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The reason for this paper

* Industrial facllities are installing bus
protection to reduce arc flash hazards

 Requires careful design of bus
protection
— CT performance for phase fault protection
— Sensitivity for ground fault protection
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Impedance grounding

 Reduces equipment damage, maintains
process uptime

* Low-impedance grounding
— Limits ground fault current to 200A to 500A
— Good sensitivity to ground faults

* High-impedance grounding
— Limits ground fault to 2A to 5A
— Some sensitivity to ground faults
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Arc flash risk

Required Minimum Arc Rating

Hazard / Risk Category of PPE
Cal/cm,
0 IN/A
1 4
2 g
3 25
4 40
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Arc flash incident energy

ﬁ Arcing time

)
L 0.2,

MNormalized Incident energy based on
short-circuit current [evel

E=C.E,
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Example system

Texa:

138 - 13.8/4.16 kV (HV-HX-HY)

H: 40 MVA (138/79.67 kV)

X: 25 MVA (13.8/7.967 kV)

Y: 15 MVA (4.16/2.4 kV)

Z on 25 MVA Base 9% (H-X), 15% (H-Y),
23% (X-Y)

H Winding

Y Winding

10.1 pu
0.115 pu

ILoad

IMax Load 1'0

BOL opinl
sec

713P = 35000A‘

from 3y from
feeders feeders
4000:5 4000:5(]

-------------- C200 €200 (] pm————
/13P=30.000A™, ;
\_PG=400A / 5

------------- 13.8 kV 4.16 kV
o L) L)
1200:5 ( 1200:5 ({ 1200:5 (| [) 400:5 [) 400:5 [) 400:5
CZOO 1 CZOO 1 C200 1 ) C100 ) C100 ) C100




Phase currents for ground

fatt
/,=065/—-35° pu
[,=0.60/-145° pu
[.=059/-93° pu



Bus protection requirements

YWinding

as likely to be

C50 or C20

Must be secure/
selective for
10.1 pu fault

20005 (]
52 Must operate for
; this fault, even
40005 at 0.115pu \
C200
[ )
416 kv X
(J (J (J (J 1
4005 4005 4005 4005 i 400:5
C100 C100 C100 C100 _g C100
3Y 3Y 3Y 3Y 3Y
52 52 52 52 52
v \ 4 v v A 4 v v
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CT saturation

230
200

150 +
100 +
al 1
1]
0] N\
-100 +
Current measured by relay for

150
0m7 0,000 0017 0033 0.050 saturated CT 0150

Current measured by relay for
ideal CT

* Relay sees reduced current

e Canresult in loss of security or
selectivity

Bus protection performance is all about the
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CT Sizing

Vi > 2x [gp o} Zs

—2rt
1+e /%?x/

But C37.110 says...

Vi, > [opox £ (1+ %/,g



CT performance

/- Z.
20> ——— _— <L+ ¥
CTprimary rating standard burden
CT Primary CT Accuracy Standard el ur_lit Maximlrlm
. . saturation saturation
Rating Resistance Class Burden
voltage free current

400 0.129 Q C100 10 384 0.53 pu
450 0.145 Q C100 10 354 0.57 pu
500 0.161 Q C100 10 330 0.61 pu
600 0.193 O C100 10 293 0.69 pu
400 0.118 Q C200 20 187 1.08 pu
500 0.147 QO C200 20 160 1.26 pu
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400:5, C100 CT performance

------

-------
DDDDD

0.00a

A AT A A A
F Y i Y
184 A secondary. 42% of ideal
0.017 0.033 0.050 HRE[S AL 0o 0117 0.133 0.150

e From PSRC CT Saturation Calculator

 Relay will see ~42% of ideal secondary
current for 10.1 pu phase fault
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Neutral current vs. Ground
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CT physical dimensions
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CTs mounted in
rear bus
compartment
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CT physical dimensions

Mounted in MCC




Bus protection methods

 Most common:
— Zone sequence interlocking (ZSl)
— High-impedance differential
— Low-impedance differential
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Zone sequence Interlocking

YWinding

20005 <
C100 N
52 \ \
— Feeder relay

3y

3 |
40005 <\‘ pickup BLOCKS — ! Zd dgnal
<008 5 cycle delay 50
4.16 kv
* 2005 D aos D acos ) acos  *Pacos P acos M
PDcowo Pcoo Pcoo Pcaw P co P cloo Wy
3y 3y 3y 3y 3y 3y 3y
52 52 52 52 52 52 52
i other feeders identical i
v
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LS|

e Arc flash

— 5 cycle op + 5 cycle breaker = 10 cycles
— |E = 9.03 cal/cm2 (Category 3)

 CT requirements

— Uses the same feeder CTs as for
overcurrent
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ZSl phase fault

200:5
C50

20005 (
€100
3Y

YWinding
f\r\ 400 A
\( 10 sec
Ay

52
3 Feeder relay A
4000:5 pickup BLOCKS = 79 Sgnal
c00 ® 5 cycle delay 50
4.16 kV
ole ole ole ele olo ole oo @@
D 4005 D 4005 4005 D 4005 D 4005 D 40054005 “
D cwo D cuoo D cuoo P cloo P cuwo D clooca
3y 3y 3y 3y 3y 3y 3y

52 52 52 52 52 52 52

Texas A&M Protective Relay Conference

20



ZS| ground fault

No pickup

3
4000:5

5 cycle delay

Z9 Sgnal

4,16 kV
Poos Paws Paos Paws Pl Poponds
C100 C100 C100 C100 C100 C10p C1
Tav T3y T 3v T 3y T3y T3y 3y
52 52 52 52 52 52 —_ 52
N I R N B [
o other feedersidentical .
A 4
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ZSl: complete

YWinding

( 50G)\51G =
200:5 <
o
) >
20005 (] <
C100
3y
52 Required for ground
N fault protection
4000:5(] Z4d Sgnal
C200
[
4.16 kV
[ 10J [ 10J el ole [10J [10J ole @@ S
1) 4005 1) 4005 1) 4005 ) 4005 1) 4005 400:5 | 40 “
_D cio0 _D ci1o00 _D cio0 _D ci100 D cio0 _D ci00 | CI0O
3y 3y 3y 3y 3y 3y 3Y  Recommended for
ground fault
52 52 52 52 52 52 52 protection
i other feeders identical
drF{506)51G
200:5 200:5 200:5 200:5 200:5 200:5 200:5(
\ 4
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Z9 Sgnal
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High-impedance differential

P S~
) ~ \\
ll, 'D \‘ ¢
7 \
! vV, \
Hi-Z { ,l
1
9 4 o
. /' —
. 4 IE _11+12
\ J D N~ N
Junction Point 52
% :k cT1 cT2
ole

Maximum lead

length, and maximum Fault
R, from junction point
to CT lead
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High-impedance

e Arc flash

— 1 cycle op + 5 cycle breaker = 6 cycles
— |E = 5.4 cal/lcm2 (Category 2)

 CT requirements
— Dedicated CTs
— Same accuracy class
— Same turns ratio (full ratio ideal)
— ldentical secondary burden
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High-impedance settings

/F
Ve=(KNLEN R+ PR)=

e VX IIIEIS_nf m.'ﬂ:.
* VR < VX WorSt CT 100 =1 ----
° VR < 67% Of VE @ 1OA 3 J *:'?r’ #’-;f?f .
of worst CT o=
s [/
Z000:5MR |
LU LT | ||||||u
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CT selection

Texas A&M Protective Relay Conference

. . &7% of
ity Aottty Secondary  SOWOON omum & Saing
Voltuge
1500 100 0611 120 103 0.70 120
1600 100 0.65e 128 110 0.70 115
0515 155 132 0.76 120
0.974 145 177 0.77 110
1.168 175 133 0.82 112
0.387 193 147 0.80 130
0.605 235 191 0.83 142
0.6449 251 204 0.84 141
0.580 220 167 0.87 109
0.735 286 204 0.90 106
1.10% 326 249 0.90 119
0.5549 193 165 0.88 80
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High-impedance: ground fault

iMin' i i i g ir s i i ies
Ry Xn Rn Xn Rn Xn Rn X Z, Ra Xn Rn Xy Ra Xn Rn Xn

 Minimum operating current for internal
fault: 0.028 pu

e Minimum ground fault current: 0.115 pu
 Adequate for ground fault protection




High-impedance: complete

Y Winding

N |
7
2000:5(] Hi-
z
I
52
3Y
4000:5
C200
L]
4.16 kV
o ele 10 o 4 10 (4
400:5 1) 400:5 1) 400:5 400:5 400:5 1) 400:5 400:5
C100 _ C100 _ C100 C100 C100 _ C100 C100
3Y 3y 3y 3Y 3Y 3y 3Y
52 52 52 52
| | | |
2000:5 2000:5(  2000:5(] 2000:5(  2000:5(]  2000:5(  2000:5([
C100 C100 C100 C100 C100 C100 C100
® o[¥] o[¥] oJo ]
\ 4 A 4 A 4
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Low-impedance differential

IDifferential: Internal Fault

Minimum Pickup

IFeestraint: Internal Fault

Allowable
CTerror

IRestraint: Through Fault

Texas A&M Protective Relay Conference

/Resf:

/1

+ .+

/s
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Low-Impedance

e Arc flash

— 1 cycle op + 5 cycle breaker = 6 cycles
— |E = 5.4 cal/lcm2 (Category 2)

 CT requirements

— Different turns ratio, accuracy class
acceptable

— Effect of CT saturation impacts settings

— Calculate impact of different CTs on
settings
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Calculating settings

Y Winding

) 200:5 -
. - Phase
2000:5 S
C100 e w s Relay(s)
3Y
52
av]
4000:5([
C200
[)
4.16 KV | |
g; =S l; 23 (103 ele ole
Tav T 3vi =1 3v =t 3y ey <. 4.
52 52 52 52 52 52 52 —
3y 3y 3v| 3] =] v v -
[ ) [ ) ) ° ° o S =
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CT selection

CT Primuary Accuracy Output Differential Restraint Minimum

Ruting Cluss P Current current Slope
400 100 12% od% 112% £ 8%
1200 C50 2b% 4% 126% 58%
1600 C10o0 40% b0% 140% 4 3%
2000 C100 4 5% 54 % 14bB% 37 %%
000 100 47 % 53% 147 % Jb%
1200 C200 4a% 2% 145% 35%
1600 C200 B %% Jb6% 164%0 22 %
2000 C200 b3% 37 % 163%a 23%

T L#a loaa w0
A000 C200 86% 14% 186%0 7%
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* Phase
differential
pickup > 0.115
pu ground
fault current

 Requires
ground

differential
scheme

Texas A&M Protective Relay Conference

Low-Impedance

Y Winding

hd 400 A
J

10 sec
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Low-impedance differential

Y Winding

ole Differential
2000:5
c1o0 Relay
3y Ground currents
52 Phase currents (Zone 4)
av] (Zonel-3)
4000:5(
C200
L]
4.16 kV | |
[ g_; g_; [ ele g_; (d
3y T 3y T 3vi 3y T 3y T 3vi 3Y|
52 52 52 52 52 52 52
3Y 3Y] 3Y| 3Y] 3Y] 3Y] 3Y]
2000:5 2000:5 2000:5 2000:5 2000:5 2000:5 2000:5
C100 C100 C100 C100 C100 C100 C100
o ) ) o ) ) L]
200:5 200:5 200:5 200:5 200:5 200:5 200:5
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Comparing bus protection

Zone sequence
interlocking

High-impedance
differential

Low-impedance
differential

Separate protection
schemes for phase and
ground

Same protection scheme
for phase and ground

Separate protection
schemes for phase and
ground

Mo special CT requirements

Extensive CT reguirements

Careful selection of CTs

May recuire core balance
CTs for ground protection

Feqguires dedicated CTs

Feguires core balance CTs
for ground protection

Fetrofit:

core balance CTs If
Necessary

communications
wiring for blocking
signal

Fetrofit:

Dedicated CTs for
scheme

(T wiring to junction
paint.

Fetrofit:
fay require CT
replacement

Wiring from every
T to relay location

Core balance CTs
for ground

10 cycle total clearing time

B cycle total clearing time

b cycle total clearing time

Incident energy (this
example):
9.03 calicm?

Incident energy (this
example):
2.4 calfcm?

Incident energy (this
example):
5.4 calicm?

Texas A&M Protective Relay Conference
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Summary

* Any of these bus protection schemes
will reduce incident energy for arc flash

* Any of these schemes can work for
ground fault protection of bus

 These schemes only work If CT Issues
are properly addressed

Bus protection performance is all about the
Protective Relay Conference C SI




For more information

C37.110 IEEE Guide for the Application of
Current Transformers Used for Protective
Relaying Purposes

IEEE PSRC CT Saturation Calculator

Blackburn, Protective Relaying, Principles
and Applications

IEEE Recommended Practice for Protection
and Control of Industrial and Commercial
Power Systems (the Buff Book)
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