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What Is Time Constant

A practical guide to what is time constant, covering the reader intent, the
relationship to what is time constant, 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 field of industrial process control and level measurement, accuracy is often
the primary focus of engineers and technicians. However, the speed at which a
measurement device responds to changes in the process is equally critical. This
responsiveness is defined by a parameter known as the time constant.
Understanding what is time constant and how it affects the performance of level
measurement instruments—such as radar level meters, ultrasonic sensors, and
hydrostatic transmitters—is essential for maintaining process stability and safety.

A time constant is a mathematical representation of the time required for a
system's output to reach a specific percentage of its final value following a step
change in the input. In level measurement, it serves as a damping factor that
filters out transient fluctuations, such as surface waves or turbulence, to provide a
steady and readable signal. For professionals sourcing equipment from a
specialized manufacturer like Welk, selecting the correct time constant is a
balance between signal stability and response speed.

| Measurement Principles and the Time Constant

The time constant, typically denoted by the Greek letter tau (T), is a fundamental
concept in first-order linear time-invariant systems. When a level sensor detects a
sudden change in liquid height—for example, a rapid filling of a tank—the output
signal does not jump instantaneously to the new value. Instead, it follows an
exponential curve.

| The 63.2% Rule

By definition, one time constant (17) is the time it takes for the instrument's output
to reach approximately 63.2% of the difference between its initial value and the
new steady-state value. After two time constants (21), the signal reaches 86.5%;
after three (37), it reaches 95%; and it is generally considered to have reached its
final value (99.3%) after five time constants (571).

In practical level measurement, the time constant is often implemented through
digital or analog filtering. For instance, if a radar level meter is set with a time
constant of 5 seconds, and the liquid level suddenly rises by 1 meter, the display
will show a rise of 0.632 meters after 5 seconds. It will take approximately 25
seconds (5t) for the meter to accurately reflect the full 1-meter change.
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| Signal Damping and Smoothing

The primary purpose of a time constant in level instruments is signal damping.
Industrial environments are rarely static; liquid surfaces may experience agitation
from mixers, splashing from inlet pipes, or surface ripples caused by wind in
outdoor tanks. Without a time constant, the output signal would oscillate rapidly,
causing "jitter" in the control system. By increasing the time constant, the
high-frequency noise is filtered out, resulting in a smooth, averaged level reading.

| Time Constant Characteristics Across Technologies

Different level measurement technologies interact with the time constant in unique
ways based on their physical measurement principles. On the Main Page of
technical catalogs, you will find various instruments that handle signal processing
differently.

| Radar Level Meters

Radar level meters utilize high-frequency electromagnetic waves to measure
distance. Because these waves travel at the speed of light, the raw measurement
is nearly instantaneous. However, radar signals can be sensitive to surface
turbulence or steam. Manufacturers incorporate adjustable time constants into the
software to allow users to smooth the output. For high-speed applications, such as
small tanks with fast-acting valves, a short time constant is preferred. For large
storage tanks with significant surface agitation, a longer time constant prevents
the control system from reacting to every ripple.

| Ultrasonic Level Sensors

Ultrasonic sensors function by emitting sound pulses and measuring the time of
flight for the echo to return. These sensors often encounter "false echoes" from
internal tank structures or foam. The time constant in ultrasonic devices is
frequently paired with sophisticated algorithms that ignore outliers. If the time
constant is set too low, the sensor may momentarily report an incorrect level if it
catches a stray reflection from a wave peak.
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| Hydrostatic Level Transmitters

Hydrostatic sensors measure the pressure exerted by a liquid column. These are
inherently more stable than non-contact methods because the mass of the liquid
acts as a natural dampener. However, in applications involving fast-moving liquids
or pump discharge lines, pressure spikes (water hammer) can occur. A time
constant in the transmitter’s electronics ensures that these momentary pressure
surges do not trigger false high-level alarms.

| Practical Selection and Engineering Guidelines

Choosing the correct time constant requires an understanding of the specific
process dynamics. A time constant that is too short leads to an unstable signal and
excessive wear on final control elements (like valves and pumps). A time constant
that is too long creates "measurement lag,"” which can lead to tank overflows or
pump cavitation because the system did not react quickly enough to a level
change.

| Selection Table for Typical Applications
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Application Type Process Dynamics Recommended Engineering Goal

Time Constant (1)

Storage Tanks Slow filling/emptying 10 - 30 seconds Maximum signal
stability; ignore
minor surface
ripples.

Process Vessels Moderate agitation 5 - 10 seconds Balance between
filtering mixer noise
and tracking level
changes.

Sumps / Lift Stations Rapid pump-down 2 - 5 seconds Ensure pumps turn
off/on accurately to
prevent dry running.

Chemical Reactors High-speed reactions 1 - 3 seconds Fast response to
prevent runaway
conditions or
overflows.

Open Channels Constant flow 5 - 15 seconds Smooth out surface
turbulence caused by
flow velocity.

| Installation Considerations

When configuring the time constant during installation, engineers should consider
the following:

1. Control Loop Integration: If the level sensor is part of a PID
(Proportional-Integral-Derivative) control loop, the sensor's time constant must be
significantly smaller than the process time constant to avoid instability and
oscillation.

2. Mechanical Damping: In many cases, mechanical solutions like stilling wells or
bypass pipes can reduce the need for high electronic time constants. A stilling well
physically dampens the liquid surface, allowing for a shorter electronic time
constant and faster overall response.
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3. Safety Thresholds: For high-high (HH) or low-low (LL) safety shutdowns, the time
constant should be kept as low as possible to ensure the safety instrumented
system (SIS) triggers immediately in an emergency.

| Limitations and Risks of Improper Configuration

While the time constant is a powerful tool for sighal conditioning, it is not a cure-all
for poor installation or incorrect sensor selection. There are several risks
associated with improper settings:

Phase Lag in Control Loops: In automated systems, a large time constant
introduces a delay between the actual level change and the controller's response.
This delay can cause the controller to "overshoot," leading to a cycle of constant
hunting where the valve never reaches a steady state.

Masking Real Problems: A very long time constant might hide the fact that a tank's
agitation system is causing dangerous levels of splashing or that a sensor is
struggling to maintain a lock on the liquid surface.

Averaging Errors: In non-linear tanks (such as horizontal cylindrical tanks), a
simple time constant might not accurately represent the volume change if the
level is moving through a section where the cross-sectional area changes rapidly.

|Frequent|y Asked Questions (FAQs)

Q: Is the time constant the same as response time?

A: Not exactly. Response time usually refers to the total time from the start of a
change to when the output reaches a specified percentage (often 95% or 100%).
The time constant is a specific mathematical component of that response (the
63.2% mark).

Q: Can | change the time constant after the sensor is installed?

A: Yes, most modern digital level meters, including those from Welk, allow the time
constant (or damping factor) to be adjusted via the user interface, HART
communicator, or configuration software.
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Q: Does a longer time constant improve accuracy?

A: It improves precision (repeatability) by reducing noise, but it does not improve
the fundamental accuracy of the sensor. If the sensor is miscalibrated, a long time
constant will simply give you a very stable, incorrect reading.

Q: How do | know if my time constant is too high?

A: If you observe that your control valve is reacting long after a level change has
occurred, or if the tank level consistently exceeds its setpoint before the system
corrects it, your time constant is likely too high.

| Conclusion

Determining what is time constant for a specific industrial application is a vital step
in process optimization. Whether utilizing radar, ultrasonic, or hydrostatic
technologies, the time constant allows engineers to tailor the instrument's
behavior to the unique environment of the vessel. By balancing the need for a
clean, stable signal with the requirement for timely response, operators can ensure
efficient production and prevent costly process upsets. For more detailed technical
specifications and to explore level measurement solutions designed for diverse
industrial needs, visit the Main Page of our product catalog.
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