

BLOQUEIO DO RELÉ A MONTANTE

LEGENDA

TRIP
BLOQUEIO
BREAK FAILURE

LOGICAL COORDINATION
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f) Restraining Signal Addressing

LOGICAL COORDINATION

Single Line-Diagram Addressing
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g) TCC plot showing Conventional Coordination and Logical Coordination

LOGICAL COORDINATION
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THE END OF
PART TWO!

QUESTIONS ?
THANK YOU VERY MUCH!

claudio.mardegan@engepower.com
+55 11 99235-8551

Brazil


