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Heartbeat Technology

A practical guide to heartbeat technology, covering the reader intent, the
relationship to heartbeat technology, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In the modern landscape of industrial automation, the demand for high-reliability
instrumentation has shifted from simple measurement to comprehensive
self-awareness. Heartbeat technology represents a significant advancement in this
field, providing a suite of diagnostic, verification, and monitoring functions
integrated directly into field instruments. For process engineers and plant
managers, understanding how these diagnostic suites function is essential for
optimizing maintenance cycles, ensuring safety compliance, and reducing
unplanned downtime in level measurement applications.

Industrial level measurement often occurs in harsh environments where sensors
are exposed to corrosive chemicals, extreme temperatures, and mechanical
stress. Traditional maintenance strategies relied on scheduled manual inspections
or reactive repairs after a failure occurred. Heartbeat technology transforms this
approach by enabling the device to monitor its own health and the integrity of the
process interface in real-time. This guide explores the principles, applications, and
selection criteria for implementing these advanced diagnostic capabilities in
industrial level measurement systems.

| Principles of Advanced Diagnostic Technology

Heartbeat technology is built upon three functional pillars: diagnostics, verification,
and monitoring. Each pillar serves a distinct role in the lifecycle of a level
measurement instrument, such as a radar level meter or an ultrasonic sensor.

| 1. Continuous Self-Diagnostics

At the core of the system is a continuous diagnostic engine. The instrument’s
internal electronics perform a constant "sanity check" on critical components. This
includes monitoring the microprocessor, memory integrity, and the health of the
sensing element (e.g., the radar antenna or ultrasonic transducer). If an internal
component deviates from its factory-defined specifications, the device immediately
generates an error code according to NAMUR NE107 standards, allowing operators
to identify the specific nature of the fault.
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| 2. Instrumented Verification

Verification is an on-demand process where the device performs a comprehensive
health check without interrupting the process or removing the instrument from the
tank. The system compares current internal parameters against a reference
"fingerprint" taken at the time of manufacture or commissioning. This allows the
device to confirm that its measurement accuracy is still within the specified
tolerance. In many reqgulated industries, this electronic verification can extend the
intervals between formal wet calibrations, significantly reducing labor costs.

| 3. Process Monitoring

While diagnostics focus on the device itself, monitoring focuses on the interaction
between the device and the process. Heartbeat technology can analyze signal
patterns to detect external factors that might influence measurement reliability.
For example, in a radar level application, the system can detect the presence of
foam on the liquid surface or the buildup of material on the antenna. By providing
a "build-up index" or a "foam detection signal," the technology allows for predictive
cleaning and maintenance.

|App|ications in Level Measurement

Different level measurement technologies utilize heartbeat-style diagnostics in
unique ways. The following table outlines how these principles apply across
common industrial instruments available through specialized providers like those
found on the Main Page.
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Technology Monitoring Capability

Radar Level Meters Microwave pulse integrity, Foam detection, antenna
internal clock stability. buildup, turbulence analysis.

Ultrasonic Sensors Transducer crystal health, Surface echo quality,
temperature compensation acoustic noise interference.
circuit.

Hydrostatic Transmitters Diaphragm integrity, oil fill Process temperature spikes,
pressure, sensor drift. overpressure events.

Magnetic Level Gauges Reed switch status, float Magnetic field strength, float
buoyancy tracking. stuck detection.

| Radar Level Measurement and Signal Analysis

In radar level meters, heartbeat technology analyzes the signal-to-noise ratio
(SNR). As material builds up on the antenna, the signal strength of the actual level
pulse may decrease while the noise floor rises. Advanced algorithms can track this
trend over time. Instead of failing unexpectedly, the device can trigger a
"maintenance required" alarm when the SNR drops below a certain threshold (e.g.,
10 dB), giving the maintenance team days or weeks to schedule a cleaning.

| Hydrostatic Pressure and Diaphragm Monitoring

For hydrostatic level transmitters, the technology monitors the electrical
resistance and capacitance of the sensing element. A common failure mode in
chemical applications is the hydrogen embrittlement or corrosion of the metal
diaphragm. Heartbeat diagnostics can detect subtle changes in the sensor’s
baseline response that indicate a thinning or damaged diaphragm, preventing a
total loss of containment or process contamination.

| Key Benefits for Industrial Operations

Implementing heartbeat technology offers several quantifiable advantages for B2B
industrial operations, particularly in high-stakes environments like chemical
processing or oil and gas.
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Reduction in Proof-Testing Costs: In Safety Instrumented Systems (SIS),
instruments must undergo periodic proof-testing to maintain their Safety Integrity
Level (SIL) rating. Heartbeat verification can often fulfill a significant portion of
these requirements, allowing for "partial proof tests" that do not require pulling the
sensor out of the process.

Predictive Maintenance: By monitoring secondary variables like foam or buildup,
plants can move away from calendar-based maintenance to condition-based
maintenance. This ensures that cleaning only occurs when necessary, preserving
gasket life and reducing technician exposure to hazardous areas.

Enhanced Data Integrity: For inventory management and custody transfer,
accuracy is paramount. Regular electronic verification provides a documented trail
of instrument health, ensuring that the data used for financial calculations remains
reliable.

Simplified Troubleshooting: When a process upset occurs, operators often blame
the instrumentation. Heartbeat technology allows a technician to quickly run a
verification report. If the device passes, the team can focus on process issues
rather than wasting time replacing a functional sensor.

| Selection and Implementation Criteria

When selecting level measurement instruments equipped with heartbeat
technology, engineers should evaluate several technical criteria to ensure the
system meets the application's specific needs.

| Integration and Communication

Diagnostics are only useful if the data reaches the right personnel. Ensure the
instrument supports modern communication protocols such as HART 7, PROFIBUS
PA, or Foundation Fieldbus. These protocols allow the diagnostic data to be
transmitted alongside the 4-20mA primary variable. Furthermore, the Asset
Management System (AMS) or Distributed Control System (DCS) must be capable
of interpreting the DTM (Device Type Manager) or DD (Device Description) files
provided by the manufacturer.

Welk Reference Guide 5



WELK REFERENCE GUIDE Heartbeat Technology

| Documentation and Compliance

In regulated industries (e.g., pharmaceutical or food and beverage), the
verification report generated by the heartbeat technology must be tamper-proof
and formatted for compliance. Check if the device can generate a PDF report
directly or if it requires external software. For safety-related applications, confirm
that the verification coverage (the percentage of dangerous undetected failures
the technology can find) is documented in the SIL functional safety manual.

| Environmental Limitations

While heartbeat technology is robust, its effectiveness can be limited by extreme
process conditions. For instance, if a process operates at temperatures exceeding
400°C (752°F), the internal diagnostic electronics must be adequately cooled or
thermally isolated. Always verify the operating temperature range of the
diagnostic suite, not just the sensing element.

| Installation and Commissioning Best Practices

To maximize the utility of heartbeat technology, proper installation is critical.
Follow these guidelines during the commissioning phase:

1. Establish a Baseline: Once the instrument is installed and the tank is at a known
state (preferably empty or at a stable level), perform an initial verification. This
creates the "original fingerprint" against which all future health checks will be
compared.

2. Configure Alarm Thresholds: Do not rely on factory defaults for monitoring
functions. Set the buildup or foam detection thresholds based on the specific
characteristics of your medium. A viscous oil will require different sensitivity
settings than a light solvent.

3. Verify Power Supply Stability: Advanced diagnostics require stable voltage.
Ensure that the loop power is sufficient, especially when using long cable runs or
barriers in hazardous areas. Inadequate power can lead to false diagnostic errors.
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4. Orientation and Mounting: For radar and ultrasonic sensors, ensure the antenna
or transducer is mounted perfectly vertical. Misalignment can cause internal
algorithms to misinterpret vessel wall reflections as process interference, leading
to inaccurate diagnostic reports.

| Limitations and Considerations

Despite its advantages, heartbeat technology is not a universal solution for every
measurement challenge. It is important to recognize its factual boundaries:

Not a Total Replacement for Calibration: While verification confirms the device is
functioning according to its internal logic, it is not a "wet calibration." If local
regulations or trade requirements demand a physical verification of accuracy using
a secondary standard, heartbeat technology serves as a supplement, not a
replacement.

Complexity of Interpretation: While the technology provides a wealth of data, it
requires trained personnel to interpret complex signal curves or diagnostic codes.
Over-reliance on automated systems without manual oversight can lead to
misinterpreted process conditions.

Initial Cost: Instruments with advanced diagnostic suites typically carry a higher
initial purchase price than basic level switches or transmitters. The Return on
Investment (ROI) must be calculated based on long-term maintenance savings and
risk reduction.

| Frequently Asked Questions (FAQ)

Q: Does heartbeat technology require a constant connection to a computer?

A: No. The diagnhostic and monitoring functions run continuously on the
instrument's internal processor. Data can be accessed periodically via a handheld
communicator, a wireless HART adapter, or a permanent connection to a control
system.

Q: Can heartbeat technology detect a leaking bypass chamber?
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A: In some cases, yes. If the technology is integrated into a guided wave radar or a
magnetic level gauge, it can detect signal abnormalities caused by liquid entering
areas where it shouldn't be, though this depends on the specific device
configuration.

Q: Is the verification process safe to run while the plant is operating?

A: Yes, one of the primary design goals of heartbeat technology is to allow
verification during active production without affecting the 4-20mA output signal or
triggering safety shutdowns.

Q: How long does a typical verification take?

A: For most modern level instruments, a complete internal verification takes less
than three minutes.

For more information on selecting the right level measurement technology for your
specific industrial application, you can Review product options and application
support to find the most suitable solution for your process requirements.
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