WELK | REFERENCE GUIDE

Pressure Transmitters

A practical guide to pressure transmitters, covering the reader intent, the
relationship to pressure transmitters, 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 complex world of industrial process control, pressure transmitters serve as
the primary sensory interface between physical mechanical forces and digital
automation systems. While their fundamental purpose is to measure the force
exerted by a fluid or gas, their application extends far beyond simple pressure
monitoring. In modern B2B industrial environments—ranging from chemical
processing and water treatment to oil and gas extraction—pressure transmitters
are the backbone of hydrostatic level measurement, flow rate calculation, and
system safety protocols.

As a professional manufacturer of industrial level measurement instruments, Welk
provides a diverse range of solutions designed to meet the rigorous demands of
global industrial automation. Understanding the technical nuances, selection
criteria, and installation requirements of pressure transmitters is essential for
engineers and procurement professionals looking to ensure long-term operational
reliability and accuracy.

| Fundamental Principles of Pressure Measurement

To effectively deploy pressure transmitters, one must first understand the
underlying physics that allow these devices to convert mechanical stress into a
standardized electrical signal. Most industrial transmitters utilize one of three
primary sensing technologies, each offering distinct advantages depending on the
process environment.

| Piezoresistive Sensing Technology

Piezoresistive sensors are the most widely used in the industry due to their
robustness and cost-effectiveness. The technology relies on the piezoresistive
effect, where the electrical resistance of a semiconductor (typically silicon)
changes when subjected to mechanical strain. In a standard transmitter, a sensing
diaphragm—often constructed from 316L stainless steel or specialized alloys like
Hastelloy—deflects under the pressure of the process fluid. This deflection is
transmitted through a fill fluid (usually silicone oil) to a silicon chip. The resulting
change in resistance is processed by internal electronics into a 4-20mA current
loop or a digital signal. These sensors are excellent for general-purpose
applications but must be carefully selected when dealing with high-temperature
processes.
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| Capacitive Sensing Technology

Capacitive pressure transmitters measure the change in electrical capacitance
between a flexible sensing diaphragm and two fixed capacitor plates. As pressure
is applied, the diaphragm moves, changing the distance between the plates and,
consequently, the capacitance. This technology is highly sensitive and offers
superior long-term stability, making it the preferred choice for low-pressure ranges
and high-precision differential pressure applications. Because the diaphragm
movement is extremely small, capacitive sensors are less prone to mechanical
fatigue than other types.

| Resonant Silicon Sensors

Used in high-end applications, resonant silicon sensors utilize a
micro-electromechanical system (MEMS) where a silicon resonator is vibrated at its
natural frequency. When pressure is applied, the tension on the resonator
changes, shifting its frequency. This frequency shift is highly linear and immune to
many types of electrical noise, providing exceptional accuracy for custody transfer
or high-stakes safety systems.

| Classifications and Operational Modes

Pressure measurement is never performed in a vacuum—unless, of course, that is
the specific intent. Transmitters are classified based on the reference point used
for the measurement. Selecting the wrong reference type is a common error in
system design that can lead to significant measurement inaccuracies.

| Gauge Pressure (GP)

Gauge pressure transmitters measure the process pressure relative to the local
atmospheric pressure. The back side of the sensing diaphragm is vented to the
atmosphere through a small tube or vent in the housing. This ensures that any
changes in local barometric pressure do not affect the reading. Gauge pressure is
the standard for open-tank level measurement and general piping systems.
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| Absolute Pressure (AP)

Absolute pressure transmitters measure pressure relative to a perfect vacuum
(zero pressure). The reference chamber behind the diaphragm is evacuated and
permanently sealed. These instruments are critical in vacuum distillation,
evaporation processes, and meteorological applications. Using an absolute
pressure transmitter is necessary whenever the process must be independent of
fluctuations in atmospheric weather patterns.

| Differential Pressure (DP)

Differential pressure transmitters measure the difference between two distinct
pressure points (the High side and the Low side). This is perhaps the most versatile
category of pressure transmitters. In level measurement, DP transmitters are used
for pressurized or sealed tanks. By measuring the pressure at the bottom of the
tank and subtracting the gas pressure in the headspace, the transmitter can
isolate the hydrostatic pressure of the liquid alone. DP transmitters are also the
primary tool for measuring flow across an orifice plate or Venturi tube.

| Critical Selection Factors for Industrial Environments

Selecting the appropriate instrument requires a deep dive into the process
conditions. Engineering teams should consult the Main Page to review specific
product capabilities against the following criteria:

| Wetted Materials and Chemical Compatibility

The "wetted parts" are the components of the transmitter in direct contact with the
process fluid. While 316L stainless steel is the industry standard, it is not suitable
for all media. For example:

Hastelloy C-276: Required for highly corrosive media like wet chlorine or organic
acids.

Tantalum: Used for aggressive acids like concentrated hydrochloric or sulfuric acid.
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Monel: Preferred for applications involving hydrofluoric acid or seawater.

Gold Plating: Often used on diaphragms to prevent hydrogen permeation in
high-pressure hydrogen service.

| Pressure Range and Turndown Ratio

It is vital to select a transmitter whose calibrated span covers the expected
operating range. However, modern transmitters offer a "turndown ratio" (or
rangeability), which allows a single device to be calibrated to a much narrower
span than its maximum limit. For instance, a transmitter with a 100 bar limit and a
100:1 turndown ratio could be calibrated to measure a 1 bar span without
significant loss of accuracy. However, excessive turndown can increase the Total
Probable Error (TPE), so a balance must be struck.

| Temperature Limits and Thermal Management

Standard transmitters typically operate in process temperatures up to 85°C
(185°F). For higher temperatures, such as steam lines or molten polymers,
engineers must use remote seals with capillary tubing or cooling siphons. These
accessories move the sensitive electronics away from the heat source, using a fill
fluid to transmit the pressure signhal across the distance.

Standard Industrial High-Performance /
Critical

Accuracy +0.1% of span +0.025% to +£0.075% of span
Stability +0.2% per year +0.1% over 10 years
Response Time 100ms - 200ms <50ms

Housing Aluminum / Plastic 316 Stainless Steel
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Installation Best Practices and Engineering
Considerations

The most accurate transmitter in the world will provide false data if installed
incorrectly. Proper mounting is a function of the state of the matter being
measured (liquid, gas, or steam).

| Impulse Piping and Orientation

Impulse lines are the small-bore pipes that connect the process tap to the
transmitter.

For Gas Service: Mount the transmitter above the process tap. This allows any
liguid condensate to drain back into the process line, preventing "slugs" of liquid
from creating false pressure heads.

For Liquid Service: Mount the transmitter below the process tap. This ensures the
impulse lines remain flooded with liquid, preventing air bubbles from being
trapped. Air pockets are compressible and will cause sluggish or erratic readings.

For Steam Service: Use a siphon (pigtail or U-shape) to create a water seal
(condensate pot). This prevents live steam from entering the transmitter body and
damaging the sensor.

| Zero Elevation and Suppression

In hydrostatic level applications, the transmitter is often mounted at a different
vertical height than the "zero" level of the tank.

Zero Elevation: Required when the transmitter is mounted above the bottom of the
tank.

Zero Suppression: Required when the transmitter is mounted below the bottom of
the tank, creating a constant pressure head even when the tank is empty.
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Modern digital transmitters allow these offsets to be programmed easily through
the HMI or a HART communicator, but the physical height difference must be
measured accurately during commissioning.

| Advanced Applications: Hydrostatic Level and Flow

As a specialist in level measurement, Welk emphasizes the role of pressure
transmitters in inventory management. Hydrostatic level measurement remains
one of the most reliable methods because it is unaffected by foam, dust, or
internal tank obstructions that might interfere with radar or ultrasonic signals.

| The Density Factor

The primary limitation of using pressure transmitters for level is density sensitivity.
Because the transmitter measures the weight of the liquid column, any change in
fluid density (often caused by temperature fluctuations) will change the reported
level. In high-precision applications, a second pressure transmitter or a
temperature sensor is used to provide real-time density compensation, ensuring
the volume calculation remains accurate regardless of thermal expansion.

| Differential Pressure Flow Measurement

By installing a pressure transmitter across a primary flow element (like an orifice
plate), the square root of the differential pressure can be used to calculate the flow
rate. This is a staple of B2B industrial utility monitoring (steam, compressed air,
and water). Engineers must ensure the transmitter is capable of "Square Root
Extraction" to provide a linear flow signal to the PLC or DCS.

| Maintenance, Calibration, and Troubleshooting

Industrial pressure transmitters are designed for years of service, but they are not
"set and forget" devices. A robust maintenance strategy includes:
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1. Calibration Verification: While many modern transmitters claim "lifetime
stability," regulatory requirements and ISO standards usually dictate periodic
verification. This involves using a deadweight tester or a high-precision pressure
calibrator to compare the transmitter’s output against a known standard.

2. Manifold Operation: Most transmitters are installed with a 3-valve or 5-valve
manifold. This allows the instrument to be isolated from the process and vented to
the atmosphere for zero-checking without shutting down the entire production line.

3. HART Diagnostics: Using the Highway Addressable Remote Transducer (HART)
protocol, technicians can access secondary variables such as internal sensor
temperature and electronics health. This allows for predictive maintenance, where
a transmitter can signal its own impending failure before it impacts the process.

| Frequently Asked Questions (FAQ)

Q: Can | use a pressure transmitter to measure the level of a corrosive acid?

A: Yes, provided you select a transmitter with appropriate wetted materials (like
Tantalum) or use a remote diaphragm seal system that isolates the instrument
from the corrosive media.

Q: What is the benefit of a 4-20mA signal over a 0-10V signal?

A: A 4-20mA current loop is much more resistant to electrical noise and can travel
over long distances (up to 1,000 meters) without signal degradation. Furthermore,
the 4mA "live zero" allows the system to detect a broken wire (OmA) versus a
zero-pressure reading.

Q: How do | handle pressure spikes or "water hammer"?

A: You should install a pressure snubber or a needle valve to dampen the
pulsations. Additionally, selecting a transmitter with a high overpressure rating
(e.g., 4x the operating range) provides a safety margin.
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| Conclusion

Pressure transmitters are indispensable tools in the modern industrial toolkit.
Whether they are monitoring the pressure in a high-pressure steam line or
calculating the volume of a chemical storage tank through hydrostatic principles,
their accuracy and reliability directly impact the bottom line of any B2B operation.
By focusing on correct sensor technology, chemical compatibility, and precise
installation, engineering teams can build systems that are both safe and efficient.
For those seeking specific product configurations or customized OEM solutions, the
Main Page serves as a comprehensive resource for selecting the right
instrumentation for any application.
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