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In industrial process control, pressure transmitter accuracy is a fundamental
parameter that determines the reliability of data used for safety, efficiency, and
billing. Whether monitoring the level of a chemical storage tank or controlling the
flow of steam in a power plant, understanding how accuracy is defined, calculated,
and maintained is essential for any engineering project. For professional-grade
instrumentation and technical support, engineers often refer to the Main Page of
specialized manufacturers like Welk to evaluate high-precision solutions.

This guide examines the technical nuances of pressure transmitter accuracy, the
principles of hydrostatic measurement, and the practical factors that influence
performance in the field.

| Principles of Measurement and Accuracy

Before selecting an instrument, it is vital to understand how a pressure transmitter
converts physical force into a readable signal. Most modern industrial transmitters
utilize one of two primary sensing technologies: piezoresistive or capacitive.

| Piezoresistive Sensors

These sensors consist of a diaphragm with integrated strain gauges. When
pressure is applied, the diaphragm deforms, changing the electrical resistance of
the gauges. This change is proportional to the pressure. Piezoresistive sensors are
known for high sensitivity and are commonly used in hydrostatic level transmitters.

| Capacitive Sensors
In a capacitive sensor, a sensing diaphragm is positioned between two fixed
capacitor plates. Pressure moves the diaphragm, altering the capacitance between

it and the plates. This technology is highly stable and resistant to overpressure,
making it a preferred choice for high-accuracy applications.
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| Hydrostatic Level Measurement

In many liquid level applications, pressure transmitters are used to measure the
hydrostatic head. The principle is based on the formula:

P=p¥dgxh

Where:

P is the hydrostatic pressure (Pa or bar).

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

g is the gravitational constant (approximately 9.81 m/s?).
h is the height of the liquid column (m).

Because the pressure is directly proportional to the height, the pressure
transmitter accuracy directly correlates to the accuracy of the level reading. If the
density of the fluid changes due to temperature fluctuations, the accuracy of the
level measurement will be compromised unless compensation is applied.

| Defining Pressure Transmitter Accuracy

Accuracy is not a single value but a composite of several performance
characteristics. In B2B procurement, it is critical to distinguish between "Reference
Accuracy" and "Total Probable Error (TPE)."

| Reference Accuracy

Reference accuracy, often cited in data sheets, is the performance of the
transmitter under controlled laboratory conditions (constant temperature,
humidity, and atmospheric pressure). It typically includes:

Linearity: The maximum deviation of the output curve from a straight line.

Welk Reference Guide 3



WELK REFERENCE GUIDE Pressure Transmitter Accuracy

Hysteresis: The difference in output for the same pressure value depending on
whether the pressure was increasing or decreasing.

Repeatability: The ability of the transmitter to provide the same output for the
same input under identical conditions.

Standard industrial transmitters often offer a reference accuracy of +0.1% or
+0.075% of the calibrated span.

| Total Probable Error (TPE)

In real-world industrial environments, reference accuracy is rarely achieved. TPE
accounts for additional variables, including:

Ambient Temperature Effects: Changes in temperature can cause the electronics
and the sensor diaphragm to drift.

Static Pressure Effects: For differential pressure transmitters, high line pressure
can shift the zero point.

Long-term Stability: The tendency of a sensor's calibration to drift over months or
years.

| Selection Criteria for Industrial Applications

Choosing the right level of accuracy involves balancing process requirements with
cost. Over-specifying accuracy can lead to unnecessary expenses, while
under-specifying can result in process inefficiencies or safety risks.

| Selection Table: Accuracy by Application

Welk Reference Guide 4



WELK REFERENCE GUIDE Pressure Transmitter Accuracy

Application Type Typical Accuracy Required Recommended Technology

Basic Tank Level (Water) +0.5% FS Hydrostatic Submersible
Chemical Process Control *+0.1% to £0.2% FS Gauge Pressure Transmitter
Custody Transfer (Qil/Gas) +0.04% to +£0.075% FS High-Precision Capacitive
Filter Monitoring (DP) +0.25% to £0.5% FS Differential Pressure (DP)
Open Channel Flow +0.1% ES Precision Pressure/Ultrasonic

Note: FS = Full Scale. For specific product configurations, consult the Main Page to
match sensor specifications with your medium.

| Factors Influencing Pressure Transmitter Accuracy

Several environmental and mechanical factors can degrade the performance of a
high-precision transmitter once it is installed in the field.

| 1. Temperature Fluctuations

Temperature is the most significant external factor affecting pressure transmitter
accuracy. Most manufacturers include temperature compensation circuits, but
these have limits. If a transmitter calibrated at 20°C is operated at 60°C, a
"temperature effect" error (often expressed as % per 10°C) must be added to the
total error calculation.

|2. Turndown Ratio (Reranging)

Turndown refers to the ratio between the maximum range of the sensor (URL) and
the actual calibrated span. For example, if a 10-bar sensor is calibrated to measure
0-1 bar, the turndown is 10:1. As the turndown ratio increases, the accuracy (as a
percentage of the span) typically degrades because the fixed errors of the sensor
become a larger portion of the measured signal.
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| 3. Mounting Position

The weight of the internal fill fluid (usually silicone or halocarbon oil) against the
diaphragm can cause a zero shift if the transmitter is mounted in a position
different from its factory calibration. This is particularly noticeable in low-pressure
ranges (e.g., <5 kPa). Most modern units allow for a "zero trim" after installation to
eliminate this error.

| 4. Power Supply Variations

While most industrial transmitters are designed to operate across a range of 12V
to 36V DC, significant fluctuations in voltage or electromagnetic interference (EMI)
can introduce noise into the 4-20mA loop, affecting the perceived accuracy at the
control system (PLC/DCS).

| Installation Considerations for Maintaining Accuracy

To ensure that the pressure transmitter accuracy remains within specified limits,
follow these engineering best practices:

Impulse Piping: For gas applications, mount the transmitter above the process line
to allow condensate to drain back. For liquid applications, mount it below the line
to ensure air bubbles can escape.

Isolation Valves: Always install a manifold or isolation valve. This allows for
periodic zero-checks and calibration without shutting down the process.

Environmental Protection: In extreme climates, use heat tracing or protective
enclosures to keep the transmitter within its optimal operating temperature range.

Vibration Dampening: Excessive mechanical vibration can cause fatigue in the
sensor diaphragm and noise in the electronics. Use remote seals or capillary tubes
if the mounting point is subject to high vibration.
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| Limitations of Pressure Transmitters

While highly versatile, pressure-based measurement has limitations that can
impact accuracy:

Density Sensitivity: If the liquid density changes (e.g., due to mixing or
temperature changes), the hydrostatic pressure will change even if the level
remains constant.

Non-Vented Tanks: In closed tanks, the headspace pressure must be subtracted
using a differential pressure transmitter; otherwise, the reading will be inaccurate.

Clogging: Viscous or fibrous fluids can clog the impulse lines or coat the
diaphragm, leading to sluggish response and offset errors.

|Frequent|y Asked Questions (FAQs)

Q: How often should | calibrate my pressure transmitter to maintain accuracy?

A: Most industrial applications require a calibration check every 12 to 24 months.
However, for critical safety loops or custody transfer, semi-annual calibration may
be necessary. High-quality transmitters from manufacturers like Welk often feature
better long-term stability, allowing for extended calibration intervals.

Q: What is the difference between "% of Span" and "% of Reading"?

A: "% of Span" means the error is a fixed value based on the calibrated range (e.g.,
+0.1% of a 10-bar span is £0.01 bar everywhere). "% of Reading" means the error
is proportional to the current value, which is generally a more stringent and
accurate specification at the lower end of the range.

Q: Can a pressure transmitter measure the level of a boiling liquid accurately?

A: It is challenging. Boiling liquids have fluctuating densities due to vapor bubbles,
and the turbulent surface can cause pressure spikes. In these cases, using a
balanced capillary system or a different technology like radar may be more
appropriate.
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Q: Does the length of the cable affect accuracy?

A: For 4-20mA current loops, cable length does not affect accuracy as long as the
power supply voltage is sufficient to overcome the loop resistance. For digital
signals like RS485/Modbus, cable length is limited by signal degradation rather
than accuracy loss.

| Conclusion

Achieving high pressure transmitter accuracy requires more than just selecting a
high-spec device from a catalog. It requires a holistic understanding of the
measurement principle, the environmental conditions of the site, and the rigorous
application of installation best practices. By accounting for temperature effects,
turndown ratios, and proper mounting, engineers can ensure their process data is
both precise and actionable.

For technical specifications, detailed CAD drawings, and to explore a wide range of
industrial level and pressure instruments, visit the Main Page of Welk's official site.
Selecting the right instrument today prevents costly calibration issues and process
downtime tomorrow.
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