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In today's world of manufacturing, motors provide the majority of power that is
used to convert raw materials into finished goods. In fact, over 50% of the work
completed in today's manufacturing plant is completed by electric motors. It is
estimated that this percentage will continue to increase for the foreseeable future.
With this great percentage of manufacturing capability relying on electric motors, it
is important to ensure that motors and their circuits are properly protected to
provide maximum operating time and minimum downtime. Improperly protected
motors/circuits in today's modern manufacturing plants can mean production
downtime losses from hundreds of dollars to tens of thousands of dollars per hour
besides the cost of in-process material that can be destroyed. It is no wonder that
over the last several years, an enormous amount of effort and resources has been
used by control manufacturers in the development of improved and cost-effective
short-circuit protection and overload protection devices.

This paper addresses many issues related to the proper understanding of short-circuit and overload protection
devices and how to select them. This paper covers the following subjects:

e FElectrical code requirements

e Basics of motor protection circuit breakers

e Basics of overload protection devices
— Thermal overload relays (bimetallic and eutectic alloy)
— Electronic overload relays

e Advanced motor protection

o Life of a typical motor installation

e Terminology
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Code Requirements

Whether you are designing motor circuits for use in North America, Europe, or any other part of the world, several
basic requirements are typically specified for a motor circuit. In the Unites States, the National Electrical Code (NEC) is
followed as the basis for most electrical installations. In Canada, the Canadian Electrical Code (CEC) is followed, and
in Europe, each country has its own electrical code requirements that must be met. Due to time and space
limitations, we will address code issues in reference to the NEC unless otherwise stated.

Article 430 of the NEC describes the requirements for installations involving motors, motor circuits, and controllers. In
Article 430, the requirements for motor branch circuit short-circuit, ground fault protection, and motor overload
protection are specified. Figure 1 identifies the control and protection components required for a motor branch
circuit.

Figure 1- NEC Article 430 Motor Branch Circuit Requirements
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Now that we have identified the components required by code to provide motor branch circuit protection, let's take
a closer look at the available types of overload protection devices that will meet code requirements.

Motor Protection Circuit Breakers

Motor Protection Circuit Breakers (MPCBs) combine the short-circuit and isolation functionality of a molded case
circuit breaker with the motor overcurrent protection of a traditional overload relay. These devices are traditionally
used in two-component starter applications, with a contactor to control a motor load. They can provide a




disconnecting means for motor branch circuit, branch-circuit and short-circuit magnetic protection, overload
thermal protection, and manual switching.

Figure 2 - Motor Protection Circuit Breakers
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In North America, electrical codes require that an individual motor branch circuit be protected by a UL/CSA listed
fuse, circuit breaker, or self-protected combination motor controller. The elimination of individual motor circuit fuses
or circuit breakers means significant panel size reduction. NEC Article 430-53 outlines the requirements for such
installations.

Approved for use in group motor applications in North America, it is possible to protect multiple motor branch
circuits below a single short circuit protection device.

When used as a UL Type E combination motor controller, you can eliminate the need for separate, upstream short
circuit protection device. (Figure 3).

Figure 3 - North American Group Motor Installation
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Motor Protection Circuit Breakers with Variable-Frequency Drives

The use of a motor protection circuit breaker or motor circuit protector (plus overload relay) for short circuit
protection is required in cases where a bypass of the variable-frequency drive (VFD) is used (for example, a

contactor).

In multiple motor applications NEC §430, part Ill, requires individual overload protection, that is, (thermal) overload
function, on the load side of a VFD only.

Cat. No. 140M-D8V motor protection circuit breakers are suitable for application at output of VFDs in multi-motor
installation. They can provide thermal overcurrent protection and also a disconnect means for the motor branch
circuit and manual controller (ON/OFF). these motor protection circuit breakers are rated to provide short-circuit
protection for individual motor circuit tap conductors, where required.

Figure 4 - Typical Multi-motor Installation with VFD
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In international markets, to comply with the IEC 61439-1 requirements, the IEC motor protection circuit breakers are
recognized and used as standalone short-circuit protection devices. Not until the available fault current exceeds the
interrupting capability of the motor protection circuit breaker do back-up short-circuit protection devices need to

be used (Figure 5).




Figure 5 - Motor Installations Qutside North America
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Several key benefits of using motor protection circuit breakers include the following:

(EHF
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e Provide useful "group motor ratings” for North American applications
e (Can be reset after fault occurs

e Visible trip indication

e Overload protection

e Provide local On-Off and isolation

Motor Overload Protection

Overload relays are used in a motor circuit to protect motors and motor conductors from damage caused by
prolonged periods of overcurrent circuit conditions.

Overload relays perform the following functions:
e Allow harmless temporary overloads (such as motor starting) without disrupting the circuit
e Will trip and open a circuit if current is high enough to cause motor damage over a period of time

e (Can be reset once the overload is removed

If motors are exposed to increased levels of continuous current and prolonged periods at locked rotor condition,
damage to the motor and motor circuit conductors can occur. Motors can be damaged or destroyed under any of
the following conditions:

e Low or high supply voltage

e Phase unbalance

e Continuous excessive loading
e Single-phasing

e Jam or stall conditions

e Ground/earth faults

e Mechanical failures such as seized motor bearing or binding mechanical linkages




Figure 6 - Importance of Motor Protection
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By selecting the proper type of overload relay with the appropriate functionality, the motor can be protected from
most damage caused by these conditions.

Overload relays are rated by a trip class that defines the length of time it will take for the relay to trip in an overload

condition. The most common trip classes are Class 10, Class 20, and Class 30. A Class 10 overload relay, for example,

has to trip the motor offline in 10 seconds or less at 600% of the full load amps (which is usually sufficient time for the
motor to reach full speed). Many industrial loads, particularly high inertia loads, require Class 30.

Figure 7 - Trip Class Comparison
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Types of Overload Relays

Today two basic types of overload relays are available: thermal (eutectic alloy and bimetallic) and electronic. Let's
take a closer look at each type of overload relay and their basic features.

Thermal Overload Relays

Eutectic Alloy Overload Relays

Eutectic alloy overload relays are typically used with NEMA motor starters. These overload relays use a solder type
alloy within heater elements. As current moves through the heater element, the solder is heated until a
predetermined melting point (trip point) is reached. At the trip point, the solder is instantaneously changed from a
solid to a liquid, allowing the ratchet mechanism to open a normally closed contact, dropping out the starter coil

circuit, Figure 8.
Figure 8 - NEMA Type Eutectic Alloy Overload Relay
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Key features of a eutectic alloy overload relay include the following:

ols

e Tamper-proof

e Not affected by nuisance tripping caused by vibration
e Manual reset only

e Single-phase "sensitive"

e Selectable trip classes 10, 20, 30

Bimetallic Overload Relays

Bimetallic overload relays use heater elements that indirectly heat bimetal strips. As the bimetal strips are heated,
they flex towards a trip point, at which time a normally closed contact will open, dropping out the starter coil,
Figure 9. In IEC bimetallic overload relays, the heater/bimetal are built in to the overload relay. To allow for added
flexibility, the overload trip setting is adjustable over a range of motor full load current settings. The typical FLA




setting range would be 1.0:1.5 (min. to max. setting). IEC bimetallic overload relays are typically designed to Class 10
trip characteristics. This means that the overload relay will trip in less than 10 seconds at locked rotor current.

Figure 9 - IEC Type Bimetallic Overload Relay
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Key features of an IEC type bimetallic overload relay are:

e Selectable manual/auto-manual reset
e Ambient temperature compensated
e Phase loss sensitivity

e Fixed Trip Class 10

Electronic Overload Relays

Electronic overload relays are the newest and fastest growing type of overload protection devices. Until recently,
electronic overload relays were large, costly, and impractical for use on the vast majority of small motors used in
industry today. With recent developments in electronic overload technology, the cost and size of the electronic
devices have been significantly reduced while the functionality has been greatly increased. The latest electronic
overload relay technology uses integral current transformers, application-specific integrated circuits (ASIC), and/or
microprocessors along with electromechanical design principles to produce a compact, high functionality overload
protection solution. Available in either NEMA or [EC versions, the principle of operation is the same. As motor current
passes through the integral current transformers, power is available to supply the integrated circuit. By monitoring
the three-phase power, the ASIC/microprocessor can process current data, and activate a trip mechanism on
overload conditions, opening a normally closed contact and dropping out the motor starter coil circuit, Figure 10.

A basic electronic design provides thermal overload and phase loss protection. Trip classes may be fixed or
adjustable at this basic level. Communication options may also be available.




Figure 10 - Electronic Overload Relay
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E1 Plus Overload Relay

The E1 Plus™ electronic offers a wide 5:1 adjustment range in two models. The ED model provides fixed protection
while the EE model provides selectable and expandable protection, and is available in single-phase and three-phase
applications

E1 Plus ED Model features:

e |EC configuration
e 0.1...45 Acurrentrange
e fixed motor protection (Class 10)

e manual reset
E1 Plus EE Model features

e NEMA and IEC configurations

e 0.1...800 A current range

e selectable motor protection (Class 10, 15, 20 or 30)
e selectable manual/auto-manual reset

e single- and three-phase devices

e expandable with optional protection and communication modules

Communication Modules

The E1 Plus Communication Side-Mount Modules provide a cost-effective, seamless deployment of motor starters
with your control architecture (See Figure 11).

Advantages

e includesintegrated I/O

— provides convenient local termination of motor-related inputs (2) and outputs (1), simplifying the control
architecture




e provides operational and diagnostic data
— average motor current
— percentage of thermal capacity usage
— device status
— trip and warning identification
— trip history (5 previous trips)
e expands protective functions
— overload warning
— jam protection

— underload warning

Figure 11 - DeviceNet™, EtherNet/IP™ and PROFIBUS Communication Modules
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Advanced Motor Protection

As a result of integrating a microprocessor or an application-specific integrated circuit (ASIC) as the brains of an
electronic overload relay, the opportunity to add advanced protective functionality to the overload relay becomes
very practical.

Figure 12 - Advanced Overload Protection Devices
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Besides basic overload protection, advanced electronic overload relay devices can offer additional functionality that
previously would have required several additional protection devices to be used in the motor circuit. By
consolidating many protective features into a single device, installation costs, component costs, panel size, and
maintenance time can be significantly reduced while performance and efficiency of the system can be increased.

The E300™ electronic overload relay consists of three modules: sensing, control and communications. You have
choices in each of the three with additional accessories to tailor the electronic overload for your application’s exact
needs.

Protection Methods
e Current Protection: This advanced electronic overload relay provides current protection through true RMS
current measurement of the individual phase currents of the connected motor. Based on this information, a
thermal model that simulates the actual heating of the motor is calculated. Percent of thermal capacity
utilization (%TCU) reports this calculated value and can be read via a communications network. An overload
trip occurs when the value reaches 100%.

¢ Voltage Protection: With the option of voltage protection, users can protect against voltage issues:
undervoltage, voltage imbalance, phase loss, frequency, and phase rotation.

e Power Protection: While the motor is powering a load, the optional sensing module with voltage, current,
and ground fault current, will also protect the motor based on power. This option will monitor and protect
for both excessive and low real power (kW), reactive power (kVAR), apparent power (kVA), and power factor
for a specific application (for example, pump applications).

¢ Energy Monitoring: The optional sensing module will provide voltage, current, power (KW, kVAR, and kVA),
energy (kWh, kVARh, kVAh, kW Demand, kVAR Demand, and kVA Demand), and power quality (power factor,
frequency, and phase rotation) information down at the motor level. This information can be included in a
company’s energy management system.

Communication Options

You can select from multiple communication options that integrate with Logix-based control systems:

e EtherNet/IP [Device Level Ring (DLR)]

e DeviceNet

Developers can easily add an advanced electronic overload relay to Logix-based control systems using Integrated
Architecture tools like Add-on Profiles, Add-on Instructions, and Faceplates.

Integrated Architecture® systems incorporate a full range of control and information solutions that blend
visualization, networking and system flexibility. The features included in Integrated Architecture solutions
communicate via EtherNet/IP, which can be used to gather information from various devices, and the key feature is
that any device that connects onto an EtherNet/IP network will integrate seamlessly with any other.

Integrated Architecture requires three components to control and monitor the electronic overload relays: Add-On
Profiles, Add-On Instructions and Faceplates.

Add-On Profile (AOP)

The E1 Plus or E300 Add-On Profile provides an easy method for you to integrate the electronic overload relay into a
Logix-based system. By selecting a device from the pull-down menu, you can configure the electronic overload
relay, collect data and have a way to save the configuration data. You can use RSLogix 5000° /Studio 5000 software
to do the configuration, which provides a common software package to not only program the controller, but to also
configure the electronic overload relay. The overload appears as native I/O within the controller and also creates
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readable tag names; rather than a generic name like “data’, it will provide a specific tag name such as “Output A" on
an E1 Plus Overload Relay. Add-On Profile features include:

e simple commissioning
e meaningful tag names
e device configuration

e automatic device configuration

Catalog | Module Discovery | Favortes |
[etectronic Clear Filters Hide Filters & |
4 Module Type Category Fiters I Module Type Vendor Fiters S
M Communication [ Alen-Bradley
M Communications Adapter [ Cognex Comporation
Controller [ Endress+Hauser
Digital [ FANUC Comoration
NDI4a Charhiase /1D ¥ EAMIIC Dakatina Aanadas hd
q [T il >
Catalog Number [ Description_ [ Vendor [ categoy |
193-ECM-ETR E300 Blectronic Overoad Relay, 2-Port Allen-Bradley MotorOveroad
E1Plus Blectronic Overoad Relay Communications Interface Allen-Bradley Communication
2 of 279 Module Types Found
™ Close on Create Crezte Close Help |
4

E1Plus AOP
e configuration tags such as

— overload warning
— jam protection
— underload warning
e (2)inputand (1) output tags

e operational and diagnostics data such as

percentage of FLA and TCU

trip history (5 logs)

trip and warning identification

device status
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Add-On Instruction (AOI)

The E1 Plus or E300 Add-On Instruction allows you to encapsulate the code and data commonly used in functions or
device control, and protect intellectual property. The AOI along with the pre-configured faceplate permits program
control from the faceplate or the Logix program, and allows you to view diagnostics from a remote HMI. After the
Add-On Instruction is imported into a RSLogix 5000/Studio 5000 project, it can be added as a rung component into
the ladder logic. After the Add-On Instruction is added to the ladder logic, you provide it with the electronic
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overload relay and specify the inputs, outputs, and any required parameters. The Add-On Instruction is typically
added to the Main Routine in the RSLogix 5000/Studio5000 project. These AOIs can be found in the “Sample Code”
website.

E1 Plus AOI
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For example, the first two rungs shown above enable Program Control of the E1 Plus Overload Relay. Command
requests (Cmd) can be initiated from either the Logix Program (ProgOperReq) or FTViewME/SE E1 Plus Faceplate
(OperOperReq).

E300 AOI
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For example, the first two rungs shown above, enable Program Control of the E300 Overload Relay. Command
requests (Cmd) can be initiated from either the Logix Program (ProgOperReq) or FTViewME/SE E300 Faceplate
(OperOperReq).

Faceplate

The E1 Plus or E300 Faceplate is a pre-programmed graphic that is used in a FactoryTalk View project that allows you
to easily use preconfigured status, control, and diagnostics displays. When used in combination with an Add-On
Instruction, it becomes a very simple way to add graphics into an Operator Interface. These faceplates provide real
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time data such as Full Load Amperage (FLA), Thermal Utilization, Trip Status and other valuable information from the
electronic overload relay. You can also trend data over a period of time to help with diagnostics or integrate these
faceplates into a PlantPAx solution. The faceplate is also an easy way to access data, view maintenance information,
and control the process using pre-defined graphics that exist for the electronic overload relay.

E1Plus

Home display information examples

« Trip Status
» Average Current
+ %FLA

E1 Plus |X]

" P& ©

Trip Reset

Trip =
Output A
OutputA =
Warnhing = Ave Current

Amps
MtrCurrent = (Amps)

Input1 =33 |nput2 =
; e % FLA

Operator | Program | 0
I

Trend display information examples

« Average % FLA
+ 9% Thermal Utilized

E1Plus
B @

Monday, January 10, 2011

VA

18
12
HextPen
[
0
lPause

42549 PM 4.40:49 PM

COAQ%FLA B %ThermMilized !
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E300

Home display information examples

« Trip and Warning Status
« Average Current
« 1/0 Status

E300

Trip = Warning &=
Gnd Fault = Input0 =
MtrCurrent =3 Input1 &
Voltage == Input2 &
Output0 = Input3 =
Output1 =
Output2 &=
Avg Current
2.24

E ©

Trip Reset

_Output0
Output 1 |
Output 2

Operator

Trend display information examples

« Average % FLA
+ 9% Thermal Utilized

‘ E300

] P&

x]
E ©

Wednesday, June 11, 2014 ‘

2:55:46 PM 3:10:46 PM

[IAv0%FLA - B %ThermUtilized !

Next Pen

Pause

E300 with CIP Energy"

Energy display information examples

+ \Voltage
« Current

» Real, apparent and reactive power

« Energy consumption

E300

(x]
@

E300 IX]

V4R ) PWR E @

Trip = Warning = VOLTAGE (VOLTS) CURRENT (AMPS)
GndFault = Input0 = | Trip Reset L1-L2: 23000 | L1: 221
MtrCurrent = Input1 = | Qutput 0 L2-L3: 231.30 L2: 231

Voltage =2 Input2 = | Oytput1 | L3-L1: gzg L3: g:
OO S Input3 = | it AVGL-L: ; AVG: ;
Output1 = Elutbute-y) %UNBAL: | 00 | %UNBAL: [ 30 |
Output2 = t;: gﬁ
Avg Current D5 - EREQUENCY (HZ)
g Operator | | L3t am_ ) LEEL
= AVGL-h:| 000
E300 E300
7o\ ey
X & vr E @ | & & vFPwR @
L1: 0.04 :29 %%s kWh Consumed: 000000000.130
B 005 030 0 KWh Generated: 000000000.000
i3 [ oo 029 029 s Het: 000000000130
TTL: 0415 087 0.88 kVARh Consumed: 000000000 588
Power Factor Phase Rotation KyaRtiGenerated: 000000000.010
L: 1440 ACB | KVARh Het: 000000000.577
L2: -17.80 kVah Het: 000000000.639
L3: -19.30 Power (kW): 150.000
TIL| 1710

(1)  This information will vary depending on the sensing module. This example is using the VIG sensing module.
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Distributed 1/0

The E1 Plus communication module such as the EtherNet/IP network module provides convenient local termination
of motor-related digital inputs (2) and outputs (1), simplifying the control architecture.

The E300 provides embedded /0O depending on the Control Module selected. Customers can expand out four
digital I/0 modules, plus four analog I/O modules along with a power supply and operator interface for control and
diagnostics.

Figure 13 - E1 Plus EtherNet/IP Communication Module I/0
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Example Application

Figure 15 shows the E1 Plus communication module “Output A" connected to the contactor coil. The contactor coil
is energized until it sees an overload condition. The overload then de-energizes the coil, which opens the contactor
and prevents the motor from running. This helps to protect the motor from any damage.
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Figure 15 - 193-ETN Communication Module Output Controlling the Contactor Coil
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EtherNet/IP Network

The E1 Plus and E300 Electronic Overload Relays connect to an Ethernet network and can be configured to
communicate to an EtherNet/IP scanner such as an Allen-Bradley Logix controller. The overload relays have web
capabilities that allow you to read information and configure parameters via a web browser. In addition, it also
supports an SMTP server to send e-mail or text messages in the event of a warning or trip condition. The E1 Plus
supports a Star Ethernet topology in which all Ethernet nodes wire back to a central Ethernet switch, hub, or router.
The E300 has dual Ethernet ports that function as an Ethernet switch with RJ45 ports to connect Ethernet cable CAT5
type or better to. The E300 supports a Star, Linear, and Ring Ethernet topology in which all Ethernet nodes wire back
to a central Ethernet switch, hub, or router.

Figure 16 - E1 Plus Web Page
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Figure 17 - E300 Web Page
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CIP Energy

CIP Energy is a communications protocol that enables the exchange of energy information over the EtherNet/IP
network. It makes energy data available over the network providing easy access to energy information, and allows
greater visibility into energy usage at the operational level for easier baseline data creation. This helps optimize
energy usage during production and diagnose potential problems with the specific machine or process.

By using the E300, you will have the ability to monitor valuable data such as voltage, current, energy, power, and
other parameters. This will create awareness of energy consumption use at the equipment level allowing you to
adjust energy usage of the machine and optimize tariff arrangements or demand-response programs with utilities.

How application works

In an example application where you are starting a machine with multiple motors simultaneously: You will have the
ability to trend the E300 power parameters/load profiling. This allows you to identify and analyze power usage over a
period of time or at startup. Furthermore, you can use demand management and/or load curtailment allowing you
to understand “when” and “why” demand charges occur. By analyzing the data, you can make decisions to reduce
electrical power cost, like scheduling motors to start up individually. This will reduce or limit the peak demand of the
system.
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Figure 18 - CIP Energy Monitoring Example
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Diagnostic Information

Advanced electronic overload relays provide a wide variety of diagnostic information to monitor motor
performance, proactively alert you to possible motor issues, or identify the reason for an unplanned shutdown.
Information includes the following:

e \Voltage, current, and energy
e Trip /warning histories

e % thermal capacity utilization
e Timetotrip

e Time toreset

e Operational hours

e Number of starts

e Trip snapshot




Table 1 - Advanced Electronic vs. Traditional Overload Relays

| Thermal | Electronic Advanced Electronic

Protection Features
Overload v

Phase loss —

Ground fault —
Current imbalance v
Jam —
Over-/undervoltage —
Voltage imbalance — —
Over-/under power — —

N NNSY

Diagnostics Features

% Full load amperes — v
% Thermal capacity utilization — v
Voltage — —
Power — —

Energy — —

Integration Features

DeviceLogix — —
Logix controller — v

NN (NSNSSYN (NSSSSSSN

Advanced Motor Protection Diagnostics (predicting motor life)

The E1 Plus optional side mount modules allow you to customize the device to your application’s specific needs.
(Side mount modules are only available on the -EE model.)

e communication modules such as EtherNet/IP, DeviceNet and ProfiBus
e protection modules such as ground fault, jam, and protection

e reset modules such as remote reset and remote indicator

The E1 Plus communication module such as the EtherNet/IP network module allows direct access to motor
performance and diagnostic data on an Ethernet-based network. Provides operational and diagnostic data such as
% full load amperes (FLA), % thermal capacity utilization (TCU), trip/warning identification and five previous trips
history log.

The E300 overload relay provides real-time motor diagnostic information to proactively indicate when a motor is
having a problem allowing you to efficiently troubleshoot. It allows the user to monitor the following diagnostic
information over a communications network:

e device status

e history of past five trips and five warnings
e trip status

e % thermal capacity utilization (%TCU)

e warning status

e hours of operation

e timeto an overload trip

e number of starts

e time to reset after an overload
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e trip history and snapshot
e current
e Voltage

e ground fault current

e power
e voltage
e energy

The E300 supports one operator station that can be used as a user interface device. There are two stations that
provide status and functions keys for motor control and allow you to upload and download E300 configuration

parameters.:

e control station

e diagnostic station

Figure 19 - E300 Control Station Webpage
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Figure 20 - E300 Diagnostic Station Webpage
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For example, you can monitor the electronic overload %TCU (real-time heat) and %FLA (current draw) of the motor,
providing you an indication as to when the overload might trip. When these values reach 100%, the electronic
overload relay will force an overload trip. You can make critical decisions based on these values, like changing the
process in order to prevent the overload from tripping. This information is useful when protecting an expensive
system and reduce repair time when problems arise.

Life of a Typical Motor Installation

Over the life of a typical motor installation, several different fault conditions can occur, from high level faults such as
short-circuits or ground faults to low level faults such as overloads and jam conditions. When selecting motor circuit
protection devices, several questions should be raised:

e s the motor circuit critical to the manufacturing process?

e What s the "total cost" of downtime in the application?

e Isthe application more susceptible to certain types of fault conditions?
e Is Type 2 Coordination important?

e Dol need to collect motor data and be warned of impending fault?

e Arefuses or circuit breakers preferred for short-circuit protection?

Dependent on the answers to these questions (and possibly many others), the process can begin to specify the type
of products required to adequately protect the motor circuit. For less critical applications such as a fan or blower,
where critical manufacturing processes or safety issues are not a consideration, meeting code requirements with
fuses and a traditional overload relay may be the ideal solution.
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On the other hand, in a critical application, where the manufacturing process relies on a continuous flow of materials
and downtime can be very costly, the best protection solution may require the following capabilities:

e selecting a short-circuit protection device that provides Type 2 Coordination
e selecting a electronic overload device that provides:

— ground fault protection

— jam/stall protection

— network communications to more closely monitor the motor data and application

Application Considerations

By properly outlining the application requirements and selecting the appropriate protection components, the
optimum implementation costs and motor circuit protection scheme can be developed to optimize the maximum
life and performance of the motor and application.

Downtime

From time to time, a motor protection device will cause an electric motor to stop working due to improper wiring,
an electrical issue, a mechanical anomaly, or internal motor damage. When an unplanned event like this occurs, how
does your facility handle this situation? Any time a critical motor expectantly stops your process, what is the cost of
this lost production? How do you choose the right type of motor protection for your manufacturing facility?

The answer to this question most likely depends on your lost production revenue (cost of unplanned electric motor
down time). If lost production revenue is minimal, you might want to consider using a basic bimetallic or eutectic
alloy-based motor protection. These types of motor protection products meet the minimal government
requirements, and they prevent internal thermal damage to the electric motor. The main drawback is that they do
not provide any advanced warning that an event is about to occur, and they do not provide any information about
why the event occurred.

If lost production revenue is substantial, you may want to consider using electronic-based motor protection. These
types of motor protection products meet government requirements of thermal protection, but they also provide
other types of electrical-based protection such as phase loss, asymmetry, improper voltage, rotation mismatch,
ground fault (earth leakage) current, and more. Advanced electronic motor protection devices provide
communications capabilities to alert for possible motor problems, project when the motor is going to stop, and
indicate the reason why the motor stopped unintentionally.

For example, in a pumping application, electronic motor protection devices can simulate the internal temperature of
an electrical motor providing mechanical power to a pump. They can send an alarm by text message or email if the
heat rises beyond a specified level. They can also be integrated into an existing SCADA infrastructure using
communication networks such as EtherNet/IP to provide advanced warnings and help you avoid costly downtime.

Electronic motor protection devices cost more than a basic bimetallic or eutectic based motor protection device,
but it can be significantly less compared to the cost of your unplanned electric motor down time.

Motor Life

It's a common occurrence to push a product a little too hard. When a motor is overloaded and we are aware of it, we
generally know that we need to shut it down and wait for it to cool, or a safety switch will do the job for us,
preventing overheating.
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When this happens too often, however, the motor life is permanently shortened, causing the potential for
unforeseen downtime while the overheated motor shuts down, cools off and gets ready to start again.

Older (electromechanical) motor protection technology will protect a motor from overheating by shutting the
motor down — but that'’s reactive (after the problem) rather than proactive. Production stops while the motor
recovers — potentially risking hundreds of thousands of dollars in revenue.

Instead of an electromechanical solution, there are electronic-based options that can monitor the motor electrically
and mechanically — these options can help you predict how and when a motor might fail so you can pre-empt the
problem. If the motor does fail, the diagnostics will help you resolve the problem as quickly as possible.

The secret of electronic overload relays for electrical motor protection is in how information about what's happening
inside the motor is communicated to the outside world. It can help to more accurately predict when a motor might
fail so you can make a decision about how to proceed.

In many cases, every second counts. In a cement mixing application with 30 seconds left in the process and an
impending motor trip in 45 seconds, timely information will let you finish mixing the batch without risking the
product or the motor. Better data leads to better decisions.

This is only one example of the data available. If youre on an energy management agreement and several times a
year your utility wants you to cut usage, with data provided by the electronic overload relay, you can quickly assess
how much power (kW) each motor is using and shut down non-critical loads.

Rather than relying on maintenance personnel to notice a shutdown and call it in, electronic-based motor
protection can send a signal to the control station and a message to maintenance before the shutdown. If the motor
does trip, all the data about the event is captured for examination to help prevent a repeat in the future. Electronic
overload relays also present a significant cost saving opportunity. If there is something critical in your application,
than you may wish to consider an electronic overload instead of a thermal option.

Figure 21 helps you to compare your electric motor application to better decide which overload is the right solution
for your application. How do you begin the selection process? The answer to this question depends on the specific
electric motor application and its impact to lost production revenue due to unplanned electric motor down time.
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Figure 21 - Application Examples
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Figure 22 - Life of a 40 Hp Motor
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Table 2 - Protection Types Available from Overload Protection Devices

Fault Type
Short-Circuit | Ground/Earth Overload Phase Loss Jam/Stall Impending Trip
Fuses or Circuit Breakers
Traditional Overload Protection Devices Respond§ uiiy
Overload Trip Curve
Protection Advanced Protection via Network
; . Communications
Device Trip due to 9 i
Type low-level Electronic Overload Protection Devices : F{?]Z?:Lmnglalc:r?featy used
ground fault — Start-Stop reset control
— Restart limit
High-level faults Low-level faults
Terminology

To help understand Coordinated Motor Circuit Protection, you must be familiar with the characteristics and
definitions related to fuses, circuit breakers, overload relays, short-circuit, and overload protection.

Ampere Rating- The continuous current carrying capability of a fuse or circuit breaker.

Ampere-squared Seconds (It) - An expression related to the thermal energy associated with current flow.
Available Fault Current - The maximum possible short-circuit current that can flow in an unprotected circuit.

Circuit Breaker - A device designed to open and close a circuit by non-automatic means and to open the circuit
automatically on a predetermined overload current.

Clearing Time - The total time measured from the beginning of the fault to the interruption of the circuit.

Current-Limiting Circuit Breaker - A circuit breaker that does not employ a fusible clement and that when

operating within its current limiting range, limits the let-through It to a value less than the It of a 1/2 cycle wave of
the symmetrical prospective current.

Current Limiting Fuse - A fuse which will limit both the magnitude and duration of current now under short-circuit
conditions. The available fault currents a fuse will clear in less than 1/2 cycle, thus limiting the actual magnitude of
current flow.

Fuse - An overcurrent protective device with a fusible link that operates to open the circuit on an overcurrent
condition.

High Level Fault - Short-circuit currents between the threshold current of a fuse that would be used for the branch
circuit protection of a motor in a given application and the test current for the controller of that motor, per the
short-circuit test of UL 508.

Interrupting Rating - The maximum short-circuit current that an overcurrent protective device can safely open or
clear.

Let-through Energy (I%t) - A measure of thermal energy developed within a circuit during the total clearing time of
the fault current.

Low-level Fault - Short-circuit currents that are less than the threshold current of a fuse that would be used for the
branch circuit protection of a motor in a given application.
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Overcurrent - A condition existing in an electrical circuit when normal current is exceeded. Overcurrents occur in
two distinctly separate forms -overloads and short circuits.

Overload - An overcurrent that exceeds the normal full-load current of a circuit.

Peak Let-through Current (I,)- The maximum instantaneous peak current passed through a short-circuit
protective device when clearing a fault current of specified magnitude.

RMS Current - The effective, root-mean square value of current, and the measure of its heating effect. The RMS value
is calculated as the square root of the mean of the squares of all the instantaneous values of the current throughout
one cycle. RMS alternating current is the value of an alternating current that produces the same heating effect as a
given value of direct current.

Short-circuit Current - Excessive current caused by insulation breakdown or wiring error. Short-circuit currents
leave the normal current carrying path of the circuit, such as line-to-line or line-to-ground. Short circuits are typically
detected and cleared by the branch circuit protective devices.

Single-phasing - The condition that exists when one phase of a three-phase power system opens. Single-phasing
results in unbalanced currents and overheating in polyphase motors and other three-phase inductive devices.
Proper selection of dual-element time-delay fuses and/or protective relays will help protect motors from damage
during single-phasing conditions.

Threshold Current - The magnitude of current a which a short-circuit protection device becomes current limiting.

UL Class of Fuse/CSA Fuse Designations - Underwriters Laboratories and the Canadian Standard Association have
developed basic physical specifications (size, rejection features, labeling) and electrical performance requirements
(interrupting rating, maximum I, and 1) for fuses with voltage ratings of 600 volts or less. If a fuse meets these

requirements, it can be designated by a UL class of fuse or a CSA fuse designation. Typical UL fuse classes are K1, K5,
RK, RK5, J, T, and CC. Typical CSA fuse designations are HRCI-T HRCI-R, HRCI-J, and HRCII-C.

Voltage Rating - The maximum value of system voltage in which a fuse can be used and safely interrupt an
overcurrent. Exceeding the fuse voltage rating impairs its ability to clear an overload or short-circuit safely.




Rockwell Automation maintains current product environmental information on its website at
http//www.rockwellautomation.com/rockwellautomation/about-us/sustainability-ethics/product-environmental-compliance.page

Allen-Bradley, Rockwell Software, Rockwell Automation, and LISTEN. THINK. SOLVE are trademarks of Rockwell Automation, Inc.

Trademarks not belonging to Rockwell Automation are property of their respective companies.

www.rockwellautomation.com

Power, Control and Information Solutions Headquarters

Americas: Rockwell Automation, 1201 South Second Street, Milwaukee, W1 53204-2496 USA, Tel: (1) 414.382.2000, Fax: (1) 414.382.4444
Europe/Middle East/Africa: Rockwell Automation NV, Pegasus Park, De Kleetlaan 12a, 1831 Diegem, Belgium, Tel: (32) 2 663 0600, Fax: (32) 2 663 0640
Asia Pacific: Rockwell Automation, Level 14, Core F, Cyberport 3, 100 Cyberport Road, Hong Kong, Tel: (852) 2887 4788, Fax: (852) 2508 1846

Publication 193-WP008B-EN-P - February 2016

Supersedes Publication 193-WP00BA-EN-P March 2015 Copyright © 2016 Rockwell Automation, Inc. All rights reserved. Printed in the US.A.


http://www.rockwellautomation.com/rockwellautomation/about-us/sustainability-ethics/product-environmental-compliance.page

	Low Voltage Motor Protection
	Code Requirements
	Motor Protection Circuit Breakers
	Motor Protection Circuit Breakers with Variable-Frequency Drives

	Motor Overload Protection
	Types of Overload Relays
	Thermal Overload Relays
	Electronic Overload Relays

	Advanced Motor Protection
	Communication Options
	Distributed I/O
	EtherNet/IP Network
	CIP Energy
	Diagnostic Information

	Life of a Typical Motor Installation
	Application Considerations
	Downtime
	Motor Life

	Terminology
	Back Cover



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


