Best Practices & Applications

Technology advances in

magnetic drive pumps

Sealless designs offer safety and reliability.

By David Clark, Sundyne |

ealless magnetic drive pumps

have been in operation for

decades, yet they remain a
niche solution for solving hazardous
pumping applications. While it is true
that sealless magnetic drive pumps
feature fewer leak paths and their com-
ponents boast higher reliability than
traditional sealed pump designs, the
reluctance some engineers have toward
acceptance of this proven technology is
the legacy of a handful of early histori-
cal failures. However, new technologies
and tools are now available to help
avoid breakdowns and further advance
the safety and reliability of magnetic
drive pumps.

Sealless pumps fall into two general
types: canned motor pumps and mag-
netic drive pumps. Canned motor
pumps utilize an integral close-coupled
induction motor as part of the design,
with a thin metallic barrier — called
the stator liner — between the motor
rotor and stator, which acts as the pri-
mary containment device. The shaft and
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motor rotor are supported

by bushings that are submerged in and
lubricated by the process liquid being
pumped. The magnetic drive pump uses
a standard electric motor with either a
flexible coupling that utilizes a bearing
housing arrangement similar to those
found on sealed pumps, but where
the shaft supports the outer magnet
assembly rather than the impeller, or a
close-coupled design in which the outer
magnet assembly is mounted directly
to the motor shaft. The outer magnet
assembly is magnetically coupled to
the inner magnetic drive, separated
by a containment shell acting as the
primary containment device. The inner
magnet drive is connected to an impel-
ler directly or via an internal shaft and
is supported by bushings that are lubri-
cated by the process liquid.

Several failure modes are associated
with both types of sealless pumps. The
first takes place when metallic primary
containment devices are used; Inductive
heating can occur because of eddy

Figure 1. Cutaway of a magnetic drive
pump that shows a simple, close-coupled
mounting with a nonmetallic primary
containment device and polymer lining
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currents induced in the device
when the driving magnetic field
rotates around it. Overheating of
the metallic primary containment
device can happen within sec-
onds if the inner rotor assembly
is seized, or more slowly if vapor
or gas is allowed into the pump.
This unexpected heat generation may
flash the process liquid and disrupt
bearing lubrication. Without lubrication,
the bearing system can catastrophically
fail, possibly rupturing the primary con-
tainment device. For a magnetic drive
pump, this condition can be addressed
in three ways:
1.Elimination of the failure mode with
the use of a composite contain-
ment shell
2.Use of instrumentation to detect
and shut down the pump when
causal factors are present
3.Mitigating the risk of the pump
leaking through containment shell
failure with secondary contain-
ment/control
The use of a nonmetallic containment
shell is the preferred method for pre-
venting this type of failure since it
prevents the key source of heating that
can lead to pump breakdown. Lined
process pumps include a nonmetal-
lic containment shell that eliminates
eddy current heat generation and its
related failures. Metallic magnetic drive
pumps have also adopted nonmetallic
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containment shells. This is a composite
shell that is nonconductive and there-
fore will not result in eddy currents
from the magnetic flux passing across
it. Composite containment devices are
chemically resistant and exceptionally
tough. They feature fire, erosion and
impact tolerance that in many cases are
superior to thinly lined metallic options.
Note that the nonmetallic option is not
available on canned motor pumps.

The second method of mitigating risk
of a potential containment shell failure is
to employ instruments that can enable
the pump to detect when causal factors
or early failure symptoms are present.
Historically this has included installing
power monitors on the motor to detect
a low-load condition from a run-dry
situation. Running a sealless pump dry
can result in damage because it causes
a loss of process liquid flow and heat
removal from the containment shell
as well as a loss of lubrication for the
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Figure 2. An ultrasonic instrument detects
vapor in liquid down to 1 percent by volume. It
provides early and direct indication of a poten-
tially damaging operating condition.

internal process lubricated bearings.
Other monitoring techniques include
temperature sensors on the contain-
ment shell to detect the temperature
rise in the containment shell, leak
detection sensors, and low-level or low-
flow monitoring of the process liquid
to detect if a run-dry or loss of cooling
condition might be present. These are
indirect measures of a key operating
parameter critical for providing bearing
lubrication and heat removal. Direct
measurement of the gas vapor content
of the process liquid is now available
using an ultrasonic sensor that is fitted
to the pump housing. One ultrasonic
instrument is capable of detecting gas
bubbles on the order of less than 1
percent by volume.

Secondary containment

The final way of mitigating the effects of
containment shell failure is via secondary
containment or control. In this situation,
the leak path of the process liquid is
directed into a secondary housing. For
canned motor pumps, the motor hous-
ing is the secondary containment barrier.
For magnetic drive
pumps, the second-
ary housing is either

a secondary containment shell wrapped
around the primary shell or the magnetic
coupling housing with the inclusion of a
leakage restriction device on the outer
magnet assembly driving shaft.

A secondary containment shell typi-
cally requires thinner primary and sec-
ondary containment shells to enable
the process fluid in the internal flow
regime to provide suitable cooling for
both shells. Additionally, the second-
ary containment shell is subject to the
same induction heating as the primary
containment shell, so a common fail-
ure mode is present even with the
secondary shell. Using the magnetic
drive housing as either a secondary
containment or control requires the
use of a leakage restriction device or a
mechanical seal. In this situation, the
pump acts as a hybrid tandem sealed
pump, but the primary seal is the single
containment shell of a magnet drive.
This arrangement has the advantage of
separating the primary and secondary
sealing devices such that the initial fail-
ure mechanism that caused the primary
device to fail does not negatively impact
the integrity of the secondary device, in
this case, the secondary seal. Another
benefit of this arrangement is that it
allows the use of a nonmetallic contain-
ment shell or a thicker and more robust
metallic containment shell.

Image 1. Magnetic drive pumps with nonmetal-
lic primary containment devices are available to
comply with APl 685 specification.
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