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In modern electrical systems—
especially those used in HVAC, 
lighting control and building 

automation—low voltage wiring and 
relays play an essential role. Most of 
these systems operate at 24 volts AC 
or DC and are designed for safety, 
efficiency and control. Despite their 
lower power levels, improper instal-
lation or misunderstanding how they 
function can lead to malfunctions, 
wasted energy or possible system 
failure. We will discuss the funda-
mentals of low voltage wiring, the 
role of relays in these systems and 
why having a strong understanding 
of both is critical for electricians and 
technicians.

What is Low Voltage Wiring?
Low voltage wiring typically refers 
to any wiring that carries 50 volts or 
fewer; of course, 24 volts is the most 
common number for residential and 
commercial control systems. They 
are not used to power high-load de-
vices but rather to control and signal 
them. Examples could be:

•	Thermostat connections in 
HVAC systems

•	Lighting control systems
•	Security system sensors and 

alarms
Since they pose a reduced shock haz-
ard, low voltage systems are often 

perceived as “safer.” While this is 
true to some extent, poor design or 
improper wiring practices can still 
lead to equipment damage, commu-
nication failures or dangerous mal-
functions.

In today’s interconnected world of 
smart homes, HVAC systems, build-
ing automation and industrial con-
trols, low voltage wiring plays a cen-
tral role in communication, signaling 
and safety. Equally critical are re-
lays—electrically operated switch-
es that allow low voltage signals to 
control high power equipment. While 
these systems may seem simple at a 
glance, misunderstanding how low 
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voltage wiring and relays operate 
can lead to costly errors, inefficient 
performance and potential safety 
hazards.

Understanding Low Voltage  
Wiring is Critical	
Low voltage circuits serve as the 
nervous system for the modern con-
trol systems. Unlike high voltage 
circuits that provide raw power, low 
voltage wiring enables logic, timing 
and control. Here are some reasons 
why having a solid understanding is 
essential:
1. System Reliability
A poorly designed or incorrectly 
wired low voltage system can result 
in intermittent faults, unresponsive 
equipment or constant cycling. For 
example, in an HVAC system, a mis-
wired thermostat could fail to send 
the correct signal to the boiler or air 
conditioner, leading to discomfort or 
equipment strain.
2. Signal Integrity
Low voltage wires are more sensitive 
to interference from electromagnetic 
sources, especially when installed 
near power lines or motors. Tech-
nicians must know how to run the 
wires as well as shield the wires to 
maintain clean signal transmission.
3. Device Compatibility
Low voltage systems vary—some op-
erate on 24V AC (common in HVAC), 
others on 12V or 24V DC (common 
in automotive and automation). Mis-
taking AC for DC or mismatching 
voltages can damage components or 
prevent systems from working to-
gether.
4. Regulatory Compliance
Even though low voltage wiring is 
often exempt from some of the strict-
er National Electrical Code (NEC) 
requirements, proper installation 
practices must still be followed, espe-
cially in commercial buildings where 
fire, life safety and data integrity are 
at stake.

How Relays Work in 
Low Voltage Systems
A relay is a switch that is activated 
by an electrical signal, typically from 
a low voltage control circuit. When 

the control signal is applied, it ener-
gizes a coil inside, creating a magnet-
ic field that pulls contacts together 
(or apart), allowing a separate high 
voltage circuit or high current circuit 
to be controlled.

The key components of a relay are:
•	Coil: Receives the low voltage 

control signal.
•	Armature: A movable contact 

mechanism.
•	Contacts: Open or close to allow 

current flow in the controlled 
circuit.

•	Spring: Returns the contacts 
to their original state when the 
coil is de-energized.

Relays essentially bridge the gap be-
tween low voltage logic and high volt-
age action. For example, a 24V ther-
mostat signal might activate a relay 
that switches 240V to a compressor 
motor.

The common types of relays in low 
voltage systems are:

1. Electromechanical Relays 
(EMRs): Traditional relays using 
physical contacts and electromag-
netic coils
2. Solid State Relays (SSRs): 
Using semiconductor devices in-
stead of mechanical contacts, SSRs 
are faster, silent and more reliable, 
but they usually cost more, as well.
3. Latching Relays: These main-
tain their contact position even 
when the power is removed—this 
is useful for power-saving designs.
4. Time Delay Relays: Introduce 
controlled delays before the con-
tacts open or close; these are used 
in sequencing applications.

The Importance of  
Relay Understanding 
Relays might seem like simple 
switches, but their correct selection 
and application are vital to system 
performance and longevity.
1. Load Compatibility: You must 
match the relay’s contact rating with 
the load. Underrated contacts can 
arc, weld shut or fail prematurely.

2. Coil Voltage Matching: If the 
control signal is 24V DC, then the 
relay coil must be rated for 24V DC 
(not AC). Applying the wrong voltage 
type can damage the coil.
3. Inductive Load Handling: 
Loads such as motors and solenoids 
create voltage spikes when switched. 
Relays should include protection 
against these spikes, sometimes re-
ferred to as “snubber circuits.”
4. Isolation & Safety: Relays pro-
vide electrical isolation between con-
trol circuits and high voltage circuits, 
a critical safety function that pre-
vents voltage feedback and acciden-
tal shocks.

Real-World Example:  
HVAC Control
In a forced-air furnace, the thermo-
stat sends a 24V signal to a relay (or 
contactor). That relay, in turn, closes 
a circuit, allowing 120V or 240V pow-
er to flow to the blower motor or heat-
ing element. Without that relay, the 
low voltage signal wouldn’t be able to 
control the high voltage equipment 
safely or effectively.

If the wiring is incorrect—say, a 
short circuit between the R and W 
wires—the furnace may run continu-
ously or not at all. Similarly, if the re-
lay’s contacts are corroded, the signal 
might be received but fail to actuate 
the heating system.

Understanding low voltage wiring 
and how relays function isn’t just 
about following wiring diagrams—
it’s about knowing how signals flow, 
how devices interact and how to en-
sure system performance and safe-
ty. Whether it’s a residential HVAC 
system or a commercial control pan-
el, these components are the founda-
tion of reliable, efficient operation. 
Technicians and electricians who 
grasp these principles will be better 
equipped to diagnose issues, design 
better systems and avoid costly mis-
takes. 	

If you have any questions or com-
ments, e-mail me at gcarey@fiainc.
com, call me at (800) 423-7187 or 
follow me on Twitter at @Ask_
Gcarey. ICM
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