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Overview

 Protective Relaying Overview

 Three “Lessons Learned” Case Studies
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rotectlve Relaying OverV|ew

Protects Electrical Grid
Monitors Current and Voltage
Looks for Disturbances
Opens Protective Devices
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Protective Relaying Overview

Objectives of System Protection

 Reliability / Resiliency
 Selectivity / Coordination

« Simplicity

553328 at 12.47 kV.

— Current in Amperes: x 1 at 69 KV, x 0.3 at 230 KV and
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rotctive Relaying Overview

How Does a Protective Relay Work?

Forward Power

Relay m | A
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rotctive Relaying Overview

How Does a Protective Relay Work?

Forward Power
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rotecti Rlaying Overview

Current Transformer

e Reduce Current to Manageable Levels
o Expressed In Ratio. IE, 3000:5
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rotctive Relaying Overview

How Does a Protective Relay Work?

Forward Power

Relay m | A




otective Relaying Overview

How Does a Protective Relay Work?

Forward Power

Relay m | A
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Protctlve Relaylng OverV|ew

Voltage Transformer

e Reduce Voltage to Manageable Levels
e Expressed In Ratio. IE, 7200:120

~Vs
Relay
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Time-delay

Distance
Synchronism-check
Undervoltage
Annunciator

Directional power
Undercurrent or underpower
Bearing

Field

Reverse-phase
Phase-sequence voltage
Thermal

Instantaneous overcurrent
AC time overcurrent
Overvoltage

Voltage balance

Pressure

Apparatus ground

AC directional overcurrent
Blocking

Permissive

Alarm

DC overcurrent
Out-of-step

AC reclosing

Frequency

Carrier or pilot-wire

Lock out

Differential

Tripping
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Time-delay

Distance

Synchronism-check _
Undervoltage

Annunciator

Directional power
Undercurrent or underpower
Bearing

Field

Reverse-phase
Phase-sequence voltage
Thermal

Instantaneous overcurrent
AC time overcurrent _
Overvoltage

Voltage balance

Pressure

Apparatus ground

AC directional overcurrent
Blocking
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DC overcurrent
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Lock out

Differential _

Tripping
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Protective Relaying Overview

Questions on Basic Protective
Relaying Concept?
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Digital — Diagnostics
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Advantages of Digital Relays

Compatibility with
Multifunctional digital integrated
systems

Low maintenance
(self-supervision)

Highly sensitive, Highly reliable

salen;i::d (self-supervision)

Reduced burden
on
CTs and VTs

Programmable
Versatile

Power
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Major Brands

« Schweitzer Engineering Labs (SEL)
» Beckwith Electric

« GE Multilin

- Siemens

« Square-D SEPAM

» Cooper Power Systems / Eaton

- ABB

Power
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rotctive Relaying Overview

Audience Question:

Who is using Electromechanical Relaying?
Who is using Digital Relaying?
What Brands and Why?
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Don’t be afraid to
make mistakes. Be
afraid of not
learning from them.

22




23

FRONT

T5KY SWITCHGEAR !

)
¥

(]
- —
M — - |
ra] T L
= = Oy L
2 ! !

10°—0" MINIMUM
CLEA)

RAMCE

TRAMIFORMER T—1
10" =0 MIMIMLUM
CLEARANCE
D
PMES—5544 4
Vd

5'=0" MINIMUM
CLEARANCE

|
10°—0" MINIMUM

® CLEARANCE
_E = ==
=1 1
S= E5

i

é TRANSFORMER T—2

A0°—0"  WaNIMUM
CLEARAMNCE

Power

Eregincering wnd Management Services



Differential Protection (87)

I e

se tudy #1 — Differential

= Kirchhoff’s Current Law (Current In = Current Out)

- Simple
- Fast
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Case Study #1 — leferentlal

Fig: Bus-bar's
Differential
Protection

@_C.T. —

G

Bus-bar CT
C.B. %
C.B. 1

‘% Relay
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Case Study #1 — leferentlal
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Case S

tudy #1 — Differential
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Case Study #1 — leferentlal

Solution

Roll the CTs
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Case Study #1 — Differe
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CaseStudy #1 — leferentlal

| esson Learned

Always Validate Differential
CT Orientation
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CaseStudy #1 — leferentlal

Audience Question

Ever Experienced Flipped
CTs?
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TRIP CLOSE

Power
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seStudy #2 — Sub Switches

Synchronization Protection (25)

- Connecting Two Independent Systems

- Phasor Comparison
- Voltage / Phasing
- Rate of Change
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Case Study #2 — Sub Switches

Phasor Representation

Bus 1 Bus 2

= Signal 1 w— Sinnal 2
= Hslemncy . e Reference
A P
al Bs!
2T .y i f

time =0 Yime=0

Power
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Chart One: Phase of generator's wave form lags the utility wave form by 1209°

s

Utility Wave Form

Generator Wave Form

Chart Two: Phases are correctly matched

Power
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e Study #2 Sub SW|tches
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Case Study #2 — Sub Switche

Close Logic Equations
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Close Logic Equations
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ase Study #2 — Sub Switches
Solution

Reprogram CLOSE Function
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se Study #2 Sub SW|tches

91-48
FPR CLOSE

all B

i

25 SYNC PERMISSIVE

1

TB9

Power



CaseStudy #2 — Sub SW|tches

| esson Learned

Do Not Use Continuous Contact
Switches in Trip / Close

Dedicated Sync (25) Contact
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Case Study #2 Sub SW|tches

Questions?

49




Case Study #3 — Natlonal Football

Audience Question

Who Likes Football?

50
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DEP RTES P

NEw YOoRK

GLANTS JETS KNICKS NETS YANKEES METS RANGERS DEWVILS ISLES MNCAA

Wy ork . com Updated: Movembar 2 11: 59 AM ET
m an W Tweeat 27 @ COMMENTS (0] B Ernasal Wim¥ PRINT
EAST RUTHERFORD, MN.J. — Giants fullback Bear Pascoe was in the huddle on the field of the new

Meadowlands Stadium in the third guarter against the Cowbows, when all of a sudden the lights
went ouk.

"I just wondered howw they were going to get them back on,” said Pascoe.

The stadium was plunged into dark, the only wvisible light coming from the dots of cell phone
screens. Everyone on the field froze and waited, Pascoe said. Six seconds later the lights were
back on, along with guestions about how something like a power outage could happen in the
miiddle of a game in a brand new 1.6 billion stadivnm.

“It's frustrating whether its a new bwuilding or an old More From ESPMN Dallas, ESPN New York

building,” Giants co-owner Johnn Mara said. "vYou

certainly don't vwant to see anything happen like Ewvervthing wou n

that during the game."” need to know about * g
the MFC showdown

between the Giants

and Cowboys can be found in the
Cowboys Center and Giants Center

The CEO of thie Mewvw Meadowlands Stadium, Mark
Lamping, said that the problem was in a disruption
to one of two feeder sources to the stadium. That
caused a momentary outage at 6 p.m., at the start
of the third guarter. Then when the power switched
from the first to the second source of power, the
longer six-second blackout cccurred with 10:57 left
in the third guarter. It took roughly six minutes to start play again, and there was another two
minute pause while waiting for the television broadcast to resume.

= Cowboys blog = Giants blog

"The appropriate diagnostics will be done,” Lamping said. "we'll determine exactlhy what
happened in conjunction with our friends from the [MNew Jersey Sports & Exposition Aauathority]
and [Public Service Electric and Gas Company] and if thiere are any adjustments thhaat need to be
made anvwhere along the line we'll make those so that we can minimize risk of this ever
happening again.”

Two Cowboys employees were stuck in one of the elevators as those went offline, along with the
eccalators. Lamping said there was no smoke or fire in the building.

Plavers seemed to take the blackout in stride. Ofensive limnesman Kareem McocKenzie quipped that
somecocne neseded to pay the bill. Linebacker Clint Sintim said he was on the bench and stopped in
the middle of a sentence until some lights came back up.

Power
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CaseStudy #3 — Natlonal Football

Single-Phase Power

CT Transformer
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Case Study #3 — Natlonal Football
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Case Stud

Differential Protection (87)
- Transformer in Utility Sub Tripped
- Multiple Banks / Feeds to Stadium
- All Load Transferred to 2" Bank
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Case Study #3 — Natlonal Football

Utility Substation
[] u!
WAL WAL
LPPrY LPPrY
[] []
OTHER OTHER
/\ COMPLEX COMPLEX /
LOADS LOADS
oLD oLD
STADIUM STADIUM
FEEDER FEEDER
360A 360A
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Case Study #3 — Natlonal Football

Utility Substation
[] u!
WAL WAL
LPPrY LPPrY
[ []

EYEETIEREETRY:
\w & ]/

NEW
STADIUM

STADIUM FEEDERS

FEEDERS
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Case Study #3 — Natlonal Football

Utility Substation
[] u!
WAL WAL
LPPrY LPPrY
[] []

IR EEYLERE
\w & ]/

NEW
STADIUM

STADIUM
FEEDERS FEEDERS

ry 360A 360A <\509A\
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CaseStudy #3 — Natlonal Football

Utility Substation
u|
- 270A Load Per Feeder
St
- 270A + 270A = 540A u
0

- 540A > 360A !! i ‘J'”H] '{]/'1']/'{]

NEW
STADIUM
FEEDERS

360A T 6060A__
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Time Overcurrent (51, 51N, 51G)
- Basic Overload Protection
- IN"2 *T Curve
- Simple
- Current Only
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Time Overcurrent (51, 51N, 51G)
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CaseStudy #3 — Natlonal Football

| esson Learned

Check CT Shorting Blocks
Always QC Relay Settings
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Moral of the Story

When All Else Fails, Read the Manual!

e

Yes, It Is 998 Pages Thick

Power
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Questions?

Power
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