Real Time Thermal Rating

A practical guide to real time thermal rating, covering the reader intent, the
relationship to real time thermal rating, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.
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In modern industrial and utility infrastructure, the ability to maximize the capacity
of existing assets without compromising safety or longevity is a critical engineering
challenge. Real Time Thermal Rating (RTTR), also known as Dynamic Thermal
Rating (DTR), has emerged as a sophisticated solution for monitoring and
managing the thermal limits of power cables, transformers, and chemical
processing equipment. By moving away from conservative static ratings and
adopting a data-driven approach, operators can optimize throughput based on
actual environmental conditions and equipment health.

For engineers managing complex systems where temperature and fluid levels are
interdependent—such as oil-filled transformers or liquid-cooled
reactors—understanding the synergy between RTTR and precise level
measurement is essential. For a comprehensive overview of the instrumentation
required to support these systems, engineers often refer to the Main Page of
specialized equipment providers to identify the most compatible sensor
technologies.

Understanding the Principles of Real Time Thermal
Rating

Real Time Thermal Rating is a methodology used to calculate the maximum
current or load an asset can safely carry in real-time. Traditionally, industrial
assets are assigned a "static rating" based on worst-case environmental scenarios
(e.g., high ambient temperature, no wind, or maximum solar radiation). While safe,
this approach often results in significant underutilization of the asset.

|Distributed Temperature Sensing (DTS)

The backbone of most RTTR systems is Distributed Temperature Sensing (DTS).
This technology utilizes fiber optic cables as linear temperature sensors. The
measurement principle is typically based on Raman Optical Time Domain
Reflectometry (OTDR).
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When a laser pulse is launched into the fiber, it interacts with the glass molecules.
A portion of the light is backscattered. The Raman backscatter consists of two
components: the Stokes line and the Anti-Stokes line. The intensity of the
Anti-Stokes line is highly dependent on temperature, whereas the Stokes line is
relatively stable. By analyzing the ratio between these two intensities and
measuring the time-of-flight of the pulse, the system can determine the exact
temperature at every meter along the fiber, which may span several kilometers.

| Thermal Modeling and Algorithms

RTTR systems do not just measure temperature; they predict it. By integrating
real-time temperature data with mathematical thermal models (such as those
defined in IEC 60287 or IEC 60853), the system calculates the conductor
temperature or the "hot spot" within a transformer. The RTTR software then
determines how much additional load can be applied before reaching the critical
temperature limit, providing operators with a dynamic operating envelope.

The Role of Level Measurement in Thermal
Management Systems

While RTTR focuses on temperature, the thermal performance of many industrial
assets is intrinsically linked to the presence and volume of cooling media. In these
applications, level measurement serves as a primary safety and validation layer
for the RTTR model.

| Oil-Filled Transformers

In large power transformers, the insulating oil acts as both a dielectric and a
coolant. The RTTR system monitors the winding temperatures, but the accuracy of
these calculations assumes the cooling fins and the main tank are filled to the
correct level. A drop in oil level, detectable via magnetic level gauges or
hydrostatic transmitters, significantly alters the thermal dissipation characteristics.
If the oil level is insufficient, the RTTR model must be adjusted to prevent localized
overheating, even if the ambient conditions are favorable.
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| Chemical Process Reactors

In chemical manufacturing, exothermic reactions require precise cooling. RTTR can
be applied to the jacketed walls of a reactor to monitor thermal stress. However,
the effectiveness of the cooling jacket depends on the level of the coolant fluid.
Welk’s radar level meters and ultrasonic sensors provide the high-accuracy data
needed to ensure that the cooling medium is at the required height to match the
thermal demands identified by the RTTR system.

| Integration with Automation

Integrating level data with RTTR allows for a holistic view of asset health. For
instance, if an RTTR system indicates a rising temperature trend while a
hydrostatic level transmitter shows a declining fluid level, the SCADA system can
trigger an automated load reduction or cooling pump activation. To explore the
specific sensors used for these integrated applications, visit the Main Page for
detailed technical specifications.

| Key Evaluation Criteria for RTTR Systems

Selecting an RTTR system requires a careful assessment of both the sensing
hardware and the analytical software. Engineers should evaluate the following
criteria to ensure the system meets the demands of their specific application.

| 1. Spatial and Temperature Resolution

Spatial resolution refers to the distance between measurement points along the
fiber optic cable. For industrial applications, a resolution of 1 meter is standard,
though some high-precision systems offer sub-meter resolution. Temperature
resolution (the smallest detectable change) should typically be within +£0.1°C to
+1°C, depending on the criticality of the asset.
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| 2. Measurement Range and Distance

The system must be capable of monitoring the entire length of the asset. For
long-distance power cables, DTS units can cover up to 50 km (31 miles). For
localized equipment like transformers or reactors, shorter-range, high-speed units
are more appropriate.

| 3. Update Frequency

Real-time rating requires frequent data updates. In rapidly changing environments,
the system should provide a new thermal profile every 30 to 60 seconds. This
allows the RTTR algorithm to account for transient load changes effectively.

| 4. Software Interoperability

The RTTR software must be able to ingest data from external sensors, including
ambient temperature probes, wind speed sensors, and, crucially, level
measurement instruments. It should support standard industrial protocols such as
Modbus, DNP3, or IEC 61850 for seamless integration into the plant’s control
architecture.

| Technical Comparison: RTTR Sensing Technologies
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Distributed Point Sensors Infrared (IR)
Temperature (RTDs/PT100) Thermography

Sensing (DTS)

Coverage Continuous (Linear) Single Point Surface Only
Installation Fiber optic cable Wired to specific Line-of-sight required
along asset points
Accuracy High (x1°C) Very High (+0.1°C) Moderate (£2°C)
Maintenance Low (Passive fiber) Moderate (Multiple High (Lens
sensors) cleaning/calibration)
Real-Time Capability Excellent Good Limited to scanning
frequency
Cost per Meter Low (for long High (due to wiring) N/A
distances)

| Installation and Maintenance Guidelines

The reliability of a Real Time Thermal Rating system is heavily dependent on the
quality of the initial installation and the ongoing calibration of the associated
sensors.

| Fiber Optic Placement

For cable monitoring, the fiber optic cable should be placed as close to the heat
source as possible. In many modern installations, the fiber is embedded directly
within the cable's metallic screen or sheath during manufacturing. For retrofits, the
fiber is often strapped to the exterior of the cable or placed in a dedicated conduit
adjacent to it. It is vital to ensure that there are no air gaps between the fiber and
the asset, as air acts as an insulator and will result in inaccurate (lower)
temperature readings.
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| Sensor Calibration and Verification

While fiber optic cables are passive and do not require frequent recalibration, the
DTS interrogator unit does. Annual verification using a reference temperature
source is recommended. Furthermore, the level sensors used to monitor cooling
media must be calibrated to ensure the thermal model's fluid-volume assumptions
remain valid. For example, a magnetic level gauge should be checked for float
buoyancy and reed switch functionality to prevent false "normal" readings during a
leak.

| Mechanical Protection

In industrial environments, fiber optic cables are susceptible to mechanical
damage. They should be installed in protective conduits or armored sheaths where
they are exposed to traffic or maintenance activities. Similarly, level transmitters
installed on outdoor tanks should be equipped with surge protection to prevent
damage from lightning or power fluctuations.

| Limitations and Common Risks

Despite its advantages, RTTR is not a "set and forget" solution. Engineers must be
aware of its limitations to avoid over-stressing assets.

Signal Attenuation: Over time, fiber optic cables can experience increased
attenuation due to hydrogen darkening or mechanical stress (micro-bending). This
can degrade the signhal-to-noise ratio and reduce temperature accuracy.

Model Accuracy: The RTTR calculation is only as good as the underlying thermal
model. If the soil thermal resistivity (for buried cables) or the coolant viscosity (for
transformers) changes and is not updated in the software, the rating will be
incorrect.

Data Latency: In some wireless configurations, there may be a delay between data
acquisition and the calculation of the thermal rating. In high-load scenarios, even a
few minutes of latency can lead to a hot-spot exceeding its safety limit.
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Environmental Variability: Rapid, localized environmental changes—such as a
small section of a cable being covered by debris—may not be fully captured if the
spatial resolution is too coarse, leading to unmonitored hot spots.

| Frequently Asked Questions (FAQ)

Q: Can RTTR be used for both underground and overhead power lines?

A: Yes. For underground cables, DTS is the primary method. For overhead lines,
RTTR often relies on weather stations (measuring wind and solar) and tension
sensors or "sag" monitors to calculate the thermal rating, as attaching a fiber to a
moving high-voltage conductor is more complex.

Q: How does RTTR improve asset life?

A: By preventing the asset from exceeding its maximum operating temperature,
RTTR reduces the rate of insulation degradation. Conversely, it allows for higher
loads during cold weather, ensuring the asset is used efficiently without reaching
the aging-acceleration point.

Q: Is it necessary to have level sensors if | have a DTS system?

A: For liquid-cooled systems, yes. The DTS measures temperature, but it cannot
tell you why a temperature is rising. A level sensor provides the critical
context—identifying if a temperature spike is due to a loss of coolant or an
increase in load.

Q: What is the typical ROI for an RTTR installation?

A: The Return on Investment (ROI) is usually realized through deferred capital
expenditure. By increasing the capacity of an existing cable or transformer by
10-20% through dynamic rating, companies can often delay the multi-million dollar
installation of new infrastructure for several years.

For technical assistance in selecting the appropriate level measurement
instruments to complement your thermal monitoring strategy, please visit the Main
Page for expert guidance and product documentation.



