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1.

Introduction

This paper addresses a technological breakthrough that has recently occurred to enable a cost effective, 24/7
visual/thermal/fire monitoring of critical, high voltage equipment in power plants and other industrial environments. This paper
will address the challenges traditionally associated with this type of application and then describe the new technology solution,
along with a description of its first deployment at a large electrical utility.
2.

Current Approach: Detecting Hazardous Conditions In Electrical Equipment

In order to ensure safety, high voltage equipment, such as switchgears, must be placed in secure, limited access enclosures
to protect against injury. However, this limited access makes it difficult to monitor conditions that can lead to overheating, fires
and potential cascading, wide-scale damage to electrical systems. The safety and financial implications can be staggering.
One recent switchgear loose contact at a Korean utility resulted in a fire that resulted in more than $36 million dollars in
damage and required the plant to be taken off line for a number of days.
Probably the best indicator of potential failure of high voltage equipment is the presence of abnormal temperatures. Abnormal
temperatures on equipment surfaces might indicate a deterioration of insulation losses, an increase of leakage current or a
loose contact. Today there are three primary methods for monitoring for electrical overheating that might lead to catastrophic
failure. A comparison of the three most common methods is provided below in Figure 1 below.
Figure 1: Comparison of Temperature Monitoring Technology
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Description
Stick on label that changes color when temperature
exceeds a target level.
Application
1. Labels are placed on critical surfaces where
elevated temperatures can indicate a problem.
2. Periodic visual inspection indicates if temperature
change has occurred.
3. If change has occurred equipment shutdown,
inspection and replacement may be required.
Benefits
• Low Cost
• Simple Technology
Limitation
• Limited sensor life.
• Single use technology.
• Requires periodic manual inspection, failures may
occur between inspection events.
• Good visual access may be difficult while equipment
is operating.
• Labor intensive and potentially hazardous to
inspectors.
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Non-Contact Infrared Temperature
Detection

Modern portable infrared cameras can provide an
accurate visual image/map of temperature profiles of
equipment.

This is a non-contact IR optical sensor that can
measure the infrared energy emitted by surfaces within
the field of view. Output is an average temperature for
area of view.

1. IR camera can be quickly pointed at equipment to
identify potential hot spots.
2. Usually used only on the outside of equipment
because of limited access to safely inspect inside
equipment.
3. Some equipment does have IR windows for camera
access with wide angel lenses.

1. One sensor is used for each surface area to be
monitored for temperature.
2. Sensor is mounted at a safe distance away from
high voltage surface but inside enclosure.
3. Sensor provides an analog or digital signal to allow
remote monitoring of temperatures.

• Quickly captures accurate profile of temperature
that can be saved for further reference.
• Portable nature of device makes it easy to use
regularly.

• Supports automated 24/7 monitoring, with minimal
labor component.
• Stable and accurate temperature measurement.

• IR cameras are expensive and fragile.
• External equipment IR temperature image may not
indicate internal problems.
• Requires periodic manual inspection, failures may
occur between inspection events.
• Camera operator must be in close proximity to
hazardous equipment.
• Labor intensive, skilled operator, in potentially
hazardous environments.

• Cannot provide spot temperature, only provides
average temperature over optical viewing area.
• Expensive, one sensor required per area measured.
• Unable to determine if mounting or target view may
have changed after installation.
• Sensors may be vulnerable to high electromagnetic
interference.
• Network monitoring interface must be developed.
• May need calibration for emissivity and distance.
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The current state of the art in detection of hazardous conditions related to over-heating and fire in high voltage
equipment is problematic, as detailed in Figure 1. The key concerns with these technologies are:
• The use of methods that required periodic manual inspection (labels and IR Cameras) have common
disadvantages:
o Exposure of inspection personnel to ongoing safety hazards,
o The periodic nature of inspections allow for unanticipated problems to occur between inspections,
o The budgetary balancing act between on the cost of skilled labor/inspectors works and the
necessity for more frequent inspections.
• Often, a manually operated infrared camera is used for inspecting outside the equipment and can
potentially miss problem areas inside equipment. Camera inspection windows can be incorporated but
complicate the inspection process.
• The nature of optical IR sensors is that their field of view is not narrow enough to specifically monitor
temperature of a target spot. The best they can do is measure the average temperature in the field of
view around the spot. This also necessitates that each target spot must be measured. For a switchgear
with 5 contactors this means 5 sensors. Also, typically these products are not designed for this durability
in a high electrostatic / electromagnetic environment. The custom installation and development of a
monitoring infrastructure also must be considered.
3. Development Of The TC4 TempCam™
The Korean electrical utility Kepco, (http://www.kepco.co.kr/eng/) frustrated with the current state of the art in
temperature/fire detection in high voltage equipment, decided to fund development of a technology in 2010 that
had a high probability of detecting overheating/fire problems in electrical equipment -- before they result in
personnel danger or equipment failure. The device had to be designed to meet the following criteria:
• Combine the function of an infrared camera and visual camera with a field of view that would allow for
one unit to view/monitor all critical areas inside typical electric equipment on a 24/7 basis.
• Incorporate the ability to monitor temperatures of multiple, specific vulnerable target points within the
camera field of view.
• A ruggedized product design for operations in the high electrostatic / electromagnetic conditions
experienced in high voltage equipment.
• The product should be easily networked and should have software that would support a central,
automatic monitoring and alarm function.
• The installed/operating cost should be significantly less than existing monitoring approaches.
After the evaluation of more than 20 potential suppliers, Kepco selected Hana Engineering Ltd to develop the
product. Hana already had developed an automatic fire/gas monitoring system for Korean coal fired electrical
plants and had established a strong reputation in the customized development of safety monitoring systems for
electrical utilities.
In Early 2011 Hana Engineering delivered 50 units and network monitoring software to Kepco for field-testing.
The TempCam™ was installed to monitor a variety of equipment including: switchgear, circuit breakers,
contactors integrated phase buses, cabinets, generators, heavy current cables, transformers and motors.
To date, six months of field-testing has shown the field test camera and monitoring software has operated as
expected -- with no problems -- with the final test report to be completed in January 2012. It is anticipated that
Kepco will begin ordering and installing the TempCam™ throughout their facilities in the first quarter of 2012. As
part of its commitment to develop the product and related software, the utility has guaranteed it will undertake
30,000 or more TempCam™ installations in the next three years in their 40 power plants.
Hana Engineering will be in full-scale production of the TempCam™ in the first quarter 2012 to meet Kepco and
other international demand for this breakthrough product.
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4. Profile of the New State Of The Art: The TC4™
The TempCam™ Unit
The TempCam™ (patents pending) is a small electrically ruggedized package that incorporates an optical camera,
a infrared camera and an LED light to illuminate inside enclosed
equipment. Key features include:
Figure 2: The TempCam™
• The entire package weighs approximately 0.25 kg (0.5 lbs) and is
slightly smaller than the size of a fist (7 cm dia X 5 cm or 2.75” X
2”).
CCTV Camera
• It incorporates a CCTV with a 540 lines of horizontal resolution
and excellent low light sensitivity resolution (1 Lux/F1.2). An Onboard LED also provides illumination.
• The IR camera utilizes a 31 X 32 pixel sensor (992 pixel array)
LED
that allows the TempCam™ to simultaneously monitor up to 8
Light
user designated temperature locations within the field of view.
•
•

•

•

The camera is provided with a flexible mounting bracket that
provides 360º horizontal and 85º vertical positioning.
The TempCam™ also provides a 40º or 70º wide angle field of
IR
view and is designed specifically so that one TempCam™ can
Camera
monitor all critical points in the close quarters typically found in
electrical equipment while still maintaining distance for electrical
safety (Typical IR cameras are designed to provide a 25º view).
To ensure accurate temperature measurement an advanced
microprocessor in the TempCam™ automatically adjusts and
Articulating
corrects the infrared view to correct for consider: X,Y axis
Mounting
distance, surface emissivity, surface size and viewing geometry.
Bracket
The communication interface to the TempCam™ is a
networkable RS485 connection that utilizes the Modbus open
protocol for temperature data and a standard CCTV connection for the video feed.

The Monitoring Software
The monitoring software for the
TempCam™ is designed to run on any
Windows™ compatible PC. The
software has two functions:
1. Initial setup of the device and
identification of temperature
monitoring points, and
2. Ongoing monitoring of selected
temperature points and alarming
to user established criteria.

Figure 3: TempCam™ Software Screen Shot

Selection of temperature monitoring
points during setup is very simple. The
appropriate TempCam™ unit is selected
in the F3 Capture software. The user
then selects the F3C screen capture tool,
which takes a snapshot of the field of
view of the camera as shown in Figure 3.
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Once the snapshot is saved, the user
will see a number of colored boxes
above the image. Each color is used
to highlight the specific temperature
monitoring target area where the
temperature should be monitored.
Versions of the TC4 are available that
measure 4 or 8 different temperature
locations.

Figure 4: Highlighted Areas For Temp Monitoring

Once the temperature monitoring
areas are identified the screen shot
and temperature-monitoring locations
are loaded into the monitoring
software that will track temperatures
and sound alarms when user
established conditions have been
exceeded.
Once the temperature points are
highlighted, the monitoring software
automatically logs the spot
temperatures at an interval specified
by the user. Average temperature
over the field of view also is recorded.
For each temperature measurement spot, the user can set multiple alarms. Alarms can be based on threshold
temperature limits or based on a rate-of-change over a specific time period. If an alarm is detected on any of the
TempCam™ units in the monitoring network, the user can quickly access the real time visual image of the view
area to assess the cause of the problem.
Figure 5: Main TempCam™ Software Monitoring Screen
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The visual monitoring feature also can be used to check the area to ensure contacts have been engaged or that
tools or components have not been left in the cabinet after servicing. Figure 5 (above) shows the main viewing
screen for the TempCam™ that provides general information on the Camera Installation, Current High alarm
conditions and a historical indication of past temperatures where the time scale is adjustable by the user. Other
screens in the software show current and historical temperatures for the specific monitoring points identified in the
F3 Capture Software. There also is a central monitoring screen that allows high level monitoring of all
TempCam™ locations on the monitoring network.
Installation

Figure 6: TC4 Wiring Connections

The TempCam™ is designed to mount inside
most electrical enclosures. A mounting
location for the camera must be selected so
that it meets required mounting distances for
safety. The mounting base allows the
adjustment of horizontal and vertical
positioning of the camera view.
The camera has six connections as shown in
Figure 6. The connections include 24VDC
power, two connections for serial data
(RS485/Modbus), and a coaxial cable for the
CCTV connection. All wiring connections are
made to the TempCam™ with a single snap-in
connector provided with the unit. Because
standard Modbus and CCTV protocols are
used, signals back to a central monitoring
location can use a hard wired or wireless signal
carrier. All wiring must utilize shielded cable.
Figure 7: TC4 TempCam™ Network Configuration Example
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Applications
The TC4 TempCam™ inside or in the proximity of any electrical equipment where there are concerns of
overheating leading to equipment failure or fires. While the initial focus has been inside electrical utility facilities,
any user of high voltage equipment will find the TC4 TemCam™ a reliable way to automatically monitor for
potential problems. Other applications in industrial environments can include: motors, pumps, conveyer belts,
critical bearings and areas of high friction.
The key benefits of the TC4 TempCam™ system include:
• It provides a 24/7 monitoring capability, providing a visual and an IR camera view (32 X 31 pixel), inside
hard to access equipment that may be subject to overheating. Operators can quickly visually see the
inside of the equipment for routine inspection or upon alarm.
• While the IR camera is lower resolution than portable IR cameras, the close proximity of mounting and
992 IR pixel array is more than sufficient for detecting temperature conditions in up to 8 user designated
locations simultaneously.
• The TempCam™ utilizes open communication protocols that support hard wired or wireless
communication options.
• The TempCam™ is designed to be very cost effective compared to conventional intermittent monitoring
approaches. The cost of the device, software and its installation will typically pay for itself in less than a
year compared to other approaches.
• The monitoring software designed for the TempCam™ will operate on a standard PC, and it facilitates
rapid configuration of a large number of monitoring points with a minimum of user effort. The cost and
time of developing a customized monitoring approach can be avoided.
• The TempCam™ has been designed for the harsh electromagnetic and electrical conditions found inside
industrial high voltage equipment.
5. Summary
The TC4 TempCam™ is the first monitoring product designed for a utility (Kepco in Korea), to specifically detect
overheating and other conditions that can cause potential fires in enclosed, high voltage electrical equipment.
Designed to operate in high voltage environments, the device combines both the capabilities of an infrared
camera and the ability to identify spot temperatures with a visual camera that provide real-time video feeds on
what is occurring within the enclosure.
The product supports a non-proprietary, open, network communication standard, and it is designed to work with
inexpensive PC based software that allows for alarm monitoring of 4 to 8 user identified, specific temperature
points and average temperature within the wide-angel field of view of the TempCam™ (viewing angle of 50 or 70
degrees).
Results of a six-month test of 50 units deployed in a variety of electrical environments has shown they have
operated without incident -- and significantly increased the electrical utility’s ability to identify and correct overheating problems before they become serious – and costly -- accidents.
A datasheet with detailed specifications for the TC4 TempCam™ is also available at this link:
http://IRTempcam.com/datasheet/TC4TempCam.pdf
For more information on the TC4 TempCam™ please contact Hana Engineering at: sales@hana-eng.com

Please note that specifications and technical information presented in this whitepaper are subject to change
without notice.

TC4 TempCam™ Whitepaper

www.IRTempcam.com

page 6 of 6

