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Companies in the process industry need the ability to visually monitor liquid levels 
in vessels (boilers, storage tanks, separators, etc.). Traditionally, armored glass sight 
gauges have been used. However, many companies want an alternative to sight 
gauges to avoid problems such as breakage, leaks, or bursting at high pressures and 
temperatures. In addition, the visibility of the sight glass can be poor and often 
affected by moisture, corrosion, or oxidation.

Many companies are increasing the use of automation and desire a 4–20 mA, 
HART®, FOUNDATION® fieldbus, or other output for level—which is difficult to do 
with a sight glass. Magnetic level indicators (MLIs) do not have the shortcomings 
of glass sight gauges and are suitable for a wide variety of applications.

This guide describes the configuration and operation of MLIs and provides 
information about their key components and features. Use this handbook as a 
resource when selecting the right MLI for your application.

Chapter 1 – Introducing the MLI
Provides an introduction to MLIs, describes the components, discusses the 
advantages of an MLI over a glass sight gauge, and offers some general questions 
to ask when selecting an MLI.

Chapter 2 – Indicator Types and Seals
Discusses principles of operation, shuttle and flag indicator types, advantages and 
disadvantages of both indicator types, and guidelines for selecting an indicator for 
a specific application.

Chapter 3 – Floats and Chambers
Discusses the function of the MLI float and chamber, materials of construction 
and properties, and guidelines for selecting appropriate MLI floats and chambers.

Chapter 4 – Magnets
Provides an overview of magnets including properties, advantages and disadvantages; 
discusses the functions of magnets in an MLI; and provides guidelines to use when 
appraising magnets.

Chapter 5 – Transmitters
Describes the types of MLI transmitters available, presents an overview of the 
principles of operation for each type, discusses the benefits and shortcomings of 
each, and provides points of emphasis for selecting an appropriate transmitter.
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Discusses typical accessories used with MLI devices and presents an overview of 
each.

Describes the features of magnetic level indicators engineered and manufactured 
by Orion Instruments, presents information on various configurations of MLIs, 
discusses the benefits and limitations of each configuration, and provides guidelines 
for selecting the correct MLI configuration for a specific application.
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The magnetic level indicator (MLI), also called a magnetically coupled liquid 
level indicator or a magnetic level gauge, is in wide-spread use throughout 
process industries around the world. Originally designed as an alternative to sight 
glass gauges, MLIs are now commonly specified in new construction and plant 
expansions.

Typical applications include:
• Alkylation units

• Boiler drums

• Feedwater heaters

• Industrial boilers

• Oil / Water separators

• Process vessels

• Propane vessels

• Storage tanks

• Surge tanks

• Wastewater tanks

Magnetic level indicators use the law of magnetism to provide liquid level 
information. They can activate a switch or provide continuous level data via a 
transmitter. Unlike a sight glass, magnetic coupling allows the MLI to measure 
liquid levels without direct contact between the externally-mounted visual 
indicator and the fluid in the vessel.

A magnetic field consists of imaginary lines of flux originating from both the 
north and south poles that completely surrounds the magnet. This field acts on 
other objects (magnets or ferromagnetic materials) in the form of forces. When a 
magnetic field acts upon another body with sufficient force to influence it, the pair 
are said to be magnetically coupled to each other.

In an MLI, the magnets within a float and an indicator are magnetically coupled. 
The float, located inside the chamber, dynamically tracks the surface of the liquid 
as it rises and falls. The magnet assembly inside the float generates a magnetic field 
that penetrates through the chamber wall to couple with the visual indicator.

There are three primary MLI mounting styles, each with slightly different 
mechanics:
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• Side mount

• Top mount

• Top / Bottom mount

The side-mount MLI is the most commonly specified configuration.  In its 
simplest configuration it contains two process connections, a fluid-filled chamber 
with flanges and/or caps on the top and bottom, a float, and a visual indicator.

The float, equipped with a magnet assembly, 
is sized and weighted based on the density of 
the liquid to be measured. The float travels in 
a non-magnetic chamber as the fluid inside 
rises and falls with the level of the liquid in 
the vessel.

An enclosure containing a transparent 
window is attached to the external wall of 
the chamber. It spans from the lower process 
connection to the upper.  Inside the window 
is a highly visible indicator (shuttle or flags). 
The indicator is always magnetically coupled 

to the float so that it clearly represents the exact liquid level in the vessel.

When the liquid level in a vessel changes, the corresponding level in the MLI 
chamber changes as liquid moves through the process connections located at 
the top and bottom of the desired indication 
range. Any change in the chamber level affects 
the position of the magnetic float.  As the 
float moves, the magnetic field surrounding 
the float moves with it and directly affects the 
position of the shuttle or flags in the indicator.

The top mount MLI is commonly specified 
for underground vessels that do not have side 
connection access.  In its simplest form, a top 
mount  consists of a chamber with a single 
flange at the bottom and a cap at the top. A 
float assembly hangs below the chamber into 
the liquid via a guide rod. The float assembly 
consists of a magnet at the top of a guide rod 
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and a float at the bottom. The float assembly is weighted to operate at the specific 
gravity of the liquid to be measured. A float guide tube, also called a stilling well, 
is often used within the vessel to prevent bending of the rod during maintenance, 
installation, agitation, or when  turbulence or flow may be present in the vessel during 
operation.

As the liquid level changes in the vessel causing the float to move, the magnet, attached 
to the upper end of the rod, travels up and down within the chamber. As the magnet 
moves, the surrounding magnetic field directly influences the position of the shuttle 
or flags in the indicator, resulting in proper 
representation of the liquid level.

This configuration has process connections at 
the top and bottom of the chamber, which 
are connected to the vessel via additional 
piping. The top/bottom mount is commonly 
used in capsule and spherical-shaped vessels 
that are filled at the top and emptied from 
the bottom of the vessel. The chamber usually 
spans the entire height of the vessel and does 
not require additional space above the vessel 
like a top-mounted unit.

NOTE: Additional configurations are 
available: top-side/bottom, top/bottom-side.

In vessels containing two or more liquids, MLI devices are able to measure the interface 
level between two liquids.  The interface float is sized and weighted  so that it sinks 
through the upper liquid layer and floats on the lower liquid.  This allows the magnets 

to position precisely at the point 
of interface.

Additionally, the MLI chamber 
is capable of housing two floats 
simultaneously. One float is 
weighted to operate at the 
specific gravity of the upper 
media, while the second float 
is designed to measure the 
interface. In this case, shuttle 
indication is required for 
proper operation.  Shuttle 1 is 
magnetically coupled to float 
1 and shuttle 2 is magnetically 
coupled to float 2.
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A magnetic level indicator is often used in applications where a sight glass (or glass 
sight gauge) is unsafe, environmentally risky, or difficult to see. Typical shortcomings 
of glass sight gauges include:

• High pressures, extreme temperatures, deteriorating seals, and toxic or
corrosive materials may cause a risk of fugitive emission of dangerous
substances

• Some chemical materials within a process vessel or storage tank can attack the
glass, causing discoloration of the sight gauge, thus decreasing level visibility

• Liquid/liquid interfaces can be very difficult to read in a sight glass particularly 
if the liquids are of similar color. Clear liquids can also be difficult to see in
a sight glass.

• Liquids that tend to coat or build-up on surfaces can hinder visibility by
forming an opaque film on the glass

• To cover a large measuring span, sight glass assemblies typically must be
staggered using multiple sections.

The key reasons for selecting an MLI over a sight glass are:

• Improved safety due to the absence of fragile glass and a substantially reduced
number of potential leak points

• Greatly increased visibility

• Reduced maintenance

• Easier initial installation and addition of transmitters and switches without
interrupting the process

• Lower long-term cost of ownership and legitimate return-on-investment
benefits

• Single chamber measurement over 20 ft. (6 m) without staggering chambers

The obvious safety benefit of the MLI over a sight glass is reduced chance of breakage. 
If the process fluid is under extreme pressure or temperature, the likelihood of sight 
glass breakage is increased. The pressure boundary of an MLI is made of robust metal, 
frequently the same as the vessel piping, making MLIs as safe as the surrounding 
piping system itself. The indicators, transmitters, and switches are all mounted 
externally and, therefore, are unaffected by toxicity, corrosiveness, or other process 
fluid characteristics.

Another safety benefit is that the chemical compatibility with the fluid in an MLI is 
restricted to only three components, the metallic chamber, gaskets and float. With 
glass sight gauges, the process fluid may have chemical compatibility issues with any 
of the wetted materials—glass, metal, or sealants.
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MLIs are virtually maintenance free once installed because the indicator never touches 
the process fluid. With sight glasses, the gauges must be periodically checked for leaks 
and cleaned on a regular basis. Scaling, etching and build-up on the glass from the 
process fluid can cause the sight glass to become unreadable.

Visibility of the fluid level from long distances is another major reason for selecting an 
MLI over a sight glass gauge. Sight gauge level indicators are intended to be viewed 
at maximum distances of around 10 feet (3 meters). However, the bright contrasting 
colors of the flags or a fluorescent shuttle on an MLI permit visible level indication at 
distances up to 100 feet (30 meters) or greater.  New modern visual indicators from 
Orion Instruments® have viewing ranges up to 200 ft. (60 m).

Installing an MLI is much simpler than installing a sight glass gauge. In many 
cases, sight glass gauges are only available in 12 inch (305 mm) lengths, due to glass 
weakness. Therefore, when a range of 30 inches (762 mm) is needed, three glass sights 
are required. If the required visible indication length is increased, additional sight 
gauges are needed and the potential risk for leak points increases. This setup requires 
complicated fittings, and at least six isolation valves. A single MLI can replace this 
assembly as shown in the following illustration.

Once installed, a glass level gauge is often difficult to maintain, add to, or change. 
However, the indicators in the Orion Instruments® Atlas™ and Gemini™ MLIs can 
easily be rotated, even after installation by simply loosening the straps, repositioning 
the indicator, and retightening the straps.

Many glass level gauges provide only visual level indication, so additional devices 
(e.g., sensors, switches, or transmitters) are often needed for process logic or remote 
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monitoring. Sight glass gauges require long process stoppage and complicated 
dismantling and reconfiguring to add these items. MLIs can provide reliable 
visible level indication and permit the simple addition of equipment like switches 
or transmitters at any time, because they are externally mounted and magnetically 
operated by the float.

Selecting the appropriate MLI for a specific application is important. Use these 
questions to determine your requirements. The remaining chapters in this guide 
provide key information about the components of an MLI to help you make an 
informed decision.

What is the process fluid?
• specific gravity

• operating temperature

• operating pressure

• total, interface or dual-level detection

What are the gauge body details?
• material of construction

• maximum pressure & temperature requirement

• necessary level range (liquid level fluctuation; often the vessel height)

• vent and drain connections (will I be piping into the MLI or adding valves?)

What are the process connection details?
• size

• type

• rating

• orientation/position

What style of indicator is preferred?
• flag (orange/black, yellow/black, red/white, custom colors)

• shuttle (also known as follower or birdie) - fluorescent orange

What measuring scale is required?
• level (inches, feet, meters)

• volume (gallons, liters, custom)

• percent

What accessories are necessary (See chapter 6 for individual descriptions)?
• switch (point-level)

• level transmitter; what communication protocol?
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• frost extension (prevents ice build-up from blocking a direct view to the
indicator)

• heat tracing (electric or steam)

• Insulation: high-temp (fiberglass) or low-temp (cryogenic foam)

• magnetic particle traps

• gauge glass

Installation Considerations
• Lengths over 12 feet: support brackets to minimize pipe flex

• Lengths over 20 feet: sectionalize (flanged) or one continuous section (welded)

• Structural support types: Gussets or welded support brackets
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This chapter provides information on the operation of shuttle and flag indicators and the 
importance of indicator sealing methods. It also provides guidelines for selecting the right indicator 
for your application.

The visual indicator is the component of an MLI that visually displays the level 
measured by the float inside the column. The indicator is located on the outside of 
the chamber and is magnetically coupled to the float, which tracks the surface of 
the process liquid. The indicator must be positioned close to the chamber so the 
magnetic field of the float and the indicator can be effectively coupled.

The chamber, being offset from the vessel, minimizes the effects of turbulent 
process conditions that can adversely affect the float or indicator. Where process 
level is turbulent due to mixing, filling or emptying, the chamber minimizes these 
actions and keeps the float isolated from violent vertical movement and erratic 
indicator readings.

There are a number of important considerations to make when selecting the right 
MLI; many of which pertain directly to the visual indicator.  This guide will focus 
on the most common types of indicators in wide use today. 

There are two main types of indicators—shuttle and flag.

The shuttle (bullet or follower) indicator consists 
of a small, brightly-colored cylinder with an 
embedded magnet that moves freely in a glass  
or plastic column (guide tube) attached to the 
MLI chamber.

The guide tube is isolated from the MLI chamber 
that contains the process fluid. Therefore, the 
shuttle is not in contact with the liquid. When 
the fluid level in the vessel changes, the level in 
the MLI also changes along with the float.

As the float moves up or down with  the liquid 
level, it drags the shuttle along with it due to the 
magnetic coupling effect. The shuttle is brightly 
colored so that it can be seen from great distances.

Shuttle indicators are often specified in lower cost configurations. It provides 
a visual indication that is suitable for many applications, except where flashing 
or extreme turbulence occurs within the process vessel. These sudden changes 
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can result in erratic float movement that could cause it to become magnetically 
decoupled from the shuttle. The shuttle must then be manually reset by raising it 
with a strong external magnet to recouple it back to the magnetic field of the float.

The flag indicator gets its name from a system of small panels of material with 
highly contrasting colors on opposite sides. Each flag contains a magnet that allows 
it to couple to the float.  As the float moves up or down with the liquid level, 
each flag rotates to display a color that directly 
reflects its position in relation to the float. 
Flags above the float magnet will be oriented 
with the front of flag visible, while the flags 
below the float magnet will have the back of 
flags visible in the indicator.

Flags, also called flappers, can be made of 
plastic or metal with each flag containing a 
small magnet or other magnetic material. 
The magnet may be an integrated vertical 
magnet, a less expensive flexible style magnet, 
or embedded magnetic particles.

Flag indicators are more robust than shuttle 
indicators. Also, flags will stay coupled to 
the float’s magnetic field during sudden and rapid level change that may result in 
decoupling of a shuttle indicator.

When deciding whether to use a shuttle or a flag indicator for a specific application, 
consider the cost, durability, visibility, and maintenance requirements.
 
Usually, a shuttle indicator is a more cost-effective option and can be adapted to 
show the overall liquid level and the fluid interface level on the same indicator. 
The flag indicator is easy to see from a distance, operates effectively at higher 
temperatures, and rarely suffers from decoupling.
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In 2012, Orion released the new REVEAL™ visual indicator (patent pending) for each 
of the magnetic level indicator products.  It is a wide-flag design that greatly improves 
visibility over any of the other mechanically-based visual indication products available.

At 1.5 inches (38 mm) in width, REVEAL™ offers the widest flag available.  A viewing 
distance of up to 200 ft. (61 meters) is achieved due to the greatly increased area 
of the indication surface.  In addition, the low profile stainless steel housing allows 
for  an unmatched viewing angle of 140°.  These inherent benefits continue to make 
Magnetic Level Indicators an attractive replacement for existing sight glass technology.

REVEAL™ indicators are also available with a wide, brightly-colored shuttle option. 
The shuttle is fluorescent orange with a black line to mark liquid level. To reduce 
the occurrence of magnetic decoupling, the shuttles in Orion MLIs contain highly 
charged magnets. The floats make use of a flux ring configuration which enhances the 
float magnetic field.

In Orion flag indicators, high quality, embedded vertical magnets are used in the 
flags instead of the less reliable alternatives. The flags incorporate a mechanism to 
prevent accidental flipping due to vibration or other motions.  Each flag is also limited 
to a half-turn of travel, thereby eliminating over-flipping that is common in other 
indicator designs.

Orion flags are constructed of metal, unlike plastic alternatives.  This is desired for 
indicators that are expected to withstand years of operation in tough industrial settings 
and extreme environmental conditions.  Compared to plastic flags, metal flags are of 
higher quality and are more reliable because smooth metal-to-metal contacts yield less 
pivot resistance, can withstand higher temperatures (up to +1000° F [+538° C]), and 
are more resistant to twisting or warping.

Depending on the manufacturer, there are a number of approaches to sealing an 
indicator.  Indicators are sealed to isolate the flag or shuttle environment from the 
outside environment. It is important to understand the advantages and disadvantages 
of each type.

viewing angle
140°

+ 60 m (200 �.)
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Unsealed indicators tend to be the most inexpensive 
type, but ambient conditions can affect or damage 
the indicator. They should not be used outdoors or in 
a location where moisture or freezing temperatures 
may exist. Indicators with an unsealed column may 
accumulate moisture and freeze, restricting the 
movement of the shuttle or preventing the flag from 
rotating on its axis.
 
In some environments, moisture or oxidation can 
cloud the glass of the indicator column and reduce visibility. Deposits may build up 
on the inside of the glass and block the view of the shuttle or flags. In addition, foreign 
material or damage from ambient corrosives may impair the pivot action of the flags.

Sealed indicators contain gasket, silicon-based , or 
fused glass methods for isolating the flag chamber 
from the outside air.  Although this approach is 
more effective at protecting the flags or shuttle than 
an unsealed indicator, it does not easily allow for a 
reliable purge.  Purging out the air and replacing 
it with inert gas is important for preventing future 
issues in the field.  Without this purge, regular 
air becomes trapped in the flag chamber.  Unless 
completely conditioned, this air will contain some 
amount of moisture that could condense into water 
under the right conditions and interfere with the 
indicator’s performance.  Furthermore, the presence of oxygen can gradually cause 
oxidation on the flag and shuttle components.  An oxide layer could reduce overall 
visibility and create friction at the flag pivot points, thereby reducing performance.

Valve-sealed indicators have an evacuation valve 
at the bottom of the indicator that allows oxygen 
and moisture to be completely removed from the 
system.   A low, positive pressure purge of inert gas 
is introduced. The inert gas eliminates problems 
such as reduced visibility and responsiveness caused 
by oxidation. In addition, pressurization with an 
inert gas solves most flag sticking problems because 
moisture and debris in the column are eliminated.

The typical configuration of this type of indicator is 
shown to the right. This ensures a high integrity seal will be maintained under a wide 
variety of conditions. In addition the flags remain close coupled to the magnets in the 
float. This allows the use of schedule 160 or higher chamber thickness.
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A component within the indicator that is often overlooked is the main viewing 
window, or bezel assembly.  This is the translucent glass or plastic cover that houses 
the flag or shuttle assemblies.  They are typically available in Flat or Tubular form and 
are constructed from glass or polycarbonate (high-strength plastic) material. 

Polycarbonate material offers a number of advantages over glass.  Many common 
products in the consumer market are made from polycarbonate, including bullet-
proof glass, automobile headlight covers, and eye protection (safety glasses) commonly 
required at many industrial facilities.

Polycarbonate Advantages:
• Shatter resistance

• Impact resistance

• Ultra-violet (UV) inhibitors prevent degradation from sun exposure

• Very good clarity

Polycarbonate Disadvantages:
• Direct UV exposure for many years can cause polycarbonate to yellow.

(+5 to 10 years direct exposure)

• Not scratch resistant

• Easily damaged by organic solvents (ie. acetone)

• Not suitable for high-temperature applications unless properly insulated

Prior to the widespread availability of polycarbonate, glass was the most common 
viewing window material provided in magnetic level indicators. While glass does have 
some advantages over polycarbonate, the risk of breakage is paramount.

Glass Advantages:
• Scratch resistant

• Very good clarity

• Easily cleaned

• Suitable for high-temperature applications

Glass Disadvantages:
• Highly susceptible to breakage

• Does not resist UV light

The other important consideration for the visual indicator is the shape and sealing 
method of the viewing window.  As previously stated, windows are typically available 
as a tube or as a flat sheet that spans the measuring range.  The following are some 
examples of commonly offered viewing windows:
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Flat viewing windows (often referred to as a bezel) are common among MLI products.  
The primary benefit is that the flat shape allows the flag to be positioned at the back 
of the indicator.  This also allows the relative depth of the indicator assembly to be 
minimized.  If a flat-style indicator requires sealing, the seal must be achieved at each 
end and along the entire length of the indicator, unlike tubular-style indicators that 
only require sealing at the ends.

In the images below, note the gasket cords above and below the window (shaded 
black).  Many flat-style indicators are not sealed (image on the right).

Tubular viewing windows are typically desired for their sealing effectiveness.  One 
drawback to the tubular shape is that the flag width is severely limited.  This is because 
a wider flag would force a much larger diameter tube.  Eventually, the flags would be 
positioned too far away from the float, thereby making the magnetic level indicator 
unusable.

In the image to the right, notice how the flags 
are unable to be positioned near the back of the 
indicator due to the curvature of the tube.  This 
increased gap will severely limit the magnetic 
coupling effectiveness between the float and the 
flags.

Orion Instruments has patented a new approach 
to visual indicator design.  While recognizing 
that flat and tubular viewing windows both 
offer unique benefits,  the two concepts were 
combined to create a highly effective alternative with the REVEAL™ indicator.

REVEAL™ utilizes a custom extruded window made from high-quality, shatter-
resistant polycarbonate material.  Because it is extruded, this window does not require 

sealing along the entire length of the 
indicator, unlike flat-glass designs.  
Sealing is only required at each end, 
which is achieved with dual o-rings.  
The InstaSeal™ purge valve is standard 
on Reveal (see left).
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Cost and operating environment are two important considerations when deciding 
whether to use an unsealed, sealed, or valve-sealed indicator. Although the unsealed 
column is the lowest cost option, it exposes the indicator to the surrounding 
environment. If cold temperatures, high moisture, or corrosive conditions are present, 
a sealed or valve-sealed indicator is the better choice.

All Orion Atlas™, Aurora®, and Gemini™ magnetic level indicators are available with 
the REVEAL™ visual indicator.  Our standard indicators are evacuated, purged with 
inert gas and sealed to prevent condensate buildup and discoloration due to oxidation. 
The viewing window is sealed with the unique InstaSeal™ valve method.
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This chapter describes the function and design considerations for the float and chamber in the 
operation of a magnetic level indicator. It also discusses the types of floats and chambers available 
and provides guidelines for selecting the appropriate MLI float and chamber.

The float is a strong capsule that is engineered for 
the temperature and pressure conditions of an 
application and designed to be precisely buoyant 
in a liquid or liquids (interface). The float follows 
the surface of the process fluid or liquid-liquid 
interface as the level in the chamber fluctuates.

The float interacts magnetically with a visual 
indicator mounted on the outside of the chamber 
to reveal the liquid level inside. Communicating  
the fluid level information using the float’s 
magnetic field isolates the level indicator from 
the process allowing for longer lasting, error-free 
operation of the MLI.

In a side-mounted configuration, the float is located inside the MLI chamber which 
is connected to the vessel via the process connections. The float contains an array 
of magnets that form a strong and evenly distributed magnetic field. These magnets 
couple with a shuttle or series of flags in the indicator to transmit the position of the 
float to the externally-mounted visual indicator. (See Chapter 1 for more information)

In a top-mounted configuration, the float is located inside the vessel and does not 
contain magnets. Instead, it is mechanically connected by a guide rod to a magnet 
assembly located at the top.  The magnet assembly is housed in the MLI chamber 
on top of the vessel. As the float moves up or down within a guide tube, the magnet  
assembly attached to the top of the rod moves. (See Chapter 1 for more information)

There are two main level technologies in use today that rely 
on the principle of buoyancy:  Float-based and Displacer-
based.  Magnetic level indicators utilize float technology 
which allows for uninterrupted visual indication along a 
great distance. Because users of visual indication demand 
reliable accuracy out of the instrumentation, it is important 
that the float be designed utilizing a strong understanding of 
the buoyancy principles.

Buoyancy can be defined as a force exerted by a liquid, gas, or 
other fluid that opposes an object’s weight.

Buoyancy

Gravity

Density
of

Float

Density
of f luid

Miller Energy, Inc. 
In NY/NJ 800-631-5454 | In Eastern PA 888-631-5454 

www.millerenergy.com



In float design, there are a number of design criteria that dictate a float’s accuracy in 
a liquid.  For example:

• Float mass (density x volume)

• Liquid density - determines the amount of buoyant force on the float

• Projection in liquid - Determines if the magnets are in the same plane as the 
liquid surface

• Buoyancy force - the upward force exerted by the liquid on the float

Floats are individually designed for each application.  The right balance between 
weight and volume will allow the magnetic North Pole of the float to be positioned in 
the same plane as the liquid or interface level.  See the images below:

If the specific gravity of the liquid increases, it will apply an increased amount of 
buoyant force on the float, thereby pushing it higher out of the liquid.  In this case, 
the visual indicator outside the MLI chamber will display a positive error (the flags or 
shuttle will show that level in the chamber is higher than it actually is).

The opposite is true if the specific gravity of the liquid decreases.  Buoyant force on 
the float decreases, resulting in the float to sink lower into the liquid.  The visual 
indicator would show a negative error (the flags or shuttle will show that the level in 
the chamber is lower than it actually is). If the SG decreases enough, the float could 
completely submerge and sink to the bottom of the MLI chamber.  This would be 
considered a failure.

The above example demonstrates why it is critical to provide accurate specific gravity 
information to the MLI manufacturer.

Orion Instruments® offers a Float Diagnostics feature on all flag indicators. 
This option incorporates an additional section of alternate color flags 
below the normal measuring span.  If the float loses buoyancy and sinks 
to the bottom of the chamber, the flags located in the diagnostic zone 
will change from black to a bright color (typically orange, yellow, or red).  
Any flags flipped in this zone should notify the operator that something 
is likely wrong and warrants further investigation.
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Not only must a float achieve buoyancy in the process media, it must also withstand 
the pressure, temperature and corrosive properties on the particular application. 
Furthermore, it must be manufactured to provide accurate level indication, which 
is dependent on the liquid’s density, or as it will be referred to in this guide, specific 
gravity (SG).

To summarize, the following information is critical when designing a float:
• Operating & Maximum pressure

• Operating & Maximum temperature

• Media specific gravity (if it is a range, the float should be designed for the
minimum specific gravity that it will experience to prevent submergence)

• Material of construction

• Media build-up concerns for the float (PTFE or PFA coating might be
considered)

• Material density (some materials are too heavy for low-range specific gravities)

• Material yield strength (it must be strong enough to withstand collapse under
pressure)

• Chemical compatibility with media

• Cost

Orion Instruments® floats are made from a wide range of alloys including stainless 
steel, titanium, Hastelloy® C-276, Inconel®, Alloy 20, fiberglass and various durable 
plastics. These materials allow for use in a wide range of applications, including high 
pressure, full vacuum, high temperature, and cryogenic service.

Orion’s high-pressure sealed floats can be used in applications over 5000 psig (345 
bar). The metallic floats are precision welded by a pulse TIG or electron beam process. 
Specific gravity and serial number data are engraved onto every float to ensure accuracy 
and traceability. To combat high build-up media, floats and chambers may be PTFE 
or PFA coated for increased slip assistance

Float styles include sealed, pressurized, vented, and machined, depending on the 
application. These bullet-shaped floats are typically 7 to 14 inches (18–36 cm) in 
length with a diameter of 2–3 inches (5–8 cm).

Orion floats feature a retainer ring that precisely aligns the magnets 360° around the 
interior wall of the float. Full circumferential coverage is necessary because the float 
will rotate frequently inside the chamber.  A flux ring secured to the north and south 
pole of the magnets becomes saturated with the magnetic field and assists in directing 
it outward toward the visual indicator, switch, and/or transmitter.  Our use of high-
grade magnets ensures a constant, long-lasting gauss rating even at temperatures of 
+1000° F (+538° C).
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For applications involving liquids that tend to vary in density, Orion Instruments® can 
provide a Float Projection Curve that will display the anticipated error, should the 
specific gravity change.  By simply drawing a vertical line from the x-axis (liquid SG)  
to the curve, you can reference the length of the float that is submerged in the liquid.  

For example:
1. Float designed for water (1.0 SG)

2. At 1.0 SG, the float projects 6.25 in (15.9 cm) into the liquid

3. If the media SG changes to 1.3, the visual indicator will show positive error

4. By referencing the graph, the expected float projection at 1.3 is approximately 
5.88 in (15 cm)

5. By use of subtraction, the float is reading high by 0.37 inches (1 cm)

6. A 1 centimeter position adjustment on the indicator can correct the error

The MLI chamber is essentially a pressure boundary.  
Made of pipe, flanges and fittings, it also provides the 
float a vertical pathway along the entire measuring span.  
Chambers must be constructed of non-ferromagnetic 
materials (will not interact with a magnet).  In many 
cases, however, flanges and fittings that are not in close 
proximity to the travel range of the float magnets are 
allowed to contain ferrite (ie. carbon steel or duplex 
flanges)

Plastic chambers are also common in certain 
industries.  This is because they can be less expensive 
than metallics, or they offer unique chemical compatibility properties not found in 
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other materials.  Be aware that plastics are much more sensitive to high temperatures 
than metallic chambers.

Although they appear to be very simple, chambers can significantly impact the 
versatility of a magnetic level indicator.  Below are some features that you may want 
to consider when specifying your next MLI.  Note than many of these options might 
already be standard, depending on your choice of manufacturer.

Vent & Drain
Commonly provided on most high-end MLIs, vent and drain connections provide the 
user an alternate way to pipe into the chamber.  In many cases, the drain is left either 
plugged or closed off with a valve.  It can be opened at any time to drain the remaining 
liquid out of a recently emptied chamber.

Float Stop Springs
Springs are often included in the top and bottom of a the MLI chamber.  The primary 
purpose is to provide protection for the float during operation and shipping/handling.  
If pressure rapidly enters the chamber (possibly due to a quickly opened valve), the 
float could be propelled toward the top of the chamber at a high rate of speed.  The 
spring will dampen the impact and assist in protecting the float from damage.

Gas-Bypass Zone
In applications where flashing is a concern (rapid change from liquid to gas; boiling), 
the sudden presence of gas bubbles expanding under the float can cause it to be forced 
upward and then back down very erratically.  If viewed on the visual indicator, the 
operator would be unable to identify the true liquid level because of the very abnormal 
performance.

Similarly, if a large number of small 
bubbles form underneath and 
around the float, it will decrease the 
buoyant force that is keeping the 
float on the surface.  This could cause 
the float to submerge completely in 
the liquid.

To combat this phenomenon, a gas-bypass zone can be incorporated into the chamber 
design.  The zone is simply a large open space surrounding the float that allows the 
expansion of gasses to pass around it unimpeded.  In order for the float to operate 
the visual indicator properly, either a baffle plate or set of guide rods must be in place 
to restrict lateral movement of the float so that it does not lose coupling with any 
externally mounted components.

Globally-Recognized & Accepted Parts
Many end-users have certain requirements in place that govern what parts are 
allowed to be installed in their facility.  These engineering specifications might have 
restrictions on various types of piping components due to concerns related to their 

FLOAT FLOAT

BAFFLE PLATE GUIDE RODS
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quality.  Specifically, flanges, fittings and piping are produced in many regions around 
the world.  Some manufacturers conform to high standards, while others do not.  It is 
important to confirm that the MLI product being specified has been constructed with 
acceptable materials, especially since it is a pressure boundary device.

Process Connections
All magnetic level indicators must have one or multiple process connections that 
allows passage of liquid from the vessel into the float chamber.  The most common 
arrangement for process connections is the side-mounted approach.  There are two 
common processes in use today for creating a process connection:

Full-Bore
The Full-Bore approach involves a machined opening 
in the chamber with a fitting welded to it. The chamber 
pipe is drilled for the diameter of the branch connection, 
followed by a beveling of the outer edge.  The branch 
pipe is then machined to fit the shape of the newly 
bored hole.  The two are welded together forming a 
completed process connection branch.

Extruded Outlet
An Extruded Outlet is an opening in a 
chamber that is formed by either internally 
or externally forcing the chamber wall 
material to form a collar. First, a pilot hole 
is cut into the chamber material. A forming 
head with retractable pins is inserted into the chamber through the pilot hole. The 
retractable pins are then extended and the head begins to revolve. While the pins are 
revolving the forming head is pulled through the pilot hole forcing the reshaping of 
the chamber  material into the extruded tee connection.

This is a cold-working process which creates material stresses at the collar.  
An extruded outlet is not advised for applications involving heightened risks 
of cracking (NACE service).
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This chapter discusses the functions of magnets in MLI devices and provides information about 
the configurations of magnets used in floats and indicators. It describes the properties and charac-
teristics of magnets commonly used in MLIs and the advantages and disadvantages of each. This 
chapter also provides guidelines useful when selecting the best magnet for an MLI application.

Magnets in MLI devices are located within the float and are part of the indicator. The 
magnets in the float are positioned at the process liquid level. The float’s magnetic 
field conveys the level information through the chamber wall to either a shuttle or 
a system of flags in the indicator. This transfer of fluid level measurement using the 
magnetic field isolates the column’s level indicator from 
possible harsh properties (e.g., temperature, pressure, 
corrosiveness, turbulence) of the liquid in the vessel.

A stable, high-gauss field is critical for reliable operation. 
A series of magnets, precisely aligned around the inside 
diameter of the float, creates a 360° field. A magnetic flux 
ring adds rigidity and strength to the design and enhances 
the magnetic field.

In MLIs that use flags, magnets are placed within each 
flag to couple it with the float magnets in the float and 
flip the flag to indicate fluid level. In addition, the flag 
magnets prevent erroneous movement of the flags that 
might result from vibrations or other motions of the 
process vessel. Flags below the float are magnetically 
locked into the flipped position. If a problem does occur 
and the flags do not pivot with the change in level, the 
flags within the column can be reset using an external 
magnet.

Man-made magnets have been in use for two centuries. Over the last 100 years, special 
alloys have been developed to increase magnet performance. Modern magnets are 
made of a wide range of materials. In industrial applications, the most commonly used 
materials are grouped into four classes:

• Aluminum-nickel-cobalt (AlNiCo, or simply alnico)

• Strontium-iron (ceramics)

• Thermoplastic (flexibles)

• Neodymium-iron-boron and samarium-cobalt (rare earths)
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Each of these materials has various strengths and weaknesses when processed into a 
magnet. No single magnet type is perfect for all MLI applications.

Alnico, one of the first magnet materials to be developed, was commercially available 
in the early 1900s. Alnico is an alloy of aluminum, nickel, and cobalt. These magnets 
are generally made by casting, although the powder metallurgy sintering process is 
most suitable for the smaller magnets of an MLI.

The advantages of an Alnico magnet include excellent thermal stability, high corrosion 
resistance, and ease of magnetization. Alnico magnets can be magnetized even after 
the float is manufactured, which is important because the manufacturing process, 
especially extreme heat generated from welding, can affect magnetic properties.

The main disadvantage of alnico is its inability to operate a shuttle or flags across a 
large gap.  Because of this, pipe thicknesses greater than schedule 40 are too great for 
reliable alnico performance.

Ceramic magnets made of strontium-iron are also known as hard ferrites. They have a 
natural black color and the cost of the raw material is relatively low.

The advantages of a ceramic magnet in an MLI are its good magnetic performance 
and ability to withstand high temperature (up to +750° F [+399° C]) without 
demagnetizing. The main disadvantage of ceramic magnets is the manufacturing 
cost. Expensive diamond wheels must be used to cut and size each piece before it is 
magnetized.

Flexible magnets are made from thermoplastic materials. They are dark brown in color 
and are the only magnets that can be bent and flexed without a loss of magnetic 
performance.

The advantages of a flexible magnet in an MLI are the ability to conform to the 
contour of a surface and the ease of magnetization. The main disadvantage of these 
magnets is an inability to hold magnetization at high temperatures.  In addition, 
flexible magnets do not offer the comparative strength found in other alloy varieties.

Rare earth magnets include samarium-cobalt (SmCo) and neodymium-iron-boron 
(NdFeB) magnets. SmCo magnets were developed in the 1960s. They provide increased 
energy and coercive force over existing magnets and have resulted in new applications 
for magnets. In 1983, NdFeB magnets were developed, and they doubled the 
magnetic capabilities of the previous rare earth magnets. These magnets are produced 
by a powder metallurgy process and magnetization is done during processing.

The main advantage of rare earth magnets is that they hold their magnetism and 
provide higher coercive force. The primary disadvantage of rare earth magnets is that 
they are more costly and susceptible to breakage. They are also somewhat limited to 
elevated operating temperatures.

Miller Energy, Inc. 
In NY/NJ 800-631-5454 | In Eastern PA 888-631-5454 

www.millerenergy.com



The manufacturer of any MLI should make the necessary decisions regarding magnet 
selection.  The following information will provide you a better understanding of the 
criteria required for making this decision.

When selecting a magnet for an MLI, consider the process conditions under which 
it will be used. Selecting the right magnet is not as simple as using the one with the 
greatest field strength. Good engineering practice requires balancing the magnetic 
field strength against the application.  A magnet that is too strong can actually have a 
negative impact on float performance.  

Consider the following:

• Operating temperature 
What is the maximum temperature the magnet will encounter in the 
intended application? 

• Magnetic field strengths 
Can the field reliably activate the indicator, transmitter, or switch through 
the chamber wall? 

• Magnet lifetime 
Will the magnet become demagnetized or remagnetized during use?

High temperatures can greatly affect the magnetic field of a particular magnet. Alnico 
5 offers the highest temperature capabilities (+1000° F [+538° C]) of all the permanent 
magnet materials. A rare earth magnet, such as Samarium Cobalt, offers a stronger 
magnetic field but sacrifices high temperature capability. There are, however, advanced 
grades of rare earth magnets that are suitable for high temperatures.  Unfortunately, 
the cost is substantially higher than the alternative grades.

When evaluating magnets for an MLI, it is important to remember that stronger is 
not necessarily better. The strength of the magnetic field can be too great and cause 
excessive wear to the chamber and float, as well as put greater stresses on the flags or 
shuttle. Also significant hysteresis, due to chamber/float rubbing, may shorten the 
life of the float. In addition, the buoyancy of the float may lower due to its strong 
coupling to the shuttle or flag magnet. In some applications, a strong field may be 
necessary due to thick chamber walls or heavy external insulation. In this case, a rare 
earth magnet can be used, as long as the temperature is not too high and the material 
strength is sufficient for the application.

Modern magnets have long magnetic lifetimes. For example, experimentation has 
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shown that the SmCo (samarium cobalt) magnet loses less that 1% of its magnetic 
field over a period of 10 years. Most magnets, when stored away from heat, humidity, 
radiation, electric currents, power lines, and other magnets, will retain their magnetism 
for well over 100 years. However, the alnico group of magnets can be affected by 
external magnetic fields at higher temperatures, thus accelerating the loss of magnetic 
field strength.

The following table compares the magnetic field strengths and the operating 
temperatures for various magnetic materials commonly used in MLI devices.

For most applications, alnico is the best choice because it is rugged, low cost and 
it can withstand elevated operating temperatures (+1000° F [+538° C]). The key 
disadvantage is the relative magnetic strength compared to rare earth magnets.

Alternatively, where the magnetic field must penetrate thick pipe walls and heavy 
external insulation, a rare earth magnet with a high gauss rating is a good choice.

Orion Instruments® offer both Alnico and Rare Earth types of magnets in varying 
grades.  The decision regarding appropriate magnet selection will be made by  
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trained application engineers utilizing data that correctly matches field strength and 
temperature suitability with the application.

If you have any questions about our magnets, please do not hesitate to contact us.
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Transmitters provide continuous signals that allow the user to remotely monitor process fluid levels 
through direct or indirect exposure to the liquid. A transmitter can be coupled with a magnetic level 
indicator to provide an electronic output in addition to visual indication.

Combining a transmitter with a magnetic level indicator provides level 
measurement redundancy. In addition to the visual readouts displayed 
on the shuttle or flag-type indicator, a transmitter can be added to 
provide level measurement, as well as remote monitoring of process 
vessel levels.

The transmitter sends a signal that is proportional to the fluid level in 
the vessel to a computer, PLC (Programmable Logic Controller), or 
other input device. Depending on the type of transmitter used, the 
level can be sensed directly from the liquid surface in the chamber 
(which matches the level in the vessel) or the level is sensed from the 
position of the float in the chamber.

Three transmitter types often are used with MLIs:

• Reed chain

• Magnetostrictive

• Guided wave radar

The reed chain transmitter consists of a series of point 
level control devices (reed switches) along a resistor chain. 
As the MLI float moves up or down with the change in 
liquid level in the vessel, the magnetic field of the float 
magnet closes reed switches across fixed resistors. A closed 
reed switch changes the resistance in the circuit. The total 
measured resistance is proportional to the liquid level. 
The resistance is converted to a 4–20 mA signal. Since the 
signal is incrementally based on resistor length, the reed 
chain transmitter is limited in resolution when compared 
with other continuous level measurement devices such as a 
guided wave radar transmitter.
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In short lengths, the reed chain transmitter is less expensive than other options. It is 
externally mounted and can be added or removed at any time without interrupting 
the process. Typically, the reed chain transmitter attaches to the MLI float chamber 
using field adjustable clamps. Because the analog transmitter is activated by the float’s 
magnetic field, it is noninvasive and allows for years of maintenance-free service.

A magnetostrictive transmitter operates on the time-
of-flight principle. A low-energy pulse from an 
electronic head assembly is sent down the probe along 
a magnetostrictive wire. When the pulse intersects the 
magnetic field of the MLI float, a small distortion, 
or twist, is created in the wire. This distortion causes 
a mechanical wave to return toward the electronic 
assembly. This return signal is detected by the 
piezoelectric sensor located within transmitter probe. 
A clock in the electronic assembly precisely measures 
the elapsed time between the generation of the pulse 
and the return of the mechanical wave.

The time it takes for the signal to reach the receiver is 
measured and is converted into an output signal that 
is proportional to the process fluid level. The signal can be sent to a remote display, 
a local indicator, or an analog or digital input channel. At the remote display, an 
operator can view the actual liquid level as the percentage of level, height of level, or 
milliamp current.

An externally mounted magnetostrictive transmitter is secured to the outside of the 
MLI chamber using clamps.  A direct insertion option is also available that can be 
used without a magnetic level indicator and  can instead be installed directly into a 
vessel.
 

Guided wave radar (GWR) transmitters 
also operate on the time-of-flight principle 
that combines time domain reflectometry 
and equivalent time sampling. The GWR 
consists of a transmitter-receiver and a 
probe or waveguide. The probe, which is 
in contact with the liquid in the chamber, 
directs and controls the radar signal. It offers 
an efficient path for the signal to travel down 
to the surface of the fluid and back.
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The probe can be a single rod, twin rod, or a coaxial waveguide. MLIs with only one 
chamber use a single rod or coaxial type probe in the same chamber as the MLI float. 
MLIs with the twin-chamber design can use a single rod, twin rod, or coaxial probe 
in either chamber design. The GWR is contact-based measurement and detects the 
media level directly. It offers a redundant level output that is independent of the float 
and indicator.

The transmitter sends radar signal pulses down the probe. The signal pulses reflect 
from the surface of the liquid in the float chamber and return back along the probe 
to the receiver. The level of fluid in the vessel is calculated from the time it takes for a 
pulse emitted from the transmitter at the top of the probe to reflect from the surface 
of the liquid and be detected by the receiver.

When selecting a transmitter to use with an MLI, consider the cost, accuracy, range of 
level measurement, and process conditions under which it will be used. Specifications 
of Orion reed chain, magnetostrictive, and guided wave radar transmitters that can 
be used with MLI devices is summarized in the next section. The advantages and 
limitations of these transmitters are discussed below.

The reed chain transmitter is typically the least expensive and the least precise, as it 
can only measure the level to the nearest 0.5 inches (1.3 cm). Resolution is limited by 
the distance between the switches in the chain. The ohm value of the resistor chain 
changes in increments, so precise measurements are not possible.

The reed chain transmitter is not immersed in the process fluid and, therefore, is not 
exposed to process pressures and media. This transmitter has a minimum operating 
process temperature of -40° F (-40° C) and a maximum operating process temperature 
of approximately +500° F (+260° C).

The accuracy of the magnetostrictive transmitter is better than the reed chain 
transmitter (up to ±0.015 inch [±.381 mm]).

The advantage of an externally mounted magnetostrictive transmitter is that the probe 
is not immersed in the process fluid and, therefore, is not exposed to process pressures 
and media. It also avoids interacting with process fluids that may be incompatible 
with the sensor material.

This transmitter has a low-end operating temperature of -320° F (-195° C) and 
a maximum operating temperature of approximately +500° F (+260° C) and 
approximately +850° F (+454° C) when the probe is properly insulated.
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The GWR transmitter delivers high accuracy and repeatability (±0.1 inch [±.2.54 mm]) 
and is usually is the most expensive of the three transmitters considered. The GWR 
transmitter is internal and detects the fluid level directly. It offers level measurement 
completely independent of the float. For applications requiring redundancy and 
transmitters with no moving parts, the GWR transmitter is an ideal choice. For critical 
safety related systems, the Eclipse SIL 3 (HFT=1) capability and Safe Failure Fraction 
of 91.9% can eliminate the need for additional transmitters.

Orion produces a complete range of transmitters including the Magnetrol® Eclipse®  
Guided Wave Radar transmitter. Because Orion Instruments is responsible for the 
manufacture of its entire line of transmitters, Orion Instruments® takes responsibility 
for the performance of each instrument. This total-control concept differs from many 
other MLI suppliers who purchase and private label their magnetostrictive or reed 
transmitters.

Specifications of the reed, magnetostrictive, and GWR transmitters used in Orion 
MLIs follow:
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MLIs can be fitted with a variety of accessories to enhance process control operations, protect the 
MLI from extremes of pressure and temperature, or enhance the MLIs scale for a specific application. 
Accessories include high/low level switches, heat tracing devices, insulation blankets, and magnetic 
traps.

Electric snap, pneumatic relay, or reed level switches can easily be added to an MLI. 
These switches, used to sense and control high or low levels, are activated by the 
magnet assembly in the float.

Just as the MLI float and indicator are magnetically coupled, the float and a magnetic 
switch couple. When the float moves up or down with the level in the vessel, the float’s 
magnetic field opens or closes a switch.

Since there is no physical contact with the process, magnetic coupling eliminates the 
need for seals, diaphragms, and gaskets common to other level switching devices. 
Magnetic coupling also eliminates process connections to the switch and, therefore, 
no valves are required to block off the switch for maintenance.

Orion level switches are generally encased in aluminum or stainless steel and attach to 
the outside of the chamber with clamps that allow for field adjustments. The switch 
types are electric snap, pneumatic relay, or reed.

Heat tracing is used to prevent freezing of the liquid, maintain process temperature 
requirements, or keep the process fluid temperature elevated to ensure it does not 
become overly viscous. Steam and electric heat tracing are the most common forms.

Many MLIs have steam or electric connections pre-installed to permit easy 
commissioning in the field or addition of heat tracing at a later date. Steam 
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connections are standard and controlled by thermostatically-operated valves. The two 
common electric heat tracing configurations are the fixed-point thermostatic switch 
and the adjustable bulb-type thermostatic switch. Both come with a wiring harness or 
junction box for field wiring.

Steam tracing is a popular choice because steam costs less than electricity for equivalent 
heating. Electric heat tracing is beneficial because greater control of the heating 
element is possible.  If electric tracing is used, the temperature requirements and the 
area electrical classification must be specified.

For Orion MLIs, steam or electric heat tracing is available as a factory-installed option. 
For MLIs with steam tracing, the unit has two tube connections that are ready for 
direct connection to the plant steam supply. For MLIs with either type of heat tracing, 
the unit is available with a pre-installed insulation blanket.
 

Insulation blankets have three parts—filler, jacket, and liner. Insulation is typically 
a removable blanket for high temperature applications or for freeze protection. The 
jacket and liners are made of weather-resistant silicone cloth and sewn with fire 
retardant Teflon® thread. For cryogenic blankets, the jacket is made of polyurethane 
and the liner is made of aluminum sheeting.

Insulation blankets are available for all types of MLI configurations. The blanket 
maintains the required temperature of the processing fluid. The insulation blankets 
may be for high temperatures (up to +1000° F [+538° C]) or for low temperatures 
(down to -320° F [-195° C]). The blankets have different thickness (0.5 to 4 inches 
[13 to 102 mm]) based on the required temperature specifications.

Orion Instruments offers high-temperature and low-temperature insulation fabricated 
specifically for each application:

• Cryogenic insulation from -320° F (-195° C) to +32° F (0° C), which is 
suitable for liquefied gases and media that vaporize at ambient temperature, 
such as liquid natural gas and liquid petroleum gas.

• High-temperature insulation for personnel protection process temperature 
maintenance up to +1000° F (+538° C).

Orion Instruments® high temperature blankets are made of a needled fiberglass mat. 
They are attached to the MLI using Velcro® straps. All seams in the insulation and in 
the jacket are sealed with special vapor barriers to prevent moisture from entering. 
Quilting pins and cross-stitching ensures blanket integrity.
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Orion offers custom designed frost extensions engineered for specific application 
requirements. Orion frost extensions are hermetically sealed and manufactured of 
polymers that prevent frost accumulation while ensuring the high degree of readability 
for the user.
 

Magnetic particle traps (or magtraps) are provided 
to prevent ferromagnetic particles in a vessel from 
entering the MLI chamber and interfering with the 
movement of the float. The trap is installed at the 
bottom process connection. The  permanent magnet 
in the trap ensures the clean and effective removal of 
ferrous contaminating materials.

As determined by the visual indication length of the gauge, an extra support is generally 
recommended after the first 12 feet (3.7 m) and another after each additional 6 feet 
(1.8 m). Any additional process connection can be regarded as a support. To equalize 
the loading of the process connections and the supports, the spacing of each should 
be uniform.

There are times when the weight of the gauge will require additional support be added 
to the process connection. A gusset is commonly welded in place to reduce the stress 
between the process connection and the chamber.
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As a general rule, the MLI is split into multiple sections after every 19 feet of 
visual indication length. These may be individual gauges with independent process 
connections or separate chambers joined into a continuous gauge. Regardless of 
the method, the scale indication will be broken into the same lengths. In the case 
of two independent gauges, the visual indicators can be located such that the level 
measurement is never interrupted. Sectioned continuous gauges will, by necessity, lose 
some portion of the level measurement.
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Orion Instruments® produces the Atlas, Aurora, and Gemini models of magnetic level indicators in a 
wide variety of chamber styles and configurations. Each design is compatible with a complete range 
of level switches and transmitters.

Orion Instruments® MLIs are precision-engineered and manufactured to indicate 
liquid levels accurately, reliably, and continuously. They are sealed chambers that 
rarely require maintenance.  They also eliminate vapor or liquid emission problems 
common with sight glasses.

Orion MLI features include:

• Fabricated, non-magnetic chamber assembly, manufactured in a wide range 
of metal, plastic, and composite materials

• A wide selection of process connections

• Precision-manufactured floats with internal magnets that have a 5-year 
warranty

• Flag or shuttle type indicators with an optional stainless steel scale that reflects 
height, volume, or percentage of fluid level

• REVEAL™ wide flag visual indicator for unprecedented visibility

• Visual indicator with InstaSeal™ valve to maintain inert gas pressure in 
viewing window

• Durable metal flags able to withstand rigorous high temperatures and 
vibration

• Local LCDs on some transmitter models enable the user to view configuration 
parameters, error messages, and live process variable data

• PACTware communication and diagnostic tool for Jupiter® and Eclipse® level 
transmitters

Orion offers four models of magnetic level indicators:
• Atlas

• Aurora

• Gemini

• Stratus

 
Selecting the right configuration for an application depends on factors such as the 
pressure and temperature of the process fluid in the vessel, the size and shape of the 
vessel, the type, material, and strength of the process connections, joints, piping, and 
the style of the chamber.
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The Atlas™, Orion’s standard, high-performance, single chamber MLI, 
is available in a wide variety of mounting configurations. It is the ideal 
replacement for sight glass gauges and satisfies the highest pressure and 
temperature level measurement demands.

Atlas is available in a wide range of metal alloys and plastics including 
304/304L SS, 316/316L SS, Inconel, Hastelloy, Alloy 20, PVC, CPVC, 
Kynar, and fiberglass. Atlas is offered in a broad range of pressure ratings, 
styles and sizes with a variety of process connections. Top and bottom 
float stop springs are standard.

Atlas can be equipped with shuttle or flag-type indicators, level 
transmitters and switches, blankets, steam or electric heat tracing, frost 
extensions, and stainless steel scales.
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The Aurora, designed, patented, and engineered by Orion Instruments®, combines 
the MLI technology of the Atlas with a premiere guided wave radar (GWR) level 
measurement transmitter. Aurora has a single chamber that is larger than the Atlas to 
accommodate both the float and Magnetrol’s Eclipse GWR with coaxial-style probe.

Inside the chamber, the probe mounts securely against the inside wall of the pipe, 180 
degrees from the visual indicator without any impedance of float travel. The probe is 
not used as a guide for the float. An angled baffle plate is mounted inside the Aurora 
chamber to ensure optimal and unimpeded travel of the float. The baffle’s perforated 
design allows free product flow through the entire chamber.

This combination provides for two independent and accurate level measurement 
systems. The Eclipse® makes it the preferred MLI for applications where true 
redundancy is required and a single chamber is preferred.

Aurora has a range of side-mounted 
configurations and can be constructed of 
many materials. Top and bottom MLI float 
stop springs are standard. Aurora MLIs may 
be equipped with switches, blankets, steam 
or electric heat tracing, frost extensions, 
flag/shuttle indicators, and stainless steel 
scales. Aurora is offered in a broad range of 
pressure ratings, styles, sizes and a choice of 
various process connections.
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The Gemini MLI is a twin-chamber design for use on 
applications where redundant level measurement is 
critical. Gemini combines MLI technology with a GWR, 
magnetostrictive, or other type of direct insertion transmitter 
installed in the secondary chamber. It provides precise visual 
measurement and reliable level data transmission to a remote 
display or controller.

Gemini is available in a wide variety of configurations and is 
offered in a broad range of pressure ratings, styles, sizes and 
choice of process connections. Top and bottom MLI float 
stop springs are standard in the primary MLI chamber. The 
secondary chamber houses the transmitter sensor and allows 
the GWR transmitter to provide a backup or remote level 
measurement.
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