Pressure Sensor Types

A practical guide to pressure sensor types, covering the reader intent, the
relationship to pressure sensor types, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.




Pressure Sensor Types

Main topic: Main Page
https://www.level-meters.com/

In industrial automation and process control, pressure sensors serve as the
fundamental sensory organs for monitoring system health and fluid dynamics.
Whether measuring the force within a hydraulic line or determining the liquid level
in a storage tank via hydrostatic head, selecting the correct instrument requires a
deep understanding of the various pressure sensor types and their underlying
physics. This guide explores the engineering principles, technological variations,
and selection criteria essential for professional application.

| Fundamental Measurement Principles

Before categorizing pressure sensor types by their application, it is critical to
understand the physical phenomena used to convert mechanical pressure into an
electrical signal. Most modern industrial sensors rely on the deflection of a
diaphragm, but the method of detecting that deflection varies.

| Piezoresistive Sensors

This is the most common principle used in industrial applications. Piezoresistive
sensors utilize strain gauges—often made of silicon or metal foil—bonded to a
diaphragm. When pressure is applied, the diaphragm deforms, causing a change in
the electrical resistance of the strain gauges. This change is typically measured
using a Wheatstone bridge circuit. Piezoresistive sensors are favored for their high
sensitivity and robustness, though they can be susceptible to temperature
fluctuations if not properly compensated.

| Capacitive Sensors

Capacitive pressure sensors measure the change in electrical capacitance
between a flexible diaphragm and a fixed backplate. As pressure moves the
diaphragm, the distance between the plates changes, altering the capacitance.
These sensors are known for their extreme sensitivity and ability to measure very
low pressures. They are also inherently more resistant to overpressure because
the diaphragm can bottom out against the backplate without breaking.
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| Resonant Wire and Optical Sensors

In high-precision environments, resonant wire sensors measure the change in
resonant frequency of a wire under tension as the diaphragm moves. Optical
sensors, on the other hand, use fiber optics to detect diaphragm displacement,
making them immune to electromagnetic interference (EMI) and suitable for
hazardous or high-voltage environments.

| Categorization by Reference Pressure

Pressure is a relative measurement. To provide a meaningful value, a sensor must
compare the process pressure against a known reference. The three primary
pressure sensor types defined by their reference are gauge, absolute, and
differential.

| 1. Gauge Pressure Sensors

Gauge pressure is measured relative to the local atmospheric pressure. The back
of the sensing diaphragm is vented to the atmosphere through a small tube or vent
in the cable. This ensures that the sensor ignores changes in barometric pressure
caused by weather or altitude. Gauge pressure is the standard for most industrial
tank level measurements and pipe pressure monitoring.

| 2. Absolute Pressure Sensors

Absolute pressure sensors measure pressure relative to a perfect vacuum sealed

within the device. These are used when atmospheric fluctuations would introduce

unacceptable errors, such as in vacuum distillation processes, barometric weather
monitoring, or high-altitude aerospace applications.
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|3. Differential Pressure (DP) Sensors

Differential pressure sensors measure the difference between two distinct pressure
points. They feature two process ports (High and Low). In level measurement, DP
sensors are essential for pressurized tanks; the "High" side measures the total
pressure at the bottom (liquid + headspace gas), while the "Low" side measures
only the headspace gas pressure. The sensor subtracts the gas pressure to provide
a clean reading of the liquid level.

| Industrial Pressure Sensor Technologies

Beyond the measurement reference, the physical construction of the sensor
determines its suitability for specific media and environments. Engineers must
choose between various material-based pressure sensor types.

Ceramic Sensors: These utilize a thick-film strain gauge on a ceramic base.
Ceramic is highly resistant to corrosion and abrasion, making these sensors ideal
for aggressive chemicals or slurries where stainless steel might fail.

Silicon-on-Sapphire (SoS): By bonding silicon to a sapphire diaphragm,
manufacturers create a sensor with exceptional thermal stability and radiation
resistance. These are often found in high-temperature or aerospace applications.

Thin-Film Sensors: These are produced by sputtering thin layers of metal or
dielectric material onto a stainless steel diaphragm. They offer excellent long-term
stability and are highly resistant to vibration and shock, common in heavy
machinery and hydraulic systems.

| Pressure Sensors in Level Measurement

One of the most significant applications for these instruments is hydrostatic level
measurement. According to the hydrostatic principle, the pressure at the bottom of
a liquid column is directly proportional to its height ($h = P/ (\rho \cdot g)$). For
engineers reviewing level measurement options, understanding the specific Main
Page for technical specifications is essential for matching the sensor to the fluid
density and tank geometry.
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| Submersible vs. External Sensors

Submersible Level Transmitters: These are gauge pressure sensors designed to be
lowered directly into the liquid. They are encased in waterproof housing (often
IP68) with a vented cable to provide the atmospheric reference. They are ideal for
open wells, reservoirs, and lift stations.

Flange-Mounted / Threaded Sensors: These are mounted to the side or bottom of a
tank. They are easier to maintain as they do not require removal from the top of
the vessel, but they require a process connection (hole) in the tank wall.

| Practical Selection Table

Piezoresistive General industrial, 0.25% to 0.5% FS Temperature
hydraulics sensitivity

Capacitive Low pressure, 0.05% to 0.1% FS Sensitive to vibration
laboratory

Ceramic Corrosive chemicals, 0.5% FS Lower overpressure
wastewater limit

Differential Pressurized tanks, 0.1% to 0.25% FS Complex installation
flow measurement (impulse lines)

Submersible Deep wells, open 0.2% to 0.5% FS Difficult to calibrate
reservoirs in-situ

| Installation Considerations and Best Practices

Selecting the right pressure sensor types is only half the battle; proper installation
is required to maintain accuracy and longevity.

1. Venting and Moisture: For gauge sensors, the vent tube must remain
unobstructed. In humid environments, a desiccant filter or a specialized bellows
should be used to prevent moisture from entering the vent tube and causing
internal corrosion or signal drift.
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2. Mounting Position: Sensors should be mounted where the fluid is relatively
stagnant. Installing a sensor directly in the path of an inlet flow or near an agitator
can cause "noise" in the readings due to turbulence.

3. Impulse Lines: For differential pressure sensors in steam or high-temperature
applications, impulse lines (small diameter pipes) are used to distance the sensor
from the heat. These lines must be sloped to prevent gas bubbles (in liquid lines)
or condensate (in gas lines) from becoming trapped.

4. Electrical Isolation: In environments with heavy motors or VFDs (Variable
Frequency Drives), ensure the sensor is properly grounded and uses shielded
cabling to prevent EMI from distorting the 4-20mA or digital signal.

| Limitations and Common Risks

While pressure sensors are highly reliable, they are subject to specific failure
modes that engineers must mitigate:

Overpressure and Pressure Spikes: Rapid valve closures can create "water
hammer" effects, producing pressure spikes many times the rated limit of the
sensor. Using a pressure snubber or choosing a sensor with a high overpressure
rating (e.g., 3x or 4x the nominal range) is necessary in these systems.

Chemical Compatibility: The diaphragm material (316L Stainless Steel, Hastelloy,
Tantalum, or Ceramic) must be compatible with the process media. Even a small
amount of corrosion can change the diaphragm's thickness, leading to permanent
calibration drift.

Thermal Shift: All sensors experience some degree of error when the temperature
changes. While high-quality transmitters include active temperature compensation,
extreme shifts can still impact accuracy. In such cases, remote seals (capillary
systems) may be used to isolate the electronics from the heat.

| Frequently Asked Questions (FAQ)

Q: What is the difference between a pressure sensor, a pressure transducer, and a
pressure transmitter?
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A: While the terms are often used interchangeably, a sensor is the raw element
(e.g., the Wheatstone bridge). A transducer converts the sensor signal into a
millivolt or voltage output. A transmitter is a more robust device that converts the
signal into a standardized industrial format like 4-20mA, HART, or Modbus, suitable
for long-distance transmission.

Q: How often should industrial pressure sensors be calibrated?

A: For most industrial applications, an annual calibration check is standard.
However, in critical custody transfer or highly corrosive environments, semi-annual
or quarterly checks may be required to ensure accuracy remains within the
specified tolerance.

Q: Can | use a gauge pressure sensor on a sealed tank?

A: No. If the tank is sealed, the headspace pressure will change as the liquid level
rises or falls, or as the temperature changes. A gauge sensor will not be able to
distinguish between liquid height and headspace pressure. You must use a
differential pressure sensor or two absolute sensors to calculate the difference.

Q: Why is 4-20mA the preferred output for these sensors?

A: The 4-20mA current loop is highly resistant to electrical noise and can travel
long distances without signal loss. Furthermore, the "live zero" (4mA) allows the
system to detect a broken wire if the current drops to OmA.

| Conclusion

Identifying the appropriate pressure sensor types involves balancing the physical
requirements of the media with the precision demands of the process. From the
robust simplicity of piezoresistive gauge sensors to the complex accuracy of
differential pressure transmitters, these tools are indispensable for modern
industrial level and flow control. When planning a new installation or upgrading an
existing system, engineers should consult detailed technical documentation and
manufacturer specifications to ensure the chosen instrument can withstand the
operational stresses of the specific environment.



