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What are relays?

Relays are fundamental devices used for switching electrical circuits on or off.
They function like toggle or limit switches but use electrical control sig-
nals, instead of human hands or physical contact, for operation. They are
typically used to provide electrical isolation and to allow low power circuits
to operate higher power circuits.

Why are Relays Used?

The purpose of a relay is essentially to amplify a control circuit to drive a
larger or different power circuit. Relays allow separate, low-power circuits,
such as the digital outputs of a programmable logic controller, to control
circuits operating at higher or different voltages and current. The control
and power circuits can remain isolated from each other and even use com-
pletely different voltages.

Relays can also perform logical functions when their contacts are wired in
various series and parallel circuits. Older control systems, such as elevator
systems with complicated control schemes, were effectively “programmed”
by hard-wiring hundreds of relays and timers in complex combinations.
These relays are known as “control relays” because they drive the logic typi-
cally used to control power relays.

These relay-based control systems were typically mounted near the ma-
chinery in large enclosures. As the designs evolved and became more
complicated, installing and maintaining these large relay control systems
became increasingly difficult. This progression in complexity eventually led
to the development of the PLC (programmable logic controller), which has
traditionally used ladder style programming logic, readily understood by
maintenance electricians and plant engineers.

Today, most automated systems use PCs or PLCs to execute logic and con-
trol relays that interface with high-powered equipment. It is a common
practice to use relays for isolation and to protect the digital control system;
as a result, people often refer to them as “interposing or “interface” relays.



How do relays work?

Common relays are electromechanical devices that have an electric solenoid coil on the
“control”side of the circuit that, when energized, moves mechanical contacts on the“load” side.

Electro-mechanical relays use a small electrical control signal to shift contacts operating a separate
circuit. The spring opposes the electro-mechanical action and returns the contact to its rest state when
the coil is de-energized.

Electrical Ratings

Relay coils are rated to operate at specific voltage and current levels when energized.
The minimum voltage required to energize a relay is the “pickup voltage”and is usually
about 80% of the rated voltage. The relay will de-energize when the voltage falls below
the “dropout voltage!” Relays frequently require a higher initial “inrush” current to
energize them, but a lower holding current is acceptable to keep them energized.

The output contacts, rated for various voltage and currents, control the high-power side
of the load. When the contacts are isolated from the coils energized by the input, which
is usually the case, they are called dry contacts. The external voltage connected to a dry
contact is often called the wetting voltage.

AC vs DC Relays

Relay coils are available in a variety of AC and DC voltages, so they must be selected to match the
available control circuit voltage. AC coils are not polarity-sensitive but may experience hum or
slight noise when energized. DC coils are usually polarity-sensitive and must be wired correctly to
function.

Because contacts have a voltage rating, they must be selected to handle the requirements of the
load. The contacts must be able to suppress the electrical arc that forms as they are opened. The arc
is more easily quenched with AC than with DC power. As a result, more robust contacts are required
for DCloads than similarly rated AC loads.

Relay contacts are designed to switch the rated current through millions of operations. Contacts
rated for high current use special metals and designs to quench arcing. Gold-plated contacts are
often required for conducting very low voltages and currents. The contacts are usually designed
to slide against each other when making or breaking, creating a mechanical wiping action that
protects against the buildup of corrosion and oxidation.

Special Relays
Basic relays are simply on/off devices, reverting to the off position when the coil is de-energized.
However, a relay may be bistable or latching, alternating states each time the coil is energized and
remaining in the last state until the coil is energized again. Other relays have built-in functions such
as timer on-delay and off-delay functions. There are even smart relays that function similarly to tiny
programmable PLCs.
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How do relays work? (cont.)

Relay Contacts

Therelay contact wiring terminations are designated as normally open (N.O.), normally closed

(N.C.), and common (C). Also, three relay forms define the contact action at the terminals:

. Form A - normally open (N.O.) contacts pass power between the Common and N.O.
terminals when the coil is energized

. Form B - normally closed (N.C.) contacts interrupt power between the Common and N.C.
terminals when the coil is energized

+  Form C-N.O./N.C, changeover, or transfer contacts pass power between Common and
N.O.terminals and interrupt power between Common and N.C. terminals simultaneously
when the coil is energized

Relays can have many different contact arrangements and configurations. The number
of “poles” refers to the number of isolated output contacts a relay has. The most common
configurations are single-pole (SP) and double-pole (DP). The term “throw” refers to the
contact action. A Form A or B contact would be single-throw (ST), and a Form C contact
would be double-throw (DT).

Relay Installation

Relays can have screw terminals, pigtail wires, or solder connections. Older style relays
and relays designed for higher current may have an open style with exposed electrical
connections. Newer, smaller designs are usually touch-safe, so users are less likely to contact
the energized parts. For most industrial applications, a relay is used with a socket which can
be panel mounted or clipped onto a DIN rail. All the wiring terminations are made at the
socket, so the relay can be easily removed and replaced. There are many socket sizes and
formats; the two most popular are the blade style and octal pin formats. Smaller control
relays are often called ice-cube relays because they resemble a cube of ice.



How do relays work? (cont.)

Relay Options
Depending on the need, relays are available with options such as indicator lights, mechanical
indicator flag, mechanical push-to-test button, and diode or surge suppression protection.

Surge Suppression

Devices with inductive coils, like solenoid valves and motor starters, can produce high
voltage spikes that can damage output devices and nearby electronic equipment. It is always
recommended to use some form of surge suppression to eliminate these voltage spikes.

Inductive loads generate transient voltages when their coils are de-energized. These transient
voltages can be many times greater than the coil voltage, damaging devices in the circuit
and causing unreliable operation in neighboring electronics. It is essential to manage these
transients with surge suppressors to extend the life of connected components and provide
reliable control system operation.

Electromagnetic interference (EMI) is a destructive side-effect caused by the arcing across
relay contacts. The arcing causes a current surge, releasing RF energy along the entire
length of the wire, turning the whole circuit into an antenna that radiates RF energy. The
RF energy frequently affects adjacent circuits and may disrupt local PLC systems and
other sensitive electronics, causing stable control systems to behave unpredictably.

Design Considerations

Designers must ensure that control circuits are compatible with relay coils, verifying that
a PLC output has enough current to energize the relay. Relays often have separate current
ratings for inductive and motor loads than resistive loads because the contacts must also
be able to handle the large inrush currents frequently required to start inductive loads.
The designer must ensure that the relay contacts are suitable for all operating conditions.
Because relay coils consume power and generate heat, designers must also make provisions
for the additional heat load.

Specifying surge suppression is essential for PLC systems. Although PLC outputs often include

integrated suppression circuits, they cannot handle all transients. So, it is usually necessary to
add transient suppressors when interfacing with relays.
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Types of Relays

Electromechanical Relays

Electromechanical relays receive an electrical input that magnetizes an internal coil,
causing the relay’s contacts to open or close. These relays serve a wide range of industrial
applications and are available in a variety of styles to fit specific applications.

Slim interface relays are highly
compact and lightweight relays,
especially useful where cabinet
space is a consideration.

Ice cube relays are designed for high
power control applications in machines and
control panels.

Power relays are highly reliable
and durable, can be used
for applications requiring a
maximum contact voltage
of 600 VAC, and are capable
of switching load currents up
to 40A.

Hazardous location relays
are hermetically sealed
units for installations in
hazardous locations. These
relays are vibration/shock
resistant and can be used
in washdown applications.

Slim card relays are space-saving
relay terminal modules containing
multiple relays with one contact
each, ideal for use as interposing
relays between control and power
circuits.

Force guided relays provide fail-
safe operation by mechanically
linking the N.O. and the associated
N.C. contact. This ensures that one
contact is closed while the other
is open, preventing damage to
equipment.



Solid State Relays

Solid state relays (SSR) are similar to electromechanical relays because both use a control circuit and a
separate circuit for switching the load. Solid state relays use electronic components to switch the circuit
on or off. When voltage is applied to the input of the SSR, the relay is energized by a light-emitting diode.
The light from the diode is beamed into a light-sensitive semiconductor which signals the control circuit
to turn on the output of the solid state switch. With no moving parts, these relays are ideal for applications
requiring many contact closures and extended life.

Solid state relays energize in one of two ways:

Zero-crossing relays wait for the AC signal to cross zero before energizing, ideally suited for
most commercial and industrial loads such as resistive heating elements, lamps and ballasts,
and any other load with low initial impedance or capacitive characteristics. They are preferred in
applications with some level of capacitance as they can minimize surge currents during the first
conduction cycle.

Random turn-on (asynchronous) relays do not wait for the AC signal to cross zero before

energizing and are commonly used with inductive loads (motors, contactor coils, transformers),
where the phase shift between voltage and current would be an issue with zero-crossing relays.

Watch https://go2adc.com/relay-vid

Solid state relays are available in several form factors.

Panel-mountrelays
feature a high load
rating in a finger-safe
“hockey puck”housing.

DIN-rail mount solid

state relays offer energy-
efficient current switching
in a slim housing ideal for
space-saving applications.

Socket-mount
solid state relays
offer convenient
installation and
removal.
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Electromechanical vs. Solid State Relays

Since the introduction of solid state relays (SSRs) some decades ago, the debate over
which is better, solid state or electromechanical relays (EMRs), has gone on. The answer is
each one has its good and bad points. But in terms of specific application requirements, clear
winners emerge.

When used as intended, solid state relays will perform indefinitely, usually outlasting the
equipment in which they're installed. They operate silently and produce little electrical
interference. SSRs will function over a wide range of input voltages and consume little
power even at the high-voltage limit. They don't produce any arc, making them suitable for
hazardous environments. Most AC switching types employ “zero-voltage crossover,” which
minimizes surge currents.

SSRs have no moving parts, so physical shock, vibration, or changes in altitude won't affect
them. SSRs aren't really relays at all, but rather electronic circuits. Typically, an SSR’s input
consists of an opto-isolator, while its output is a triac, SCR, or FET. One negative aspect of
an SSR is that semiconductors are never completely on or off. In the on-state, substantial
resistance is present, which can lead to significant heat generation when current is flowing.
So SSRs must be mounted on heatsinks, often several times the relay’s weight. They're
sensitive to ambient heat and must be derated if used in hot environments or with less than
optimal heatsinks.

In some applications, the on-state voltage drop can cause problems for loads sensitive to
reduced voltage. The resistance goes up when the input is off, but the output circuit path isn't
completely open. Off-state resistance permits enough current flow at higher voltages to be
objectionable, even dangerous.

Under normal service conditions, SSRs seldom fail. But when they do, they nearly always
fail shorted. The user might not realize that the relay has failed. When exposed to surges
or spike voltages on the controlled line, SSRs may conduct for as much as one half-cycle
after the surge has stopped. Most solid state relays require a minimum load to function and
only switch AC or DC loads, but not both.

When an electromechanical relay (EMR) expires, it's usually due to coil failure. While contacts
can weld if heavily overloaded, this is a rare occurrence for a properly designed application
and is usually self-evident. EMRs can switch any AC or DC load up to their maximum
rating. Their contact resistance diminishes as the load increases, eliminating any need for
heatsinking. Although EMRs require substantial coil power, they operate at full load over
a wide temperature range.




Multi-function Relays

Timer Relays

Timer relays provide simple, cost-effective control of process and machine tools. They are

configured via a mechanical dial or an LED digital display. Operation modes may include:

e On-delay: the output turns ON after a preset time is reached (timing example below)

o Fleeting (flicker): the output cycles between ON and OFF for the duration set by the
preset time

+  One-shot (on-interval): on the rising edge of the start signal, the output turns ON for
the duration of the preset time

«  Off-delay: the output remains high for a preset duration after the input goes low

On-delay (PO)

T T T
Power 2-10 | | |
Start signal 2-6 —| —| |_| ,7—|
Reset signal 2-7 I_l
TimedNC 14 T ] | | -
Timed NO ;-3 I 1 mE
mdicatorpower [IOOOO0T 1000001 M[AOOOOC]
Indicator UP [ 1 | .

Counter/Timer/Tachometer
These multi-function devices are versatile relays that can be configured in a number of ways,
operating as a digital counter, timer, combination timer and counter, or tachometer.

Programmable Relays

A programmable relay is a device that includes several inputs and outputs providing relay,
timer, and counter functions in a single unit that can be programmed with simple logic
operations.

A common misconception about programmable relays is that they are easier to program
than PLCs, but this is not always true. A programmable relay is very good at executing its
configurable, built-in functions but is not nearly as flexible as a PLC for applications requiring
customization. Once more than a few I/0 points are needed, the coding complexity for a
programmable relay is very similar to a micro PLC. The option of coding a programmable
relay from its built-in display is not practical for all but the most basic applications.

Although programmable relays provide simple installation, minimal wiring, and user-friendly
programming, micro PLCs can make the same claim. Either option works well in small
automation applications. However, a micro PLC such as the CLICK series offers more flexibility
in 1/0 configuration and application programming for about the same cost.
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If it’s in your cabinet...

...it’s online at AutomationDirect.com

Programmable
Controllers

You([T)

Productivity°Open Arduino-
compatible industrial controller

Productivity1000 micro-modular
PLCs
Productivity2000 micro-modular
PLCs

Productivity3000 modular PLCs

Do-more® BRX, H2 and T1H series
PLCs

CLICK® and CLICK PLUS micro brick
PLCs

Numerous I/O expansion modules
available including discrete, analog,
temperature and high-speed
(depending on model)

«+ DirectLOGIC® components still avail-

able for maintaining legacy systems

+ 10-Link master mod-
ules, hubs, and a vari-
ety of I0-Link enabled

devices

+ Distributed I/O
with Modbus TCP,

EtherNet/IP, Modbus

RTU, DeviceNET
communlcatlon
options

«+ Various combinations
of discrete (AC, DC,
rela?/, high-speed) and

o

)
analog inputs and
outputs available

= Universal
Field I/0

HMI/Operator
Interface

C-more® operator interface

HMI touch panels in various sizes
up to 15 inches with wide screen
options available

C-more headless HMI - same func-
tionality as C-more touch panels
without display size restrictions

C-more Micro text and touch panels -
3,4, and 6-inch models available
starting at only $101

C-more and C-more Micro HMI
design software free to download

ViewMarq® LED message displays
ATLAS® industrial monitors



AC and DC Drives

Software

+ DURAPuLse® variable frequency
AC drives up to 300hp, featuring GS10, GS20,

GS20X, and GS4 series

« WEG CFW100, CFW300 and CFW500 AC drives
up to 60hp, depending on series

- WEG CFW500 drives u
up to 30hp and DURA

to 20hp, IronHorse® AC drives
ulse GS20X drives up to 10hp

availaible in a NEMA 4X enclosure
« lronHorse DC drives up to 3hp

« Drive accessories

Soft starters up to 480A

Free PLC
programming
software (download)

Configuration
software packages

for a variety of process
instruments

Free motion control
systems’ configuration
software (download)

Motors and
Motor Controls

What our current customers think:
www.automationdirect.com/reviews

Free HMI

programming

software (download)
Free AC drive configura-
tion and programming
(built-in PLC) software
(download)

Process

IronHorse general 6)urpose
AC motors up to 300hp

Stainless steel and white epoxy
washdown AC motors

Stainless steel AC motors
IronHorse Farm Duty up to 10hp

IronHorse three-phase ODP motors
up to 50hp

Marathon inverter duty AC motors
up to 100hp

Marathon permanent magnet

AC motors up to 10hp

Marathon single-phase AC motors
up to 5hp

DC motors up to 2hp

Motor controls and
contactors up to 300hp

« Temperature and process

controllers
Digital and process panel meters

Temperature sensors
and transmitters

Infrared pyrometers

Pressure sensors and gauges
Level sensors and controllers
Flow sensors and transmitters
Signal conditioners

Pipeline valves

Solenoid /media sef)arated
process pipeline valves

+ Current to pneumatic (I/P)

transducers

Vibration switches and
transmitters

Trumeter graphical panel meters

+ Cloud data logger with I/0

Hour meters and counters
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Safety -

Power Transmission

Reer MOSAIC safety
controllers

IDEM® and Dold® safety relays

Speed/Standstill safety relay
modules

Safety laser scanners
Magnetic safety switches

Magnetic coded safety
switches

RFID coded safety
switches

Light curtains from Contrinex,
ReéeR and Datalogic

Two-Hand controls
Trapped key interlocks

Safety mats and edges
Safety bumpers
Intrinsically safe isolators
Hazardous location devices

Safety enabling switches

+ Worm gearboxes

+ Helical gearboxes

- Precision gearboxes
Shaft mount gearboxes

+ Timing belts and pulleys

» Couplings and bushings

- Shafting and shaft
supports

- igus polymer bearings
« GAM rack and pinions
Linear bearings and rail

Structural Frames/Rails

SureFrame cut-to-length aluminum
T-slotted rails make constructing
a frame or machine easy and quick.

» Complete assortment of
hardware and accessories
to complete your slotted rail
project

« You specify length and cut
angles for each piece

+ No cut fees

« Free 2-day delivery on all orders
over $49

Relays & Timers

Tools

Electro-mechanical relays
Intrinsically safe relays
Phase monitoring relays
Alternating relays
Optocoupler relays
Pump seal failure relays
Voltage monitoring relays
Slim interface relays
Power relays

Solid state relays
Hazardous location relays
Timer relays

Multi-Function Digital
Counter / Timer /
Tachometers

Force-guided relays

Southwire multimeters
and testers

Soutwire nutdrivers

« Sensor testers
« Wera screwdrivers

and torque tools

Wera wrenches, ratchets
and sockets

Southwire and .
AutomationDirect pliers
and stripping tools

SapiSelco cable tie tools
RUKO hole cutting tools
RUKO grinders and burrs
SapiSelco® wire ties

« AutomationDirect

interchangeable die
crimping fool, self-adjusting
crimperand rotatable die
crimpers



Circuit Protection

Identification

Eaton and Gladiator UL
489 miniature
circuit breakers

AutomationDirect,
Gladiator, and Fuji UL
489 molded case circuit
breakers

Eaton and Gladiator
UL1077 supplementary
protectors

Edison fuses, fuse
holders and fuse blocks

Socomec, Gladiator®
and Bryant® disconnect
switches

Bryant UL 508 manual
motor controllers

Socomec manual
transfer switches

Wago electronic circuit
breakers

Merz rotary cam
switches

+ |A selection of Code |
brand scanners is avail-

able including 1D, 2D and
M images; scanners can
read all common barcodes

such as Code 128 and QR
codes.

- Contrinex RFID devices
use radio frequencies to
read and transmit data
without the need for line
of sight. RFID read/write
modules exchange data

with RFID tags which store

data in local' memory;
they may also communi-
caté with an intelligent
device, such as a PLC or

computer, over a network.

Motion Control

Sensors

.

ProductivityMotion
controller

SureServo®2 drives and
motors, up to 15kW

LS-Electric® servo drives
and motors up to
7.5kW

Stepger and servo
gearboxes

SureStep® stepper
drives
and NEMA motors

Stepper motor linear
actuators

Leadshine® stepper
drives

Linear slides
Encoders

CUI Devices® Kit
Encoders

XYZ Gantries

Proximity sensors

Photoelectric sen-
sors

Limit switches

Precision limit
switches

Inclination sensors
Laser sensors

Color and contrast
Sensors

Area sensors
Encoders

Current and voltage
Sensors

TOP RATED

BY CUSTOMERS

Ground fault sensors

Pressure sensors and
gauges

Temperature sen-
sors, switches,
transmitters and
thermometers

Liquid level sensors
Flow sensors
Ultrasonic sensors
Fork sensors

Linear position
sensors
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Pushbuttons,
Switches and Lights

KILLARK® hazardous location control stations
- IDEM emergency stops
« Fuji 16mm plastic pilot devices

« Fuji®, Schmersal and Eaton metal/
plastic 22 and 30mm pilot devices

« |P69K-rated pilot devices from Schmersal
« Captron IP69K capacitive pilot devices

« Werma aubible and visual signal beacons
« WERMA and Patlite stacklights

« Molex pendant switches

« Foot switches

« Alarms, horns and buzzers

Communications

Pneumatics

Industrial managed and
unmanaged Ethernet switches

StrideLinx VPN routers and
cloud services for secure remote
access

Pocket Portal lloT remote I/0
MQTT gateways

Modbus gateways

Network adapters/ converters
Ethernet cables

Power over Ethernet (PoE)
switches

Power Products

» Tubing, hose and fittings in a wide
variety of configurations

« Air cylinders and position switches

«+ Solenoid valves (including I1SO 5599
valves)

+ Rodless air cylinders

« Modular solenoid valves
(Ethernet or hardwired)

- Air preparation and air relief valves
«+ Pushbutton valves

- Total Air Prep (TAP) all-in-one units
- Rotary actuators and grippers

« Pressure switches, transmitters,
and transducers

+ Pneumatic pushbuttons
and limit switches

« Electro-pneumatic systems

+ Vacuum products; suction cups,
ejectors, spring plungers

Acme Electric®, Hammond and
Jefferson Electric® transformers

Rhino® DC power supplies and
converters

WAGO power supplies
Mersen surge protectors

Roxburgh and Eaton line filters
and surge protectors

Roxburgh power outlets

Hammond drive isolation
transformers

Edison® power distribution blocks

Bryant® electrical plugs, connec-
tors and receptacles, and other
wiring devices

AcuAMP® AC current transformers

Socomec multifunction power
meters

Trumeter graphical panel meters
Surge protection devices

» Regulators

- Solenoid valves
« Hand valves

« Check valves

+ Push-to-connect
water fittings

+ Tubing
« Hose
+ Hose clamps

Water (Potable) Components



b’

Terminal Blocks

and Wiring

HAMMOND

MANUFACTURING.

Electrical hook-up
wire / building wire

Konnect-It®and
DINnectors® terminal
block systems

Edison power
distribution blocks

Bryant power wiring
devices

Wire duct and tubing

Cable entry systems
for enclosures

+ Wire end connectors,
cable glands, sanitary
cable glands, connec-
tors and fittings

+ ZIPport® connectors
« Multi-wire connectors
Sensor cables

DYMO XTL label
makers and labels

+ General- and special-
purpose cable ties

« Over 7,100 NEMA rated e

Enclosures

nclosures from Saginaw,
Hammond, Wiegmann,
Integra, Quadritalia

and AttaBox

Many types of metallic and
non-metallic enclosures

Modular enclosures
Data communication racks
Sanitary enclosures

Heating, cooling and
climate control

Lighting

Wide selection of
enclosure accessories

Cut to length cables

« Flexible portable cord

- Tray-rated cables
+ Control and signal
cable

All of our cable is available cut to your specified
length so you can eliminate waste and purchase
only what you need - plus it’s cut for free and
shipped FAST!!

- VFD and servo cables

« Data Communications
cables

« Thermocouple and
RTD cables

» Food and beverage
FDA approved cables

(indoor and outdoor)
Power cables
Motor supply cables

Instrumentation
cables
Minimum lengths of 10ft
unless otherwise indicated

AutomationDirect has a large selection
of quality electrical wire in pre-spooled
lengths that meets all NFPA and NEC
requirements at great prices.

« MTW machine tool wire
« TFFN fixture wire

+ THHN general purpose
building wire

Bulk Electrical Hook-up/

Building Wire
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AutomationDirect.com

Product Engineering and Development AutomationDirect.com HQ campus and warehouses

AutomationDirect
3505 Hutchinson Rd
Cumming GA 30040

Our campus is located about 45 minutes north of Atlanta, GA, USA. We're all here
- our sales and technical support teams, purchasing, accounting, and of course our
multiple huge warehouses and speedy logistics team.

AutomationDirect.com has been a leader in providing affordable,
quality industrial control products to the U.S. and Canada for more
than two and a half decades.

As a privately-held efficiently run company, we take pride in serving
our customers the way they want to be served - honestly and fairly.
We do everything we can to accomplish this day in and day out.
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www.AutomationDirect.com 800-633-0405
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« Honest up-front pricing (no gimmicks)
« Quick delivery - order today, it ships fast!
« Top technical support as rated consistently

by our customers

« FREE shipping on orders over $49





