High Speed Pressure Sensor

A practical guide to high speed pressure sensor, covering the reader intent, the
relationship to high speed pressure sensor, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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In industrial automation and process engineering, the ability to monitor pressure
changes in real-time is critical. While standard pressure transmitters are suitable
for monitoring static or slowly changing tank levels, certain applications require a
high speed pressure sensor capable of capturing transients that occur in
milliseconds or even microseconds. These dynamic events—such as pressure
surges, explosions, combustion cycles, or hydraulic water hammers—require
specialized sensing technology and high-frequency data acquisition.

This guide provides a technical overview of high speed pressure sensing, the
underlying measurement principles, and the criteria necessary for selecting the
right instrument for demanding industrial environments.

Understanding Dynamic Pressure Measurement
Principles

To understand a high speed pressure sensor, one must distinguish between static
and dynamic pressure. Static pressure is the pressure of a fluid at rest or moving
at a constant velocity. Dynamic pressure measurement involves capturing rapid
fluctuations. Standard industrial transmitters often employ heavy damping to
provide a stable reading, which filters out the very high-frequency data needed for
transient analysis.

| Frequency Response and Rise Time

The performance of a high speed pressure sensor is defined primarily by its
frequency response and rise time. Frequency response refers to the range of
frequencies over which the sensor can accurately measure pressure without
significant signal attenuation. Rise time is the time required for the sensor output
to change from 10% to 90% of its final value in response to a step change in
pressure. For high-speed applications, rise times are typically measured in
microseconds (Js).
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| Natural Frequency

Every mechanical sensing element has a natural frequency (resonant frequency). If
the frequency of the pressure event approaches the natural frequency of the
sensor, the signal will be amplified, leading to inaccurate data or mechanical
failure. As a rule of professional engineering, the sensor’s natural frequency should
be at least five to ten times higher than the highest frequency component of the
pressure wave being measured.

| Key Technologies in High Speed Pressure Sensing

Different sensing technologies offer varying trade-offs between speed, sensitivity,
and environmental resilience. The three most common technologies used in
high-speed applications are piezoelectric, piezoresistive, and optical sensors.

| Piezoelectric Sensors

Piezoelectric sensors utilize crystals (like quartz) or ceramic materials that
generate an electrical charge when subjected to mechanical stress. These are the
gold standard for high-speed dynamic measurements. They are exceptionally rigid,
leading to very high natural frequencies (often exceeding 500 kHz). However, they
are generally "AC coupled," meaning they cannot measure static pressure over
long periods because the charge eventually leaks away.

| Piezoresistive Sensors

Piezoresistive sensors use a silicon diaphragm with integrated strain gauges.
Unlike piezoelectric types, these can measure both static and dynamic pressure
(DC coupled). While traditionally slower than piezoelectric sensors, modern
micro-machined (MEMS) piezoresistive sensors can achieve frequency responses in
the tens or hundreds of kilohertz, making them versatile for applications requiring
both level monitoring and transient detection.
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| Fiber Optic Sensors

In environments with extreme electromagnetic interference (EMI) or high
temperatures, fiber optic pressure sensors are used. They measure pressure by
detecting the displacement of a diaphragm using light. Because they do not use
electrical signals at the sensing point, they are immune to lightning strikes and
high-voltage transients, though their signal conditioning electronics can sometimes
limit the ultimate sampling speed.

| Technical Evaluation Criteria for Industrial Selection

When specifying a high speed pressure sensor for a project, engineers must look
beyond the basic pressure range. The following criteria are essential for ensuring
data integrity.

1. Sampling Rate of the System: A high-speed sensor is only as good as the Data
Acquisition (DAQ) system it is connected to. According to the Nyquist theorem, the
sampling rate must be at least twice the highest frequency of interest, though in
practice, 10x oversampling is preferred for accurate waveform reconstruction.

2. Thermal Stability: Rapid pressure changes often accompany rapid temperature
changes (thermal shock). A sensor must be compensated to prevent thermal drift
from being misinterpreted as a pressure change.

3. Acceleration Sensitivity: In high-vibration environments, the mass of the sensor
diaphragm can act like an accelerometer, creating a false pressure signal.
High-quality sensors are desighed with low-mass diaphragms to minimize this
effect.

4. Signal Conditioning: High-impedance signals from piezoelectric sensors require
charge amplifiers or Integrated Circuit Piezoelectric (ICP/IEPE) electronics to
convert the charge into a low-impedance voltage signal suitable for long cable
runs.
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| Selection Guide: Comparing Sensor Architectures

The following table summarizes the typical performance characteristics of various
sensor types used in high-speed applications.

m Piezoelectric (PE) Piezoresistive (PR) Fiber Optic

Measurement Type Dynamic Only Static & Dynamic Static & Dynamic
Frequency Response Very High (=500 Medium to High (up Medium (up to 50
kHz) to 100 kHz) kHz)
Temperature Range Up to 400°C+ Up to 150°C Up to 600°C+
(standard)
EMI Immunity Moderate Low Excellent
Typical Application Blast, Shockwaves Hydraulic Transients Aerospace, Oil & Gas

| Installation and Mounting Considerations

The physical installation of a high speed pressure sensor significantly impacts the
accuracy of high-frequency data.

| Flush Mounting vs. Recessed Mounting

For the most accurate capture of fast transients, flush mounting is preferred. This
places the sensor diaphragm directly in contact with the process flow. If the sensor
is recessed behind a small port or "dead volume," a Helmholtz resonance can
occur. This cavity acts like an organ pipe, creating standing waves that distort the
pressure signal at specific frequencies.
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| Cable Management and Noise

High-speed signals are susceptible to electrical noise. When using piezoelectric
sensors without internal electronics, specialized low-noise coaxial cables must be
used to prevent "triboelectric noise" (noise generated by the movement of the
cable itself). For industrial automation, using IEPE sensors that output a
low-impedance voltage is often the most practical solution for maintaining signal
integrity over distances exceeding 10 meters.

Common Risks and Limitations in High-Speed
Applications

Engineers should be aware of the following risks when implementing high-speed
monitoring:

Aliasing: If the sampling rate is too low, high-frequency pressure oscillations can
appear as low-frequency phantoms in the data. This is corrected using analog
anti-aliasing filters before the signal is digitized.

Mechanical Resonance: If the pressure pulse has a rise time faster than the
sensor’s rise time, the sensor may "ring" at its natural frequency, obscuring the
actual pressure data.

Overpressure Damage: High-speed transients, such as those found in water
hammer events, can reach magnitudes many times higher than the nominal
operating pressure. Ensuring the sensor has a high proof pressure rating is vital for
longevity.

| Integration with Level Measurement Systems

In many industrial contexts, high-speed pressure sensing is a complementary
technology to traditional level measurement. For instance, in large-scale water
treatment or chemical processing plants, Welk provides a range of level
measurement instruments including radar, ultrasonic, and hydrostatic level
transmitters.
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While a standard hydrostatic level transmitter is used to determine the volume of
liquid in a tank based on the weight of the fluid column, a high speed pressure
sensor might be installed in the associated piping to monitor for pump cavitation or
valve-closing surges that could damage the level sensing infrastructure.
Understanding the dynamic behavior of the fluid system ensures that level
measurement remains accurate and that the primary sensors are protected from
destructive pressure spikes. For more information on selecting the right
instrumentation for your specific process, you can Review product options and
application support at our Main Page.

|Frequent|y Asked Questions (FAQs)

Q: Can | use a standard 4-20mA pressure transmitter for high-speed events?

A: Generally, no. Standard 4-20mA loops have a limited bandwidth (usually less
than 100 Hz) and the internal electronics of the transmitter often include damping
filters to stabilize the signal. For events faster than 10ms, a dedicated high-speed
sensor with a voltage or digital output is required.

Q: What is the difference between an IEPE and a Charge Output sensor?

A: A charge output sensor provides a raw electrical charge and requires an
external charge amplifier. An IEPE (Integrated Electronics Piezo-Electric) sensor
has the amplifier built-in, allowing it to be powered by a constant current source
and providing a simpler voltage output.

Q: How do | calculate the required frequency response for my application?

A: A practical rule of thumb is to determine the fastest rise time ($tr$) you expect
to measure. The required system bandwidth ($fc$) can be estimated using the
formula: $fc = 0.35 / tr$. For example, a 1 ms rise time requires at least 350 Hz
bandwidth, while a 1 ps rise time requires 350 kHz.

Q: Does pipe diameter affect high-speed pressure readings?

A: Yes. In piping systems, pressure waves travel at the speed of sound in the fluid.
The diameter and material of the pipe (stiffness) affect the wave propagation
speed and the intensity of reflections, which a high-speed sensor will capture as
complex oscillations.
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By carefully considering the measurement principles and installation requirements,
engineers can successfully implement high speed pressure sensors to gain deeper
insights into their dynamic processes, ensuring both safety and efficiency in
industrial operations.



