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In the landscape of industrial process control, the requirement for reliable,
high-visibility, and low-maintenance level measurement is paramount. The Vector
CAG series represents a specialized category of Magnetic Level Indicators (MLIs)
designed to provide a safe and effective alternative to traditional glass sight
gauges. This article serves as a technical engineering reference for understanding
the principles, selection criteria, and installation requirements of the Vector CAG
and similar magnetic level measurement technologies.

| Measurement Principles of Magnetic Level Indicators

The Vector CAG operates on two fundamental physical principles: buoyancy and
magnetism. Unlike a standard sight glass, where the process fluid is visible through
a transparent tube, an MLI uses a robust, opaque pressure chamber to contain the
fluid.

#### The Buoyancy Principle

Inside the chamber is a float specifically engineered to have a density lower than
the process liquid. According to Archimedes' principle, the float will remain at the
surface of the liquid (or at the interface of two liquids). The design of the float is
critical; it must be heavy enough to house a high-intensity magnetic array while
remaining buoyant enough to track the liquid level accurately. Engineers must
calculate the float's displacement based on the specific gravity (SG) of the
medium, the operating pressure, and the temperature.

#### Magnetic Coupling

The float contains an internal 360-degree magnetic ring or array. As the liquid level
rises or falls, the float moves accordingly within the chamber. Outside the
chamber, a visual indicator—typically consisting of a series of bi-color flags or a
magnetic follower (shuttle)—is mounted. The magnetic field from the float
penetrates the non-magnetic chamber wall (usually stainless steel or an alloy) and
couples with the external indicator.

As the float passes, the magnetic force flips the flags from one color to another
(e.g., white to red) or moves the follower along a graduated scale. This provides a
clear, highly visible representation of the liquid level without the process fluid ever
leaving the primary containment chamber.
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| Key Components and Construction

The reliability of the Vector CAG depends on the integrity of its core components.
For professionals seeking a broader range of industrial solutions, the Main Page of
the Welk product catalog provides additional technical specifications on various
level measurement instruments.

1. The Chamber: Usually constructed from non-magnetic materials like 316/316L
Stainless Steel, Hastelloy, or plastics like PVC or PVDF for corrosive applications.
The chamber is designed to withstand the full process pressure and temperature.

2. The Float: This is the most engineered component. It is often pressurized or
reinforced to prevent collapse under high process pressures. The magnetic array
inside is positioned to ensure the "magnetic center" aligns perfectly with the liquid
level.

3. The Indicator Rail: This is a sealed tube (often glass or polycarbonate)
containing the flags or the follower. Because it is physically isolated from the
process fluid, it cannot leak, cloud, or become obscured by dirty or coating liquids.

4. Process Connections: These are the flanges or threaded connections that attach
the chamber to the vessel. They can be configured in side-side, side-bottom, or
top-bottom orientations depending on the tank geometry.

| Technical Selection Criteria

Selecting a Vector CAG or a similar magnetic level gauge requires a detailed
understanding of the process conditions. Failure to account for specific gravity or
temperature can result in a float that sinks or an indicator that fails to track.

#### Selection Table: Engineering Parameters
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Specification /

Requirement

Temperature Range -196°C to +450°C Requires specific insulation
or cryogenic jackets at
extremes.

Pressure Rating Vacuum to 250 bar (approx. Higher ratings require thicker

3600 psi) chamber walls and reinforced
floats.

Specific Gravity (SG) Minimum 0.35 Low SG fluids require larger,

lighter floats.

Viscosity Up to 500 cP High viscosity may require
heat tracing or larger
chamber clearances.

Measuring Length 150 mm to 6000 mm Sections can be joined for
longer spans.

Materials 316S5S, Monel, Hastelloy, Must be non-magnetic to
Titanium allow magnetic field
penetration.

| Installation Considerations and Best Practices

Proper installation is vital for the longevity and accuracy of the Vector CAG.
Because the system relies on magnetic fields, the environment must be controlled
to prevent interference.

Vertical Alignment: The chamber must be installed perfectly vertical. Even a slight
tilt can cause the float to rub against the chamber wall, leading to friction, wear,
and potential sticking.

Magnetic Interference: Keep the gauge away from large ferrous structures,
high-voltage cables, or motors. External magnetic fields can disrupt the coupling
between the float and the indicator.

Isolation Valves: It is highly recommended to install isolation valves between the
vessel and the gauge. This allows for maintenance or float inspection without
depressurizing the entire process vessel.
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Venting and Draining: Every MLI should be equipped with a vent plug at the top
and a drain valve at the bottom. This facilitates the removal of air pockets during
start-up and the flushing of sediment during maintenance.

Support Brackets: For gauges exceeding 2 or 3 meters in length, intermediate
support brackets should be used to prevent vibration or mechanical stress on the
process connections.

| Limitations and Operational Constraints

While the Vector CAG is a robust solution, it is not universal. Engineers should be
aware of the following limitations:

1. Magnetic Particles: If the process fluid contains ferrous particles (e.qg., pipe scale
or magnetite), these particles will be attracted to the float's magnets. Over time,
this buildup can weigh down the float or cause it to jam. In such cases, magnetic
traps should be installed upstream.

2. Coating and Scaling: While the indicator remains clean, the internal chamber
can still suffer from scale buildup or heavy coating. If the coating is thick enough, it
may impede float movement.

3. Flash Evaporation: Rapid depressurization can cause the liquid inside the
chamber to boil or "flash." This turbulence can damage the float or cause erratic
readings.

4. Extreme Turbulence: In vessels with high agitation, the float may bounce
violently. A stilling well or a modified chamber design may be necessary to
dampen the movement.

Integration with Automation: Transmitters and
Switches

One of the primary advantages of the Vector CAG series is the ease with which it
can be upgraded from a simple visual indicator to a full-loop control component.
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Magnetic Switches: These are clamped to the outside of the chamber. As the float
passes, the magnetic field trips the switch (SPDT or DPDT), providing high or
low-level alarms. Since they are externally mounted, they can be adjusted or
replaced without breaking the process seal.

Transmitters: To provide a continuous 4-20mA or HART signal to a PLC or DCS, a
transmitter can be mounted alongside the chamber. Common types include Reed
Chain transmitters (providing stepped output) or Magnetostrictive transmitters
(providing high-precision, continuous output). These sensors detect the position of
the float's magnetic field and convert it into an electronic signal.

| Frequently Asked Questions (FAQ)

Q: Can a Vector CAG be used for interface measurement?

A: Yes. By weighting the float to a specific density that falls between the SGs of the
two immiscible liquids (e.g., oil and water), the float will sink through the upper
layer and float on the lower layer, effectively tracking the interface level.

Q: What happens if the float is installed upside down?

A: Most floats are directional because the magnetic array is offset to account for
the float's center of buoyancy. If installed upside down, the indicator will show an
incorrect level, or the magnetic coupling may fail entirely. Floats are typically
marked with "TOP" or an arrow.

Q: How do | verify the float is still functional without opening the chamber?

A: You can use an external magnet to manually move the flags or the follower. If
the indicator responds to the external magnet but does not track the liquid level,
the float may be stuck or may have lost its buoyancy (e.g., due to a leak).

Q: Is maintenance required for the visual indicator?

A: Generally, no. Since the indicator is sealed and isolated from the process, it
does not require cleaning. However, in outdoor installations, the indicator glass or
polycarbonate should be checked for UV degradation or physical damage over
time.
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| Conclusion

The Vector CAG provides a high-reliability solution for level monitoring in
demanding B2B industrial environments. By eliminating the risks associated with
glass breakage and providing clear visibility from a distance, it enhances both
safety and operational efficiency. When selecting these instruments, engineers
must prioritize accurate process data—specifically density and pressure—to ensure
the magnetic system performs as intended. For those exploring the broader
integration of level sensors into automated systems, the Main Page offers a
gateway to advanced radar and ultrasonic technologies that complement magnetic
indication in complex process architectures.
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