WELK | REFERENCE GUIDE

R Gauge Plot

A practical guide to r gauge plot, covering the reader intent, the relationship to r
gauge plot, 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 landscape of industrial process control, the accuracy of a measurement
instrument is only as valuable as the reliability of the data it produces. For
engineers and quality control managers utilizing Magnetic & Local Level Gauges,
ensuring that these devices provide consistent readings across different shifts and
operators is a critical requirement. This is where the r gauge plot (Range Gauge
Plot) becomes an indispensable tool.

While a level gauge provides a physical reading of a tank's contents, an r gauge
plot provides a statistical visualization of the measurement system's variability. By
integrating statistical process control (SPC) with robust hardware, industrial
facilities can minimize measurement errors, reduce waste, and enhance safety in
high-pressure or corrosive environments.

|Principles of Magnetic & Local Level Gauges

Before analyzing the statistical validity of measurements via an r gauge plot, it is
essential to understand the mechanical principles of the instruments being
evaluated. Magnetic level gauges are the primary choice for local level indication
in modern industrial applications, often replacing traditional glass sight gauges due
to their enhanced safety profiles.

| The Magnetic Coupling Principle

Magnetic & Local Level Gauges operate on the principle of buoyancy and magnetic
attraction. The system consists of three primary components:

1. The Bypass Chamber: A vertical column (usually 316 stainless steel or
specialized plastics) connected to the side of the vessel via process flanges. The
liquid level in the chamber matches the level in the vessel.

2. The Magnetic Float: Inside the chamber, a float is engineered to the specific
gravity of the process fluid. This float contains a high-intensity 360° magnetic ring.

3. The Indicator: Mounted on the outside of the chamber, the indicator is
completely isolated from the process fluid. It typically consists of a series of
bi-color magnetic flaps or rollers. As the float rises and falls with the liquid level, its
magnetic field flips the flaps from one color (usually white) to another (usually red
or yellow).
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Because the indicator is magnetically coupled rather than mechanically linked,
there is no risk of glass breakage or leakage, making these gauges ideal for toxic,
flammable, or high-pressure media.

Understanding the R Gauge Plot in Measurement
Systems

An r gauge plot is a fundamental component of a Gage Repeatability and
Reproducibility (Gage R&R) study. In industrial level measurement, "Repeatability"
refers to the variation in measurements obtained when one operator uses the
same gauge to measure the same tank level multiple times. "Reproducibility"
refers to the variation observed when different operators measure the same level
using the same gauge.

| How the R Gauge Plot Functions

The "R" in r gauge plot stands for "Range." In a Gage R&R study, multiple
operators will take multiple readings of several "parts" (in this case, specific liquid
levels in a controlled test or stable process). The R plot displays the range of
measurements for each operator across the different test points.

Points within Control Limits: If the points on the r gauge plot stay within the
calculated upper control limit (UCL), it indicates that the operators are consistent
in how they read the local level gauge.

Points out of Control: If an operator’s range is significantly higher than others, it
suggests they are struggling to read the indicator accurately, or the gauge's visual
resolution is insufficient for the required precision.

For a Magnetic & Local Level Gauge, an r gauge plot helps identify if the visual
flaps are clear enough to be read consistently from a distance or if environmental
factors (like poor lighting or vibration) are introducing human error into the data
logging process.
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| Selection Criteria for Industrial Level Gauges

Selecting the right gauge is the first step in ensuring a successful Gage R&R result.
Engineers must match the gauge specifications to the chemical and physical
properties of the process.

Magnetic Level Reflex Glass Gauge | Transparent Glass
Gauge Gauge

Pressure Range Up to 400 bar (5,800 Up to 250 bar (3,600 Up to 340 bar (4,900
psi) psi) psi)

Temperature Range -196°C to 450°C -20°C to 400°C -20°C to 400°C

Visibility Excellent (High Moderate Low (Requires
contrast) backlight)

Safety High (No glass in Moderate (Risk of Moderate (Risk of
contact) breakage) breakage)

Maintenance Low High (Cleaning glass) High (Cleaning glass)

| Key Evaluation Factors

1. Specific Gravity: The float must be precisely weighted. If the specific gravity of
the fluid changes (e.qg., due to temperature fluctuations), the float's position
relative to the surface will shift, leading to errors that will show up on an r gauge
plot.

2. Material Compatibility: For corrosive chemicals like sulfuric acid or brine,
chambers and floats should be constructed from Hastelloy, Monel, or lined with
PTFE.

3. Center-to-Center Distance: The distance between the process connections

determines the measuring range. Standard lengths range from 300 mm to 6,000
mm (approx. 12 inches to 20 feet).
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| Installation Considerations for Maximum Accuracy

To ensure that the measurements remain stable enough to pass a Gage R&R audit,
proper installation is non-negotiable. Poor installation leads to "noise" in the data,
which expands the range on the r gauge plot.

| Vertical Alignment

The bypass chamber must be installed perfectly vertical. Even a slight tilt can
cause the float to rub against the chamber walls, creating friction. This friction
leads to "stiction," where the float moves in jumps rather than a smooth motion,
causing inconsistent readings between different operators.

| Magnetic Interference

Since the device relies on magnetic coupling, it must be kept away from large
ferrous structures or high-voltage power lines that could create electromagnetic
interference. If a steel support beam is placed too close to the indicator, it may
distort the magnetic field, causing the flaps to flip prematurely or fail to flip at all.

| Isolation and Venting

Always install isolation valves between the vessel and the gauge. This allows for
maintenance without shutting down the process. Additionally, a vent valve at the
top and a drain valve at the bottom are essential for flushing the chamber.
Accumulated sediment can weigh down the float, skewing the measurement
accuracy and increasing the variability reflected in an r gauge plot.

| Limitations and Practical Constraints

While Magnetic & Local Level Gauges are highly versatile, they are not universal
solutions. Understanding their limitations prevents misapplication.
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Magnetic Particles: If the process fluid contains iron filings or magnetic scales,
these particles will adhere to the float's internal magnet. Over time, this changes
the float's buoyancy and can eventually jam it inside the chamber.

Viscosity: Extremely viscous fluids (above 500 cP) can impede the movement of
the float. In such cases, the float may lag behind actual level changes, leading to
significant measurement error.

Coating and Scaling: In applications like wastewater or calcium-rich fluids, scaling
can build up on the chamber walls. This requires periodic cleaning to ensure the
float moves freely.

| Frequently Asked Questions (FAQs)

1. How does an r gauge plot help in ISO 9001
certification?

ISO 9001 requires organizations to validate their measurement systems. Anr
gauge plot provides documented proof that the level measurements are
repeatable and that operator variation is within acceptable limits, which is a core
requirement for quality audits.

2. Can | use a magnetic level gauge for interface
measurement?

Yes. By adjusting the weight of the float, it can be designed to sink through the
upper (lighter) liquid and float on the lower (heavier) liquid. This allows for local
indication of the interface level between two immiscible fluids, such as oil and
water.
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3. What units are typically used for local level
gauges?

Standard industrial gauges use metric units (mm or meters) for the scale, though
imperial units (inches/feet) or percentage scales (0-100%) are also common. The r
gauge plot used to analyze these measurements will use the same units as the
scale.

4. Why is my r gauge plot showing high variability
for a magnetic gauge?

High variability is often caused by "parallax error" if operators are reading the
gauge from different heights, or by float sticking due to debris. Ensure the indicator
is at eye level where possible and that the chamber is clean.

| 5. Do magnetic level gauges require power?

No. One of the primary advantages of these local gauges is that they are
completely mechanical/magnetic and require no electrical power to function.
However, they can be equipped with reed switches or transmitters (4-20mA) if
remote monitoring is also needed.

| Conclusion

The integration of statistical tools like the r gauge plot with physical hardware like
Magnetic & Local Level Gauges represents the gold standard in industrial process
management. By understanding the mechanical principles of buoyancy and
magnetic coupling, and validating those measurements through rigorous Gage
R&R studies, engineers can ensure that their facility operates with the highest
levels of precision and safety. Whether dealing with cryogenic liquids or
high-temperature acids, the combination of robust Welk instrumentation and
analytical oversight ensures that every data point on the control room floor is a
true reflection of the reality inside the tank.
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