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Relays

A relayis an electrical switch that uses an electro-magnetic solenoid to control the position of a
mechanical power contactor. A solenoid is similar to a motor because it uses a magnetic field to produce
physical movement of the solenoid cylinder—but instead of spinning like a motor output shaft, the
solenoid cylinder moves back and forth in a linear motion. Most relays are encased in a plastic or metal
housing to keep the moving parts free from outside interference and dust (see Figure 2-1).

Figure 2-1. Here you can see a variety of relays in small to large sizes. The three smaller relays on the
bottom row are called “signal” relays, meaning their contacts are rated for less than 2 amps of current. The
three relays on the top row are called “power” relays, ranging from 5 amp to 25 amp contact ratings. Lastly,
the mammoth relay on the far right is an automotive power relay, which is rated at 60 amps.

There are two parts to a relay: the solenoid and the contactor, and each is electrically isolated from
the other. These two parts can essentially be treated as separate (but related) parts of a circuit, because
each has its own ratings. The solenoid inside a relay has an electrical coil with a magnetic plunger that
provides the movement needed to flip the contactor switch on and off. The relay coil should have the
coil resistance listed as well as the operating voltage so that you can calculate how much current it will
consume when in use. The contactor in a relay is where the high-power signal is switched. The contactor
switch also has a voltage and current rating that tells you how much power you can expect the relay to
conduct before the contacts fail.

Types of Relays

Relays are available with several different operation types depending on your application, so it is useful
to understand how each type operates to make sure you get the right relay for the job.
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e Normally-Open (NO): This simply means that the two power contacts of the relay
are connected when the relay coil is turned on and disconnected when the relay
coil is turned off.

e Normally-Closed (NC): This is the opposite of Normally-Open; the power contacts
are connected when the relay is off and disconnected when the relay is on.

e Latching: This means that the contactor switch in the relay is not spring-loaded,
and it stays in whatever position it is placed into until the polarity is reversed to
the coil, which returns the contactor switch to its original position. This is
comparable to a standard home light switch—it stays on until you turn it off.

e Non-latching: This is the “normal” type of relay that we use for failsafe switches.
The relay contactor switch is spring-loaded and returns to the preset position
unless power is applied to the coil. This is comparable to a momentary button
switch—it stays on only while you press the button; otherwise, it springs back to
the off position.

Relay Configurations

In addition to having different operating types, relays can have their contacts arranged in various
configurations depending on the use. There are four common types of relays that we briefly discuss—
each of these relays has only solenoid coil, but a varying number of power contacts. Any of these relay
configurations can be Normally-Open or Normally-Closed as well as latching or Non-latching as
described.

e Single Pole, Single Throw (SPST): This type of relay uses one coil to control one
switch with two contacts—there are four total contacts on this relay (see Figure
2-2).

SPST

Figure 2-2. This SPST relay has one pole, with one contact (a simple switch).

e Single Pole, Double Throw (SPDT): This type of relay uses one coil to operate one
switch with three contacts (see Figure 2-3). The middle contact is for the load, the
upper contact is for Voltagel, and the lower contact is for Voltage2 (or GND). This
relay has five total contacts and is useful for switching one contact (Pole 1)
between two different sources (Throw 1-1 and 1-2) —also called a three-way
switch.
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SPDT
Coil + Throw 1-1
Pole 1
Coil — —— Throw 1-2

Figure 2-3. This SPDT relay has one pole, with two contacts (a three-way switch).

e Double Pole, Single Throw (DPST): This type of relay uses one coil to operate two
independent SPST switches at the same time (see Figure 2-4). This relay has six
total contacts and is useful for switching two loads at the same time—the two
loads being switched can be associated (like a set of motor wires) or separate (like
a dual-voltage power switch).

DPST

Coil + ———
Pole 1 — T

Pole 2 —+T

e
o——— Throw 1-1

e
o&———— Throw 2-1

Coil- —

Figure 2-4. This DPST relay has two poles, and each pole has one contact (a double switch).

e Double Pole, Double Throw (DPDT): This type of relay uses one coil to operate
two independent DPDT switches at the same time (see Figure 2-5). This relay has
eight total contacts and can be configured as an H-bridge circuit, which is
discussed in Chapter 3 (for controlling the direction of a load).

DPDT

Coil + ———
Pole 1 —+—oT

Pole 2 ——T

S Throw 1-1

o——— Throw 1-2

—T Throw 2-1

o———— Throw 2-2

Coil- —

Figure 2-5. This DPDT relay has two poles, and each pole has two contacts (a double three-way switch).
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Uses

Relays have the advantage of using thick copper contacts, so they can easily be used to switch high
currents with a relatively small amount of input current. Because the solenoid takes some time to move
the contactor, PWM does not work with a relay. The PWM signal appears to the relay as an Analog
voltage, which is either high enough to turn the relay coil on or it just stays off—but it is not generally a
good idea to use a PWM signal on a relay.

You can, however, use a relay to switch high-power loads using the Arduino—including AC and DC
lighting, motors, heaters, appliances, and almost anything else that uses electricity. The relay is
extremely useful in robotics, because it can both switch a high-power load and be controlled
electronically (and thus remotely), which opens many possibilities for its use. You can use a power relay
as an emergency power disconnect on a large remote-controlled robot or a remote power switch for an
electric motor or lights.

Using two SPDT (three-way) relay switches, we can control the direction of a DC motor. In Figure 2-
6, you can see that if both relay coils (control 1 and control 2) are activated, the upper motor terminal
will be connected to the positive voltage supply and the lower terminal will be connected to the negative
voltage supply, causing the motor to spin in a clockwise direction. If power is removed from both relay
coils, the upper motor terminal will be connected to the negative voltage supply and the lower terminal
to the positive voltage supply, causing the motor to spin in a counter-clockwise direction.

Clockwise Rotation Counter-Clockwise Rotation
Control 1 < —— SPOT Control 1 < _F—— SPOT
Relay Relay
On off
———————o
+ - SPDT o= SPDT
Battery Relay Battery Relay
Control 2 < }+—— Control 2 < F————
On Off

Figure 2-6. These figures show how a DC motor can be controlled using two SPDT relay switches (or one
DPDT relay switch).

Before we can use the relay, we need to calculate how much power is needed to drive the relay coil.
If the relay coil draws more current than 40mA that the Arduino can supply, an interface switch will be
needed to turn on the relay coil using the Arduino.

Calculating Current Draw

To determine the amount of current that a relay draws, you must first determine the coil resistance by
checking the relay datasheet. If this information is not available, you can measure the resistance with a
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multi-meter. Using the coil resistance and voltage rating of the relay, use Ohm’s law to calculate the
current draw from the coil.

In Figure 2-7, you can see a sample of the datasheet from the Omron G5-CA series relays. As you can
see, the relay is available with three different coil voltages (5v, 12v, or 24v). The coil resistance for each
model is listed below along with the rated current. The 5v version of this relay coil has a rated current of
40mA, which is low enough to be powered by the Arduino without using an interface circuit.

Specifications

W Coil Ratings

Item Standard, high-capacity, or quick-connect terminals
SVDC 12vVDC 24VDC

Rated current 40 mA 16.7 mA 8.3 mA

Coll resistance [1250 720 01 2,880 01

Must-operate voltage 75% of rated vollage (max.)

Must-release voltage 10% of rated voltage (min.)

Max. voltage 150% (standard)/130% (high-capacity, quick-connect
terminals) of rated voltage (at 23°C)

Power consumption Approx. 200 mW

Note: 1. The rated current and ceil resistance are measured at a coll temperature of 23
2. The operating characleristics are measured at a coil lemperature of 23°C.
3. The "maximum voltage” is the maximum voltage that can be applied to the rela

H Contact Ratings
Item Standard
Resistive load Inductive load
cos) = 0.4,
=7 ms)
Contact form Single
Contact material Silver alloy
Rated load 10 A at 250 VAC; |3 Aat250 VAC:
10 A at 30 VDC 3Aat30VDC
Rated carry current 10 A

Max. switching voltage |250 VAC, 125VDC
Max. switching current (10 A

Max. switching power [2,500 VA, 300 W |750 VA, 90 W
(reference value)

Figure 2-7. This is a sample portion of a relay datasheet; you can see both the coil and contact ratings.

Even though this particular datasheet displays the rated current of the relay coil, some relays have
only the operating voltage listed. In this case, you must manually measure the resistance of the relay coil
using your multi-meter and then use Ohm’s law to calculate the current draw.

From the datasheet in Figure 2-7, we use Ohm’s law to verify the current draw for a 5v relay with a
coil resistance of 125 ohms.

V=I*R

I=V/R

[=5v /125 ohms

[=0.040 amps (40mA) —The datasheet is correct!



