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Paralleling Switchgear Design Considerations
Paralleling/Synchronizing Switchgear refers to the controls and equipment required for connection of 
multiple sources, usually generators to a common bus and/or a Utility Source and the load control 
necessary for the specific application in the event of a power outage

▪ Multiple generators inherently provide
redundancy by design vs a single
larger generator

▪ Can provide N+1 
configuration/capacity for 
maintainability. Ex: 1 Generator can 
be down for maintenance with full
backup capacity available

▪ System Priority Load Control ensures
the most critical loads are connected 
to backup power when necessary –
Life Safety, Critical, Equipment 

▪ Ensure a high level of reliability 
and resiliency

▪ Eliminate single points of failure

To Loads

Paralleling 

SwitchgearTo Loads To LoadsTo Loads

Common Main Bus
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Emergency Power Systems - Applications

Healthcare Facility Water & Wastewater Data Center

Government Facility Industrial Buildings Telecom

24 x 7 x 365                  Code Driven – NEC, NFPA Business Driven - $$$
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Utility

Priority 2

Equipment

Life

Safety

Critical

Non Essential Loads

Priority 3

Priority 1

Example Basic Paralleling System SOO- Emergency Standby
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Utility

Priority 2

Equipment

Life

Safety

Critical

Non Essential Loads

Priority 3

Priority 1

Normal Operation: Utility Available
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Utility

Priority 2

Equipment

Critical

Non Essential Loads

Priority 3

Priority 1

Utility Fails: All 3 Generators Start

Life

Safety



Confidential Property of Schneider Electric

Internal

Utility

Priority 2

Equipment

Life

Safety

Critical

Non Essential Loads

Priority 3

Priority 1

First Generator Online: Priority 1 ATS Transfers
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Utility

Priority 2

Equipment

Life

Safety

Critical

Non Essential Loads

Priority 3

Priority 1

Second Gen Online: Priority 2 ATS Transfers 
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Utility

Priority 2

Equipment

Life

Safety

Critical

Non Essential Loads

Priority 3

Priority 1

Third Generator Online: Priority 3 ATS Transfers
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Utility

Priority 2

Equipment

Life

Safety

Critical

Non Essential Loads

Priority 3

Priority 1

Generator Fails: Priority 3 ATS Sheds

Load latch will keep
Priority 3 online if there
Is available headroom in 
the remaining gens
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Utility

Priority 2

Equipment

Life

Safety

Critical

Non Essential Loads

Priority 3

Priority 1

N+1 System Adds Reliability if Generator Fails
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Emergency Paralleling System Network Architecture

The Generator Control System
The System Master & Load Control 

System

User Management & System 

Monitoring

Automatic 

Synchronizer & Load 

Sharing

Engine

Mounted 

Controller

Generator CB

Generator PLC

Master 

Synchronizers

Master PLC & I/O

Renewables

User Interface

Trip Units

Generator  

Protective  

Relay

Distribution CB

Tie CB

Protective Relays Utility CB

Master PLC & I/O

Generator PLC

Power Quality MetersSynchronizers

Master 

Synchronizers

Automatic Transfer Switches

Separate networks allow for easier maintenance, troubleshooting, enhances security & reliability
Confidential Property of Schneider Electric | Page 6

Protective  

RelaysLoad Banks
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▪ Dedicated PLC for each generator 

with independent CPU – Increased 

Reliability

▪ Provides Engine start, monitoring, 

communication and circuit breaker 

control

▪ Communicates with System Master 

PLC

▪ Control should be independent from 

the System Master PLC or HMI 

▪ Starts engine independent of 

System Master PLC

▪ Independent PLC eliminates reliance 

on other components and reduces 

points of failure

▪ Loss of communication to Master 

PLC or System HMI does not affect 

operation of Generator PLC

Power Control Systems Generator Controls Architecture

System Master PLCSystem HMI

Communication

Hardwired Gen control

Hardwired Status 
feedback

Legend
Paralleling Circuit 

BreakerEngine Generator

Generator Control Section           
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Generator Control Architecture – Automatic Synchronization
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Engine

Generator

Actuator

Synchronizer
Load Control
Var Control

Voltage

Regulator

PT

CT

PT

CB Close 
Signal

Load Share 
Signal To The 

Next Gen

Multiple circuit 
lockout (MCL) signal 

to the 
Next gen

PT

Paralleling 
Circuit Breaker

COMMON EMERGENCY  BUS

Speed 
Controller

Voltage Bias

Speed Bias

▪ What is generator synchronization?

▪ Generator synchronization matches generator 
speed/frequency with another source (Other 
generators and/or utility). 

▪ Voltage levels and phase relationships need to be 
considered.

▪ Why is synchronization needed?

▪ Controls power surges.  Avoids reverse power, 
overpower and mitigates transients when bringing 
additional power sources online.

▪ Reduces electrical stress on generators and 
switchgear.  Helps prevent high currents and breaker 
wear.

▪ Reduces mechanical stress on generators and prime 
movers.  Helps prevent bent drive shafts and broken 
couplings.

▪ What conditions must be met for two sources to be 
synchronized?

1. The  number  of  phases  must  be  the  same.

2. The direction of rotation must be the same.

3. The voltage amplitudes must be closely matched.

4. The frequencies must be closely matched.

5. The phase angles must be closely matched.
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Power Control Systems Generator Controls Architecture

▪ Hardwired Engine Start and Common 
Alarm with Engine Start Circuit 
Monitoring

▪ Independent Generator PLCs

▪ No Reliance on Master PLC

▪ Eliminates Point of Failure

▪ Engines can be started in absence 
of Master PLC(s)

▪ Hardwired Manual Control Station for 
supervised operation and engine 
interface

▪ Consider utilizing synchronizing
devices that include a Load Share 
capability

▪ Redundant load sharing eliminates a
single point of failure

Comms to Engine 

– Alarms, Data, 

Metering, etc

Hardwired 

Engine Start & 

Common Alarm

Automatic Synchronizer

Master PLC

Master HMI

Redundant Load Sharing

connection

Redundant Master PLC

Generator PLCGenerator PLC

GENERATOR 

CONTROL SECTION

Generator PLC

GENERATOR 

CONTROL SECTION
GENERATOR 

CONTROL SECTION

Automatic Synchronizer
Automatic Synchronizer

SYSTEM MASTER 

CONTROL SECTION

Engine Start Circuit 

Monitoring per 2020 NEC 

700.10 (D)(3)

Manual Control Station Manual Control Station Manual Control Station
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Generator Control Architecture – Hardwired Backup Redundancy

GENERATOR  

SECTION

Generator PLC

Synchronizer

What if a Generator

PLC Fails?

Communication to 

engine and some

Status is unavailable

But…..

▪ Full Automatic Control remains available –

Provides Redundancy

▪ Eliminates Single Point of Failure

▪ Provide Engine start, breaker close & trip with

hardwired backup

▪ Common Shutdown, Engine running,

Autostart, breaker status, PLC stopped & 

control voltage failure status lights are

hardwired

▪ Synchronizer synchronizes oncoming 

generator and closes breaker connected the it

to the bus

▪ No manual intervention required by the 

operator

▪ Hardwired Engine Control Switches allow 

operator to start or stop engine manually if

needed

Reduce Single Points of Failure

Manual Control Station
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Engine Start Monitoring – 2020 NEC 700.10(D)(3)

2020 NEC 700.10 (D)(3)
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(3) Generator Control Wiring. Control conductors

installed  between the transfer equipment and

the emergency  generator shall be kept entirely 

independent of all other  wiring and shall meet the 

conditions of 700.10(D)(1).

The integrity of the generator control wiring shall be  

monitored for broken, disconnected or shorted 

wires. Loss of integrity of the remote  start 

circuit(s) shall start the generator and 

annunciate the alarm at an annunciator.

Engine Start Wires

Paralleling Switchgear

ASCO 5101 

Engine Start 

Monitor

Automatic Transfer Switches

Engine Generators
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Power Control Systems - Master Controls

System Control

▪ Provides overall system load control

▪ ATS

▪ Circuit Breakers

▪ Remote Switchgear Lineups

▪ Implements complex sequences of operation

▪ Receives outage signal

▪ Communicates to generator PLCs

▪ Gathers Data for HMI Display

▪ Gathers data to interface with BMS or EPMS

▪ Provides Manual Paralleling Capability

▪ Monitors System Parameters

▪ Hardwire critical interfaces 

▪ Engine Start

▪ Load Add/Shed

▪ Common Alarm

ATS

Remote Switchgear

Legend

Communication

Hardwired Control 

Hardwired Status

feedback

Distribution 

Circuit Breakers

Utility
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▪ A single Master PLC failure in a system 
with redundant Master PLCs results in 
no loss of automation.

▪ Generator PLCs are independent of the 
Master PLC – Loss of Master PLC(s) 
does not affect Generator PLCs

▪ Loss of Communication from Master 
PLC to Generator PLCs does not affect 
Generator PLCs or Automation

▪ If both Master PLCs fail independent 
Generator PLC can start engines 
automatically and priority 1 loads are
automatically added

Power Control Systems Architecture – System Master Controls

Automatic 

Synchronizer
Master PLC

Master HMI

Redundant Master PLC

Generator PLCGenerator PLC

GENERATOR 

CONTROL SECTION

Generator PLC

GENERATOR 

CONTROL SECTION
GENERATOR 

CONTROL SECTION

Automatic 

Synchronizer
Automatic 

Synchronizer

SYSTEM MASTER 

CONTROL 

SECTION

Reduce Single Points of Failure

Hard wired 

manual backup 

for Load control
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Power Control Systems Master Control Architecture – Manual Paralleling

▪ Eliminates Automatic Synchronizer Single Point of 

Failure 

▪ Provides a means to manually close the generator 

breakers in-phase if an automatic synchronizer is not

functioning properly – Alternate manual close path

▪ Manual Paralleling controls are grouped at the

Master Control Section

▪ Controls include a Synchroscope, Selector Switch 

and Sync Check Relay to assist the operator and

prevent out of phase closure

▪ Completely hard wired, no reliance on

automation or touchscreen

▪ Manual operation not required in front of

Generator Circuit Breaker – Arc Flash

Consideration
System Master 

Controls

Include hardwired manual paralleling capability

Master Control Station
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Power Control Systems – User Interface

System Master Controls

Master Control 

Section

HMI/Operator Interface Terminal
▪ Allows Operator to adjust some parameters – Ex: Load Priorities
▪ Allows Operator to perform some control operations – Ex: System Test

▪ Includes System Dynamic One Line
▪ Generator and Total System Metering, Status, Alarms & Shutdowns
▪ Historical Trending

▪ Joint Commission Reporting if required

▪ BMS/EPMS Interface/Gateway 
▪ Includes several levels of Password Protection
▪ Email or Text Alarm Notifications

▪ System Operation should not be dependent on Touchscreen

To BMS 

or BAS 

System

Facility Manager
Power Outage Alert
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User Management & System Monitoring
An Operator Interface Panel is Provided for access to User-Adjustable Settings And System Monitoring And Control

System Dynamic one line

Engine Monitoring

Confidential Property of Schneider Electric | Page 29

Generator & System Status

Alarm Summary with date & time stamp
Historical Trending

Network Connected device status

Joint Commission Reporting for Healthcare
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Remote Monitoring Stations

Confidential Property of Schneider Electric | Page 32

▪ Remote Monitoring – Engines and gear less accessible

▪ Consider Additional Monitoring And Control Nodes To Allow User

Interface Outside the Arc Flash Zone

▪ Monitoring and control are the same as the System Master OIT

▪ Connections from System Master Controls via Ethernet, Fiber or

Redundant Fiber

Remote Wall Mount HMI

Remote Workstation

43” OIT24” OIT
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Typical EPMS/PCS Network

System Control 

Network

FIREWALL

EPMS 

System 

Network

Automatic Transfer Switches Automatic Transfer Switches

Gen Controls Gen Controls

System Master Controls

To BMS 

or BAS 

System

Facility Power 

Monitoring Server

Engine 

Control Panel

Engine 

Control Panel
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Paralleling System Control Network
Single PLC, Single I/O, Ring Topology

▪ Increased reliability and

uptime for critical

applications

▪ Minimizes single point of

failure with ring configuration

▪ Single points of failure 

remain with single PLC and 

single I/O.

Master/AUX Control 

Section

Generator Control 

Sections

(typical of all Gen Sections)

Tie/Distribution/Utility 

Sections

PLC-1 I/O (A)

I/O (A)

SCADA

GEN PLC
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Paralleling System Control Network
Redundant PLC, Single I/O, Ring Topology

▪ Increased reliability and uptime

for critical applications

▪ Minimizes single point of failure

with redundant master PLC and 

ring configuration.

▪ Synchronized CPUs provide

Bumpless transfer if one PLC 

fails – No interruption to

program & process

▪ Additional layer of reliability & 

protection for relatively low cost

▪ Optional Redundant I/O 

Master/AUX Control 

Section
Generator Control 

Sections

(typical of all Gen Sections)

Tie/Distribution/Utility 

Sections

I/O (A)

PLC-1

PLC-2
SCADA

I/O (A) GEN 

PLC
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Paralleling System Control Network
Redundant PLC, Redundant I/O, Ring Topology

▪ Increased reliability and

uptime for critical applications

▪ Eliminates single point of

failure with redundant master 

PLC, redundant I/O, and ring 

configuration.

Master/AUX Control 

Section

Generator Control Sections

(typical of all Gen Sections)

Tie/Distribution/Utility 

Sections

I/O (A)

GEN PLCPLC-1

PLC-2

SCADA

I/O (A)

I/O (B)

I/O (B)
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Paralleling System Control Network
Redundant PLC, Redundant I/O, Ring Topology, Remote IO

▪ RTU allows remote I/O to easily control 

remote ATS(s) or breaker(s)

▪ RTU(s) can communicate back to PLC 

network in ring configuration

▪ Often use Fiber for the PLC network for 

longer distances.

▪ Redundant Fiber common for  Mission 

Critical Applications

RTU/Remote Equipment

I/O (A) I/O (B)

System Master 

Controls Generator Controls

(typical of all Gen Sections)

Tie/Distribution/Utility 

Controls

PLC-1

PLC-2
I/O (B)

I/O (A)

I/O (A) I/O (B)

GEN PLC

I/O (A) I/O (B)

RTU/Remote Equipment

SCADA
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Paralleling System Control Network
Redundant PLC, Redundant I/O, Ring Topology, Remote IO, Redundant Communication Connections

▪ RTU allows remote I/O to easily control 

remote ATS(s) or breaker(s)

▪ RTU(s) can communicate back to PLC 

network in ring configuration

▪ Often use Fiber for the PLC network for 

longer distances.

▪ Redundant Fiber common for  Mission 

Critical Applications

RTU/Remote Equipment

I/O (A) I/O (B)

System Master 

Controls
Generator Controls

(typical of all Gen Sections)

Tie/Distribution/Utility 

Controls

PLC-1

PLC-2 I/O (B)

I/O (A)

I/O (A) I/O (B)

GEN PLC

I/O (A) I/O (B)

RTU/Remote Equipment

SCADA

Redundant Fiber 

connection
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▪ RTU allows remote I/O to easily control 

remote ATS(s) or breaker(s)

▪ RTU(s) can communicate back to PLC 

network in ring configuration

▪ Often use Fiber for the PLC network for 

longer distances.

▪ Redundant Fiber common for  Mission 

Critical Applications

RTU/Remote Equipment

I/O (A) I/O (B)

System Master 

Controls Generator Controls

(typical of all Gen Sections)

Tie/Distribution/Utility 

Controls

PLC-1

PLC-2 I/O (B)

I/O (A)

I/O (A) I/O (B)

GEN PLC

I/O (A) I/O (B)

RTU/Remote Equipment

SCADA

Redundant Fiber 

connection

Redundant 

Switchgear LAN

Paralleling System Control Network
Redundant PLC, Redundant I/O, Ring Topology, Remote IO, Redundant Communication Connections, 
Redundant Switchgear LANs
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DC Power Considerations

▪ Reliable DC Power is Required for PLCs, controls, breaker 

operation

▪ Engine batteries experience a voltage drop during cranking that 

can be 24 VDC to less than 12 VDC

▪ Critical control components cannot function with voltages less

than 18VDC. DC-DC convertors and a best battery selector are

provided to keep these devices powered up during momentary

voltage drops.

▪ The best battery circuit determines the best available DC voltage 

from the available battery sources (engine batteries and/or station 

batteries).

▪ DC-DC convertors act as a voltage regulator boosting the DC 

voltage

▪ A DC Bus Distributes DC power to the Generator and Master 

Controls

▪ Mission Critical Systems commonly utilize a combination of 24VDC 

engine start batteries and a dedicated station battery – 24VDC, 

48VDC or 125VDC

▪ Provide DC – DC Convertors in all Generator and Master Sections

▪ Redundant Station batteries commonly specified in Mission Critical

Applications

Best Battery Selector

DC-DC Convertor

Red, Blue, Black 

Wires are DC bus

Station Battery System
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Power Control System Automatic Priority Load Control
What happens when the lights go out?

Utility Power
G GGG

System Master Controls 

signal Generator 

Section Controls to start 

all engines

G G G G

Effected ATS(s) send start 

signal to System Master 

Controls 

Automatic Transfer Switches

Power Control System
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Power Control Systems Automatic Priority Load Control

Block Load Control Step Load Control

▪ What happens next?

▪ All loads can’t be connected immediately

▪ Loads are connected to the emergency bus as the system 
connects generators

▪ The System Controls signal loads (ATS or CB) to connect to the
emergency bus in priority order – User adjustable in Master OIT

▪ Load can be added in priority blocks

▪ Or in steps
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Power Control Systems Automatic Priority Load Control Features

▪ What happens if an engine fails?

▪ It depends

▪ Traditionally power systems will shed the 
lowest priority load block

▪ Current power system designs do nothing 
unless they have to

▪ Systems can provide a “load latch” function 
that compares remaining capacity to real time 
kW demand of online loads

▪ If sufficient capacity remains loads will 
remain online preventing unnecessary 
disconnection and re-connection of loads

X X

X
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Load Demand

▪ Maximizes the efficient use of standby 

generator capacity by adding or removing 

generators according to demand

▪ Calculates kW Demand On The 

Emergency Bus

▪ Disconnects Unnecessary Generators And 

Allows A Cooldown Period

▪ Highly specified feature

Power Control Systems- Automatic Priority Load Control Features
System Master Controls account for changes or failures in System configuration

Bus Optimization Feature

▪ Controls the number of load blocks 

connected to the System

▪ Maximizes Load Connected to the system

▪ Calculates if the next Load Block can be connected

▪ Specify more often
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Priority 1

ATS 101

ATS 102

ATS 103

ATS 104

ATS 105

ATS 106

ATS 107

ATS 108

Priority 2

ATS 201

ATS 202

ATS 203

ATS 204

ATS 205

ATS 206

ATS 207

ATS 208

Priority 3

ATS 301

ATS 302

ATS 303

ATS 304

ATS 305

ATS 306

ATS 307

ATS 308

800kW 800kW 800kW

Total Demand on Emergency System: 0kW

Bus Optimization Example

– Bus Optimization is Set to 

Allow Connection of 90% of 

Capacity

– For this Example, Each Load 

is 100kW

– The Utility Source is Available

– All ATSs are Connected to the 

Utility Source

Each Generator 

Is 1000kW

Connected to Utility De-energizedConnected to Emergency

Power Control Systems Load Control – Bus Optimization Feature
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Priority 1

ATS 101

ATS 102

ATS 103

ATS 104

ATS 105

ATS 106

ATS 107

ATS 108

Priority 2

ATS 201

ATS 202

ATS 203

ATS 204

ATS 205

ATS 206

ATS 207

ATS 208

Priority 3

ATS 301

ATS 302

ATS 303

ATS 304

ATS 305

ATS 306

ATS 307

ATS 308

0kW 0kW 0kW

Total Demand on Emergency System: 0kW

Bus Optimization Example

– The Utility Source Fails and 

All ATSs are De-Energized

– All ATSs Issue a Start Signal 

to the Emergency Power 

System

– The Critical Load is 

Energized by the UPS

Each Generator 

Is Signaled to 

Start

Connected to Utility De-energizedConnected to Emergency

Power Control Systems Load Control – Bus Optimization Feature
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Priority 1

ATS 101

ATS 102

ATS 103

ATS 104

ATS 105

ATS 106

ATS 107

ATS 108

Priority 2

ATS 201

ATS 202

ATS 203

ATS 204

ATS 205

ATS 206

ATS 207

ATS 208

Priority 3

ATS 301

ATS 302

ATS 303

ATS 304

ATS 305

ATS 306

ATS 307

ATS 308

800kW 0kW 0kW

Total Demand on Emergency System: 800kW

Bus Optimization Example

– The First Generator 

Connects to the Bus

– The Priority 1 ATSs are 

Allowed to Transfer to 

Emergency

– All Other ATSs are Inhibited

The 1st Generator 

Is Connected to 

the Bus

Connected to Utility De-energizedConnected to Emergency

Power Control Systems Load Control – Bus Optimization Feature
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Priority 1

ATS 101

ATS 102

ATS 103

ATS 104

ATS 105

ATS 106

ATS 107

ATS 108

Priority 2

ATS 201

ATS 202

ATS 203

ATS 204

ATS 205

ATS 206

ATS 207

ATS 208

Priority 3

ATS 301

ATS 302

ATS 303

ATS 304

ATS 305

ATS 306

ATS 307

ATS 308

Connected to Utility De-energized

800kW 800kW 0kW

Total Demand on Emergency System: 1600kW

Connected to Emergency

Bus Optimization Example

– The Second Generator 

Connects to the Bus

– The Priority 2 ATSs are 

Allowed to Transfer to 

Emergency

– All Other ATSs are Inhibited

The 2nd Generator 

Is Connected to 

the Bus

Power Control Systems Load Control – Bus Optimization Feature
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Priority 1

ATS 101

ATS 102

ATS 103

ATS 104

ATS 105

ATS 106

ATS 107

ATS 108

Priority 2

ATS 201

ATS 202

ATS 203

ATS 204

ATS 205

ATS 206

ATS 207

ATS 208

Priority 3

ATS 301

ATS 302

ATS 303

ATS 304

ATS 305

ATS 306

ATS 307

ATS 308

Connected to Utility De-energized

800kW 800kW 0kW

Total Demand on Emergency System: 1600kW

Connected to Emergency

Bus Optimization Example

– The 3rd Generator Fails to 

Connect to the Bus

– The Priority 3 ATSs Remain 

Inhibited from Transferring 

to the Emergency Source 

and Remain De-Energized

The 3rd Generator 

Fails to Connect 

to the Bus

Power Control Systems Load Control – Bus Optimization Feature
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Priority 1

ATS 101

ATS 102

ATS 103

ATS 104

ATS 105

ATS 106

ATS 107

ATS 108

Priority 2

ATS 201

ATS 202

ATS 203

ATS 204

ATS 205

ATS 206

ATS 207

ATS 208

Priority 3

ATS 301

ATS 302

ATS 303

ATS 304

ATS 305

ATS 306

ATS 307

ATS 308

Connected to Utility De-energized

800kW 800kW 200kW

Total Demand on Emergency System: 1800kW

Connected to Emergency

Bus Optimization Example

– After a Time Delay Expires, 

Bus Optimization Begins

– The System is Programmed 

to Allow Connection of 

1800kW (previously set to 

90% of online capacity)

– (2) Additional ATSs are 

Allowed to Connect to the 

Bus

Bus Optimization 

Begins

Power Control Systems Load Control – Bus Optimization Feature
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Priority 1

ATS 101

ATS 102

ATS 103

ATS 104

ATS 105

ATS 106

ATS 107

ATS 108

Priority 2

ATS 201

ATS 202

ATS 203

ATS 204

ATS 205

ATS 206

ATS 207

ATS 208

Priority 3

ATS 301

ATS 302

ATS 303

ATS 304

ATS 305

ATS 306

ATS 307

ATS 308

Connected to Utility De-energized

400kW 700kW 700kW

Total Demand on Emergency System: 1800kW

Connected to Emergency

Dynamic Bus Optimization 

– Dynamic Bus Optimization 

Measures real time load kW of 

each ATS

– ALL ATSs are Allowed to 

Connect to the Bus even with 

a generator failure

Bus Optimization 

Begins

▪ Dynamic Bus Optimization Measures 

real time load kW and reconnects loads

▪ Bus Optimization features are typically 

under specified

Power Control Systems Load Control – Bus Optimization Feature
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▪ Typically, NFPA 70E IR scans are performed once a year to 

check cable issues that can cause electrical fires

▪ Any issues between annual  scans won’t be detected and the 

risk remains until the next check up a calendar year later

▪ Continuous thermal monitoring enables early detection of 

conditions that could cause fires

▪ Monitors 24x7x365 and immediately notifies the facility 

manager and operators of potential dangers

▪ With optional expert advisor services, optimize maintenance 

through more streamlined maintenance planning and 
scheduling

WITH thermal monitoringWITHOUT thermal monitoring

Continuous Thermal Monitoring
To BMS or 

EPMS 

System

Wireless 

Temperature Sensors
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Power Control Systems – Seismic Certification

Seismic Certificate of Compliance

▪ IBC is current seismic certification

▪ IBC certification requires shake table testing

▪ IBC replaced UBC in 2000

▪ Specify IBC seismic label if seismic certification is required

▪ Applies to Low & Medium Voltage Switchgear

Seismic Equipment Label

Scan QR code 

for Seismic 

Certificate
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■ Energy-Reducing maintenance switching with local 

status indication

■ Energy Reducing active arc flash mitigation

■ Differential Relaying

■ Zone Selective Interlocking

■ An Instantaneous trip that is less than the available 

arc current

■ An Instantaneous override that is less than the 

available arcing current – Temporary Adjustment 

of the Instantaneous trip setting to achieve arc 

energy reduction shall not be permitted

■ An approved equivalent means

NEC Specified Methods – Article 240.87(B)

Circuit Breakers with

ERMS switches

Differential Relaying

Protective Relaying with arc 

protection capability

Arc Resistant Switchgear

Does not meet NEC Requirement

“One of the following means shall be provided and shall be set to 

operate at less than the available arcing current”

2020 NEC added Article 240.87(C) – Performance testing requiring:

1. Documents that show the implemented arc reduction method 

operates below the arcing current.

2. Documented field tests that prove the installed method 

performs as intended.

Arc Flash Considerations
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Paralleling Switchgear Design Considerations

Single Common Bus

Segmented 

Bus

Ring Bus

Multiple Operational Modes In Customizable bus configurations
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Power System Modes of Operation
▪ Open transition is the transfer of load from one power source to another power source by 

interrupting one power source before the other power source can feed the load (Break 
before Make).

▪ Closed Transition is the transfer of load between two power sources without interruption of 
power (Make before Break). Typically, closed transition is 100ms or less. Closed transition 
is typically used on retransfers to utility power or during transfer tests of emergency 
equipment so that load is not interrupted.

▪ Closed Transition/Soft-load like closed transition, soft-load transition parallels two power 
sources. In this mode the sources can be paralleled for extended periods. This method is 
used to decrease loading on the original source while increasing loading on the alternate 
source. 

▪ Extended Parallel with Utility is the connection of the normal (utility) power source with 
another power source (Generator Paralleling Switchgear) for an extended period of time -
hours, days, etc. Used for peak shaving, curtailment, storm modes, etc.
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Segmented Bus Configuration

ATS 1

Life 

Safety

ATS 4

Life 

Safety

ATS 2

Critical

ATS 5

Critical
ATS 3

EQ

ATS 6

EQ

52F 52F 52F 52F 52F 52F

52G 52G 52G 52G

N.O.

52T

▪ Concurrently connect generators to isolated 
segments to bring multiple gensets online within 
the 10 second timeframe required for critical 
power applications NEC 517.32-34

▪ Distribute remaining generation capacity to the 
loads on each bus when segments are tied 
together – this increases overall capacity to 
maximize availability if a generator fails

▪ Isolate faults if one bus is lost, keeping the 
remainder of the facility powered

▪ Can shut down one section completely for 
maintenance. 

▪ Requires synchronization across tie breaker and 
voltage sensing on each segment

▪ More Complex Sequence

▪ Consider tie breaker failure modes – Ex: Tie fails 
to automatically close

Load 

Bank
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Main – Tie - Tie – Main Configuration

52GM1

52G
52UM2

52F 52F 52F

52GM2

52G

CRITICAL

LOADS

CRITICAL 

LOADS

52G52UM1

52F 52F 52F

N.C.
N.C.

N.O.N.O.

▪ Provides Redundancy via 
separate utility feeds

▪ Allows for maintenance

▪ Open & Closed transition, 
Soft Load or Extended 
Parallel With Utility 
Operation

▪ Load Control via Electrically 
Operated Circuit Breakers

▪ More complex sequence of 
operation

▪ Requires additional 
components for utility 
breakers and parallel with 
utility operation

▪ Utility Main and Gen Main act 
as transfer pairs –
Electrically Interlocked

▪ Consider main breaker 
failure modes

▪ Utility Breaker 52UM fail to 
open inhibits transfer to its 
respective bus

▪ Load Bank on Gen Bus

Automatic 

Transfer & 

Electrical 

Interlock

Automatic 

Transfer & 

Electrical 

Interlock

BUS 1 BUS 2

52LB

Load 

Bank
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Ring Bus Configuration 

LOADS

LOADS

LOADS

LOADSLOADS

LOADS

LOADS

N.C. N.C.

N.C.

N.C.N.C.N.C.

N.C.

N.C.

▪ High Reliability

▪ Two available paths to supply 
critical loads

▪ Isolate faults via bus 

differential if one bus is lost, 

keeping the remainder of the 

facility powered

▪ Can shut down one section 

completely for maintenance. 

▪ Typically used in Medium 

Voltage Applications with 

large power requirements –

Ex: Data Center

▪ Complex Sequence –

Typically Soft Load Parallel 

with utility operation

▪ Multiple Configurations – N+1, 

N+2, etc

LOADS
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Footprint Support

Many variables can affect the switchgear sizing
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Power System Sequence of Operation

▪ Project Specific Sequence of Operation

▪ Most critical element of system design

▪ Can impact equipment/component 
selection

▪ Can affect system short circuit rating

▪ Can impact pricing/bid leveling 

▪ Eliminate Single points of failure

▪ More efficient Startup/Commissioning 
process

▪ Consider failure modes – Ex: What 
happens if a Generator or Tie Circuit 
Breaker fails to close (or open)

Project Specific Sequence of 

Operation

Project Specification
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Power Systems Low Voltage Standards

▪ Based on NEMA Standards – Dead Front Switchboard
Construction in accordance with NEC

▪ Molded Case, Panelboards, Insulated case breakers as 
defined in UL 489 allowed

▪ Fusible Switches allowed

▪ ANSI Rated Breakers as defined by ANSI 37.16, ANSI
37.13 and UL1066

▪ 3 cycle short circuit rating/test

▪ No barriers or compartmentalization required

▪ Typical AIC ratings - 42KAIC, 50KAIC, 65KAIC, 100KAIC
150KAIC, 200KAIC

▪ Defines an interrupting current rating for the breaker

▪ Based on ANSI Standard C37.20.1 for Metal Enclosed Low Voltage Circuit 

Breaker switchgear

▪ Drawout Power circuit breakers as defined in UL 1066 and ANSI are the only type 

allowed

▪ 4 cycle short circuit rating/test, 30 or optional 60 cycle short time test

▪ Heat Rise Test

▪ Complete breaker compartmentalization required

▪ Typical AIC ratings - 65KAIC, 85KAIC, 100KAIC, 200KAIC

▪ Defines an interrupting current rating and short time rating (30 cycle rating) for 

circuit breakers
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Power Systems Medium Voltage Standards – ANSI

37.20.2
▪ Drawout circuit breaker

▪ Compartmentalized construction with 

Grounded metal barriers

▪ Instrument/control compartment isolated from 

primary voltage

▪ Automatic shutters

▪ Insulated bus

▪ Drawout/Disconnect type voltage

transformers Control power transformers

(CPT) and voltage transformers (VT)

▪ Grounded breaker truck in and between 
test/disconnected and connected positions

▪ Voltages range 5kV class to 38kV class

▪ Arc Resistant per ANSI 37.20.7

Common in Mission Critical Applications due to safety and maintenance features


