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Monitor Switchgear 
Temperatures to Improve 
Safety and Reduce Costs

Sensors upgrade electric switchgear safety 
Electric power distribution switchgear equipment is critical to our mod-
ern lifestyle, but it’s also incredibly dangerous.  Switchgear equipment 
is expected to last 20-years or more once installed.  With a 20-year 
expected service life, the high voltages and high currents put strains on 
this equipment that accelerate deterioration and increases the danger of 
catastrophic failure.  Careful temperature monitoring of electric power 
distribution switchgear is essential for its safe operation and to protect 
human life.  

Temperature is the critical indicator for switchgear condition monitoring, 
but most temperature sensors require wiring for power and communi-
cation.  Wiring is not practical in electric switchgear equipment where 
it contributes to arcing.  A wireless solution is needed, with individually 
addressable sensors able to identify pending failures in specific switch-
gear components.  

Smart Passive Sensor™ technology protects critical electric power dis-
tribution equipment by alerting on temperature increases that point 
to impending failures.  This battery-free technology makes the sensor 
placement easy, even in the hard to reach places that are not visible 
from inspection windows.  Advanced analytics and visualizations deliver 
meaningful insights into equipment status and its remaining service life.
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Switchgear keeps the power flowing
Switchgear directs the flow of incredibly powerful electric energy using 
disconnect switches, fuses and circuit breakers.  Due to the high voltag-
es and high currents involved, this equipment is exceedingly dangerous 
when faults emerge.  In addition to controlling the flow of electric pow-
er, electric switchgear isolates down-line faults and allows equipment to 
be de-energized for repair.  Without switchgear’s ability to isolate faults, 
any down-line short or equipment failure would result in wide-area 
power outages.  Switchgear contributes to the assurance of the electric 
supply by isolating issues and by providing multiple distribution paths to 
various locations.  

Arc-resistant low voltage switchgear from Eaton

 The world would not spin 
without switchgear
Electricity powers the modern world, from our 
toasters, to the data centers serving up the 
Internet, to the wall chargers that keep our 
smart phones alive.  Interestingly, the electric-
ity that most people on the planet use every 
day is of a particularly low-voltage 120V to 
220V variety.  These voltages are not efficient 
for long distance transmission.  Voltages as high 
as 1.1 million volts are used on the large trans-
mission towers.  

While high-voltage is very efficient for electric 
transmission, it is exceedingly difficult to con-
trol, and it’s completely unsafe for residential 
or factory use.  Electric distribution systems 
reduce voltages to more manageable levels at 
substations.  The electric distribution indus-
try classifies the low-voltage “LV” category of 
electricity used in factories and large buildings 
to as high as 600V-1000V.  This high-current 
service is unbelievably powerful and quite 
capable of causing catastrophic damage to 
equipment, as well as injuries or death when 
faults emerge.
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Electricity takes the path of least resistance  
We employ insulators to isolate conductors from each other, but the air 
itself is a viable path for electricity.  In the case of high-voltage, the 
distance between conductors is increased to keep the flow of electricity 
from arcing between the conductors.  Once an arcing path is established, 
high currents can flow that can lead to further equipment damage.  One 
of the surprising consequences of switchgear failure is that the damaged 
materials generate ionized smoke and conductive plasma which can 
create additional short circuits between conductors; this in turn triggers 
a cascading failure.  

To prevent cascading failures when adjacent equipment faults emerge, 
many medium-voltage and low-voltage switchgear components are 
located inside metal enclosures.  These “metal clad switchgear” units 
with various degrees of “air-tightness”, strive to both contain the failure 
byproducts inside their enclosures, and to prevent byproducts from 
affecting the operation of adjacent devices.  For larger devices, such as 
transformers, the industry employs oil to cool and isolate conductors.  
Dialectic gas is used to improve the isolation of some substation equip-
ment up to 500kV.  

When it breaks, consequences are extreme
The equipment used in electric power distribution is relatively unusual 
and difficult to replace if damaged.  There are great financial incentives 
for electric distribution companies to protect their equipment from 
catastrophic damage and loss of service.  Minor repairs are estimated to 
take 27 hours, while more substantive repairs take 57 hours on average 
if replacement equipment is locally available.  Many switchgear compo-
nents are relatively rare and replacements may not be locally available; 
getting replacement parts can increase the time needed to get the 
system up and running again.  During the out-of-service period, other 
portions of the electric distribution network must carry additional load, 
which increases the probability of their failure.

The risk to human life can be extreme when switchgear fails.  Injury 
and death are common outcomes if a switchgear component fails while 
enclosure doors are open during live inspections of energized equipment.  
Any technician would prefer to inspect de-energized equipment whenev-
er possible, but that is not always the most effective strategy. 
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opening 
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Vaporized metal forms a high-temperature plasma fireball engulfing worker and equipment

 

What does a malfunction look like?
Ionizing smoke – When components are consumed by high-temperature 
arcing, the smoke from that combustion is ionized and conductive, which 
is able to short other live circuits triggering further cascading failures. 

Vaporized metal plasma – Massive current flows will vaporize copper, 
steel and aluminum, creating a 30k °C plasma state that is 67,000 times 
its original volume.  The effect is an explosive fireball engulfing equip-
ment and workers.

Intense UV light – Arcing and vaporized metal plasma generate intense 
UV light that is highly dangerous to worker’s eyes.

Human error – Surprisingly, human interaction with switchgear is a major 
cause of injury, death and destruction.  In cases where preventative 
maintenance inspections of live energized equipment is required, an 
errant tool or a piece of clothing can short active conductors, triggering 
a catastrophic failure.
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Strengthen inspection protocols with temperature monitoring
Switchgear maintenance teams monitor equipment to ensure proper operating conditions and to 
detect deterioration that could lead to failures.  Many failure modes are identified by temperature 
increases, which are most visible when the equipment is energized and live.  Working with live 
equipment is extremely dangerous, but it’s also highlights pending failures from loosening bolts 
caused by thermal cycling and equipment age.  Other temperature monitoring options include:

Infrared imaging – Infrared imagers can monitor electric switchgear.  Infrared imaging equipment is typically 
portable and is used only for periodic inspections.  It does not provide continuous monitoring. Unfortunate-
ly, infrared imagers require line-of-sight between the imager and the monitored component.  This requires 
removal of protective panels and opening of access doors.  It is exceedingly dangerous to inspect live, ener-
gized equipment.

Infrared windows – Some switchgear incorporates an infrared imaging port.  Traditional infrared imagers can 
be used through these ports without opening the switchgear enclosure.  While this is much safer, these ports 
provide limited visibility inside the enclosure and provide only a partial inspection solution.  Infrared imag-
ing equipment is typically portable and is only used for periodic inspections.  It does not provide continuous 
monitoring.

Visual inspection – Visual inspection is needed to assess several switchgear failure modes like the buildup 
of particulates, dust and debris.  Visual inspections are not effective at detecting loosening bolts caused by 
thermal cycling, or other age-related deterioration effects. Direct temperature monitoring is required in 
addition to any visual inspection process.  

Equipment torque check – Electric switchgear has a 20-year life expectancy and suffers from weather-related 
thermal-cycling and demand load changes in electricity use, which cause mechanical connections to loosen.  
Periodic overhaul can extend operational life.  Torquing the mechanical bolts connecting busbars etc., can 
improve reliability and avert catastrophic failure.  However, overhaul is an infrequent event and direct tem-
perature monitoring would still be required to detect dynamic failure modes as they happen.

Run-to-failure – An outdated maintenance approach is to let equipment operate until a fault occurs.  Consid-
ering the amount of energy available in electric switchgear, the run-to-failure method is exceedingly dan-
gerous to adjacent equipment and to those individuals responsible for keeping equipment running.  Certain 
inspection methods that once may have been somewhat safe, may no longer be considered safe after equip-
ment has aged.

SAW Device Wireless – SAW devices are relatively small radio frequency (RF) resonators that shift their 
frequency when temperature changes cause their substrate to expand or contract.  These devices are not 
individually addressable, so only a few sensors can be used at a time and only within metal enclosures.  The 
RF shielding characteristics of metal-clad switchgear allow SAW devices to operate in adjacent units.  Unfor-
tunately, this technology is not able to identify offending connections or components.  The debug process is 
left to the switchgear maintenance team.

Smart Passive Sensing™ - New wireless, battery-free temperature sensors are individually addressable and can 
be used both inside metal enclosures or in open areas.  The individual addressability means that an alarming 
sensor message can be linked directly to a specific mechanical connection or a switchgear component before 
failure.  Temperature trends can be monitored continuously to identify faults from dynamic loads and cur-
rents.  These small sensors can be placed on components obscured from IR inspections so that maintenance 
teams know more about the safety of a unit before opening the enclosure.
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Monitor temperature to protect human life 
The RFMicron RFM5107 Switchgear Temperature Monitoring System 
delivers real-world switchgear operating data.  Faster data means faster 
alerts and improved safety for your team.  The system includes wire-
less ruggedized temperature sensors built using Smart Passive Sensing™ 
technology.  The smaller of these wireless sensors are mounted directly 
to complex equipment using the integrated adhesive strip.  The larger 
sensor unit is designed to be bolted directly onto heavy-duty equipment. 

The system includes a powerful fixed reader suitable for installation 
inside metal-clad switchgear equipment.  The reader comes with four 
antennas that can be placed inside individual enclosures or sections.  The 
wireless sensors get their power from the RF signal sent by the reader, so 
sensors are truly wireless, battery-free and maintenance-free.

The reader comes with pre-loaded temperature monitoring software.  
The sensors are easily registered by the system, so your team knows 
which mechanical connections or components are trending higher and 
need attention.  The reader supports the MODBUS/RS-485 communication 
protocol for easy connection into safety and security networks.  Since 
the readers and the sensors have undergone extensive testing, you’re 
assured of accuracy and compatibility.

Uses:
Trials and micro-grid test beds
Legacy equipment service life extensions
Critical uptime services
High-value process monitoring
Data center power distribution monitoring
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Whatever your switchgear needs might be, the RFM5107 
Switchgear Temperature Monitoring System is the key 

to safer more reliable operations. 
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RFM5107 Switchgear Temperature Monitor System

How is Smart Passive Sensing better?
The sensors wirelessly absorb energy from a reader device, which is sim-
ilar to a wireless access point.  The sensors have been designed to sense 
and communicate even when attached to metal surfaces.  Placing a sen-
sor with a normal antenna on a metal surface would ordinarily undermine  
RF performance and prevent a normal RF sensor from communicating.  
The RFMicron switchgear sensor antennas are specifically designed to be 
placed on-metal, and they rely on the metal/antenna interaction.  Smart 
Passive Sensing technology also eliminates bulky batteries or wiring, and 
makes the sensors suitable for use in environments subject to high-volt-
age and arcing risks where sensor wiring is not an option.  

Wireless for on-metal – RF energy powers the sensor and communicates 
with the reader using a sensor antenna designed for use directly on met-
al, making the RFM3250/60 are great options to place directly on individ-
ual switchgear components, busbars, and contactors. 

Continuous monitoring of live equipment – Temperature is an excellent 
indicator of equipment condition, but it typically requires that access 
ports and doors be opened to expose live equipment.   This is exceeding-
ly dangerous.  The RFM5107 system provides continuous monitoring from 
inside the enclosure where it alerts on pending failures before equip-
ment is damaged.

Improved human safety – Human errors leading to death and equipment 
damage can largely be eliminated if the enclosure doors are kept closed 
using a continuous temperature monitoring system inside the enclosure.  
With continuous temperature monitoring, dynamic overload warnings can 
be issued alerting maintenance teams to exit the vicinity.  Continuous 
temperature monitoring may provide faster real-time alarms when infra-
structure hackers attack.

RFM3250 rugged temperature sensors

RFM3260 lug-mounted temperature sensor
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Switchgear wear and tear undermines safety
Switchgear no matter how well built, deteriorates over the typical 20-year service life.  The causes are 
operational and environmental.  Issues with dust, debris and pollution build up particulates inside switchgear 
enclosures that increase arcing risks.  Arcing generates ionized smoke and causes metal components to va-
porize, both of which in sufficient quantities can short other conductors and cause even greater catastrophic 
damage.  Operational risks from preventive maintenance programs are also a risk to equipment and person-
nel when they require inspections of live, energized equipment.  

Moisture – Humidity and moisture cause significant degradation of switchgear over its operational service life.  
Condensation inside of enclosures undermines insulation effectiveness when moisture impregnates between 
insulation and high-voltage conductors.   Corona arcing burns insulation, leaving a highly conductive carbon 
path in its wake called surface tracking.  Humidity and dew-point monitoring sensors can alert when conden-
sation is present.

Thermal cycling – Daily temperature variations cause components to expand and contract.  Over time, bus 
joints and other mechanical connections can loosen enough for arcing to emerge.  Loose mechanical connec-
tions are “ohmic” and will experience heating under heavy current flows.

Arcing – When contactors are brought together or separated, some arcing can be expected.  If this arcing per-
sists beyond the contactor make or break operation, it will cause progressively greater damage.  The contac-
tor temperature will also increase and be an indicator of progressive component damage.

Dust, debris, pollution and salt – While some switchgear are air-tight, many enclosures allow air exchange.  In 
regions subject to salt spray, the buildup of salt on switchgear components can lead to internal arcing.  Dust, 
debris and pollution can lead to particulate build-up that also facilitates arcing.

Dynamic currents – Renewable power sources are not always available.  Baseload generation plants need to 
react quickly in response to shifts in renewable power.  This can cause rapidly changing dynamic loads that 
put an additional strain on switchgear equipment.  Continuous temperature monitoring can alert when sen-
sors detect anomalous operating conditions from dynamic loads.

Blocked vents and overheating – Heat buildup inside of switchgear enclosures leads to accelerated deteriora-
tion of insulators and to more extreme thermal cycles.  Temperature monitoring detects general temperature 
increases needing attention from maintenance teams such as is the case with blocked cooling vents.
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Improve worker safety and protect equipment!   
Visit www.RFMicron.com/switchgear


