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In the field of industrial process control, the integrated pressure transducer serves
as a cornerstone for accurate and reliable level measurement. By converting the
physical force of liquid pressure into a standardized electrical signal, these devices
allow for real-time monitoring of tank levels, reservoir depths, and borehole water
heights. For professionals in water treatment, chemical processing, and oil and
gas, understanding the nuances of these instruments is essential for maintaining
system safety and efficiency.

An integrated pressure transducer differs from modular pressure systems by
housing the sensing element, signal conditioning electronics, and temperature
compensation components within a single, often hermetically sealed, enclosure.
This design minimizes electrical noise, simplifies installation, and enhances the
device's durability in harsh industrial environments.

| Fundamental Measurement Principles

Before selecting an instrument, it is critical to understand the physics governing its
operation. Integrated pressure transducers used for level measurement typically
operate on the principle of hydrostatic pressure.

| The Hydrostatic Law

According to Pascal’s Law, the pressure exerted by a liquid column at rest is
directly proportional to its height. The relationship is defined by the formula:

P=p-g-h

Where:

P is the hydrostatic pressure (measured in Pascals or Bar).

p (rho) is the density of the liquid (kg/ms3).

g is the gravitational acceleration (approximately 9.81 m/s?).

h is the height of the liquid column (meters).
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Since gravity is constant and the density of the liquid is usually known, the
integrated pressure transducer measures the pressure (P) and the control system
calculates the height (h). In applications where the tank is open to the atmosphere,
the transducer must account for atmospheric pressure to prevent measurement
errors. This is typically achieved using a vented cable that allows the internal side
of the sensor diaphragm to "breathe," effectively canceling out the atmospheric
pressure acting on the liquid surface.

| Sensing Technologies

Most modern integrated pressure transducers utilize one of two primary sensing
technologies:

1. Piezoresistive Silicon: These sensors use a silicon diaphragm with integrated
strain gauges. When pressure is applied, the diaphragm deforms, changing the
electrical resistance of the gauges. This technology offers high sensitivity and
excellent long-term stability.

2. Ceramic Capacitive: These sensors feature a ceramic diaphragm that acts as
one plate of a capacitor. As pressure moves the diaphragm closer to a fixed
electrode, the capacitance changes. Ceramic sensors are highly resistant to
corrosion and mechanical abrasion, making them ideal for aggressive chemical
applications.

| Components of an Integrated Design

The "integrated" nature of these transducers refers to the consolidation of several
critical subsystems into one unit:

The Sensing Element: The primary interface that contacts the process media.

Signal Conditioning Circuitry: An Application-Specific Integrated Circuit (ASIC) that
amplifies the weak millivolt signal from the sensor and converts it into a robust
output, such as 4-20mA, 0-10V, or digital protocols like Modbus RS485.
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Temperature Compensation: Because the physical properties of sensors change
with temperature, integrated units include internal thermistors to provide real-time
corrections, ensuring accuracy across a wide operating range (typically -20°C to
185°C).

Housing: Often constructed from 316L stainless steel, titanium, or specialized
plastics like PVDF for chemical compatibility.

For a detailed look at how these components integrate into various industrial level
measurement solutions, engineers can refer to the Main Page for technical
specifications and product configurations.

| Selection Criteria and Technical Specifications

Choosing the correct integrated pressure transducer requires a thorough
evaluation of the application's physical and chemical parameters. The following
table provides a comparison of common configurations used in industrial level
measurement.

| Selection Comparison Table

Submersible External Threaded High-Temperature
Transducer Transducer Variant

Installation Dropped into the Mounted to a Mounted via cooling
tank/well side-wall nozzle spacers

Primary Use Reservoirs, deep Process tanks, Steam systems, hot
wells, sumps pressurized vessels oil tanks

Protection Rating IP68 (Permanent IP65/IP67 (Splash IP65
immersion) proof)

Pressure Type Gauge (Vented) Gauge or Absolute Gauge or Absolute

Typical Accuracy 0.25% to 0.5% FS 0.1% to 0.5% FS 0:5%ES

Chemical Resistance High (with proper Dependent on Dependent on seal
cable jacket) diaphragm material material
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| Key Evaluation Factors

1. Pressure Range: The sensor's full-scale range should be approximately 10-20%
higher than the maximum expected liquid height to prevent damage from pressure
surges (water hammer).

2. Media Compatibility: Ensure that the diaphragm and housing materials are
compatible with the process fluid. For example, 316L stainless steel is suitable for
water, but Hastelloy C or ceramic diaphragms may be required for hydrochloric
acid.

3. Output Signal: In most industrial environments, a 4-20mA current loop is
preferred due to its immunity to electrical noise over long cable runs.

| Installation Considerations

Proper installation is as critical as sensor selection for ensuring long-term reliability
of an integrated pressure transducer.

| Submersible Installation

When installing a submersible integrated pressure transducer, the cable must be
secured to prevent the sensor from moving due to turbulence. In deep wells or
fast-moving water, use a stilling well (a perforated pipe) to protect the sensor from
mechanical stress and debris.

Venting: The vented cable must terminate in a dry environment. Use a desiccant
box at the termination point to prevent moisture from entering the vent tube,
which could lead to internal condensation and sensor failure.

Cable Support: Use a proper cable clamp that supports the weight of the cable
without pinching the internal vent tube.
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| External Mounting

For transducers mounted on the side of a tank, the sensor should be located at the
lowest point of the desired measurement range.

Isolation Valves: Always install a block-and-bleed valve between the process and
the transducer. This allows for the removal and calibration of the sensor without
draining the tank.

Orientation: Mount the transducer horizontally or with the diaphragm facing
downwards to prevent the accumulation of sediment or air bubbles against the
sensing surface.

| Limitations and Environmental Constraints

While highly versatile, the integrated pressure transducer has specific limitations
that must be managed:

Density Sensitivity: Since these devices measure weight, any change in the liquid's
density (due to temperature changes or chemical concentration shifts) will result in
a level error. If the density varies significantly, a secondary temperature or density
probe may be required for compensation.

Turbulence and Foam: Heavy surface foam does not affect hydrostatic sensors
(unlike ultrasonic or radar sensors), but high-velocity turbulence can cause
localized pressure fluctuations (Bernoulli effect), leading to unstable readings.

Mechanical Damage: The sensing diaphragms are extremely thin (often less than
0.1mm). They should never be touched with fingers or cleaned with sharp objects,
as this will permanently shift the calibration or rupture the seal.

| Maintenance and Calibration

To maintain the accuracy of an integrated pressure transducer, a regular
maintenance schedule is recommended.
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1. Zero-Point Check: Periodically check the sensor's output when the tank is empty
or the sensor is removed from the liquid. A "zero shift" is common over time due to
mechanical fatigue or temperature cycling.

2. Cleaning: In wastewater or slurry applications, build-up on the diaphragm can
cause sluggish response or offset errors. Clean the sensor using a soft cloth and
mild detergent; avoid high-pressure water jets directly on the diaphragm.

3. Cable Integrity: Inspect the outer jacket of submersible cables for nicks or
abrasions. Even a small pinhole can allow water to wick into the electronics via
capillary action.

| Frequently Asked Questions (FAQ)

Q: Can an integrated pressure transducer be used in a pressurized tank?

A: Yes, but it requires a differential pressure configuration. A standard integrated
hydrostatic sensor only measures the pressure above it. In a pressurized tank, you
must subtract the headspace pressure from the total bottom pressure to find the
liquid level.

Q: What is the difference between an integrated pressure transducer and a
pressure transmitter?

A: In common industrial parlance, the terms are often used interchangeably.
Technically, a "transducer" produces a voltage signal, while a "transmitter"
converts that signal into a standardized current loop (4-20mA) or digital signal.
Most "integrated" units are technically transmitters.

Q: How long can the cable be for a submersible integrated pressure transducer?

A: For 4-20mA signals, cables can extend up to 1,000 meters or more, provided the
power supply voltage is sufficient to overcome the loop resistance. However, long
cables increase the risk of lightning strikes or electrical surges, requiring surge
protection modules.

Q: Does the sensor need to be recalibrated if the liquid temperature changes?
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A: Most high-quality integrated pressure transducers have built-in temperature
compensation. However, if the temperature change causes the liquid's density to

change significantly, the control system must be updated with the new density
value to maintain level accuracy.

For further technical guidance on selecting the right instrumentation for your

specific industrial application, please consult the resources available on the Main
Page.
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