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ABSTRACT

In conventional industrial pumps the rotor is supported
for example with slide bearings which can cause trouble.
In a first part of this paper, based on earlier publications
[1], [2] and [3] a magnetic bearing configuration suitable
for a canned pump is presented, which has to fulfill the
standards applicable for industry. Extensive tests with
water on the test facility have shown the feasibility of
the proposed 30 kW bearingless canned pump. The
most important components of the system and the test
results will be presented and discussed.

INTRODUCTION

Today widely used pumps for the production of critical
media are the so-called canned motor pumps and the
magnetic-clutch pumps, which enable a hermetically
closed system structure by the absence of rotary shaft
seals. The slide bearings used for supporting the shaft
are a frequent failure cause of the pump systems and can
thus lead to cost-intensive down times of the production
plant. By substitution of the slide bearings by magnetic
bearings even critical operating conditions cause no
problem, such as dry running of the pump.

The use of 3-phase standard converters from the drive
technology and the use of components which can act
through the metallic can leads to a solution whereby
substantial demands affecting reliability, price and system
complexity can be fulfilled. The application of a 3-phase,
homopolar, permanent-magnet-biased radial magnetic
bearing and a bearingless motor lead to a short design of
the pump. Therefore the hydraulic losses decrease and
the overall efficiency of the pump increases. For the
acid feasibility test, a 30 kW bearingless canned motor
pump is assembled and tested on a pump test bed.

By the simultaneous use of the magnetic bearings as an
actuator and as sensor on the one hand the shaft is
levitated, and on the other hand it is possible to effect
simply a measurement of process forces in operation
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and also operation condition recognition at the same time.
These aspects assume increasing importance especially in
connection with the demand for heightened availability in
complex production facilities.

MECHANICAL AND ELECTRICAL SYSTEM

Pump Mechanics

Figure 1 shows a profile of the bearingless canned
motor pump. The pump head taken from a standard
process pump is flanged to the motor casing. An 0.5 mm
thin metallic can divides the rotor and the stator space.
Sleeves, the radial bearing and the motor stator support
the can to withstand the full design pressure. As there
are no rotating parts protruding the pressure-retaining
compartment there is no need for a dynamic shaft seal.
The only necessary seals are static O-rings with their
proven reliability. The hydraulic axial thrust is only
directed towards the pump head because the impeller is
only equipped with the eye wear ring. This allows the
use of a single-acting thrust bearing.

Eddy current, hydraulic and electric motor losses lead to
a rise in temperature of the can. A partial flow drawn
from the pump pressure side provides a cooling flow
through the rotor-stator-can gap and is then returned to
the suction pipe of the pump.

Run down bearings are installed to avoid a collision
between the rotor and the can in case of electric failure.
The run down bearings consist of a non-metallic
material.

All parts, which are in contact with the pumped liquid
are made of stainless steel besides a Hastelloy can. This
allows using the pump also for aggressive media.

This pump is intended as process pump in the
Hydrocarbon Processing Industry (HPI) and in the
Chemical Processing Industry (CPI) and can be
employed for toxic, flammable, expensive, abrasive and
low viscosity fluids.
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FIGURE 1: Bearingless canned motor pump

Magnetic Bearings

In order to avoid any kind of friction or sleeve type
bearings, the shaft of this pump is levitated
magnetically. A magnetic bearing is capable of
producing controlled forces so that the rotor of the
pump can be held in position without touching the stator
parts. Magnetic bearings have to be actively controlled.
Therefore the actual position as well as stiffness and
damping of the bearing can be adjusted within certain
limits. Thus the rotor dynamic behaviour can be
influenced. The position accuracy of the used bearings
is £ 20 um during full speed operation and from opened
to closed suction valve. The bearing system consists of
one half-active thrust bearing and two radial bearings,
of which one is combined with the motor.

Bearingless Motor

Bearingless motors have been for a long time subject of
research [4], [5], [6], [7]. The expression ‘“Bearingless
Motor” does not mean the lack of bearing forces (they
are needed for stabilising the shaft in 5 spatial degrees
of freedom) but the absence of actual bearings. The
bearingless motor consists of two 3-phase winding
groups. One winding group is responsible for the torque
generation and the second one produces the independent
forces in each radial direction to levitate the rotor.

The figure 2 below shows the magnetic fields within
this electrical machine. The superposition of a two-pole
motor flux (p; = 1) and a four-pole steering flux (p,=2)
defines the behaviour of this machine type. The force
direction depends on the direction of the steering flux
vector relative to the motor flux vector.

Because of the motor parameter a wound rotor is used.
Changing the end rings of a conventional squirrel-cage
rotor leads to some drawbacks, like increasing length
and in addition to a complex structure of the rotor.

With a bearingless motor, it is possible to avoid a
second separate radial bearing, so that the pump can be
built much shorter and hydraulic losses in the motor-
bearing unit can be reduced.

MAIN PROGRAM | TOC | AUTHOR INDEX

AUTHOR INDEX

CASE STUDIES

EARLIER |

FIGURE 2: Superposition of magnetic fields within the
bearingless motor

A bearingless motor is not much longer than a normal
induction motor with the same power consumption. The
motor is capable of producing a maximal mechanical
power of 45 kW at the shaft. The maximal radial force
in any direction is approximately 3500 N.

The motor is combined with a Variable Frequency
Converter (VFC). Therefore the speed of the pump is
variable between 0 and 3000 RPM. Figure 3 shows the
shaft and the stator of the bearingless canned motor

pump.

FIGURE 3: Bearingless motor stator and shaft

3-phase, homopolar, permanent-magnet-biased radial
magnetic bearing

In a radial active magnetic bearing, usually four
independent electromagnets are arranged around the
rotor. They are operated either by four unipolar power
amplifiers or by two bipolar amplifiers. A simplification
can be achieved by the arrangement of only 3
electromagnets. Such configurations have been shown
for example in [8] and [9]. In this case three
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independent unipolar power amplifiers are still needed
for the control of one radial bearing. Unfortunately it is
not possible to operate the three coils with a 3-phase
power converter. However, it would be very attractive
to operate magnetic bearings with 3-phase power
converters, mainly because of two reasons:

O 3-phase converters are used in huge quantities for
electrical drives and are therefore available at very
low prizes. Today they are even cheaper than dc
power amplifiers.

Q Modern 3-phase servo amplifiers incorporate high
performance  digital processors like signal
processors. These processors would offer enough
calculation power for the control of active magnetic
bearings. This means that a 3-phase servo amplifier
could be easily transformed into a magnetic bearing
controller merely by exchanging software.

In [9] an active magnetic bearing type is shown which
can be driven by an industrial 3-phase power converter.
However this type needs special coils to create the
premagnetisation needed by the magnetic bearing. Such
coils need much space in the bearing stator especially
when the air gap between bearing stator and rotor has to
be large, as for example in systems where the rotor and
stator must be canned. For such canned systems (pumps
or compressors for industrial operation) it seems to be
desirable to have active magnetic bearings with:

O large air gap > | mm
O no special premagnetisation coils and
Q which are still small and compact

The applied radial bearing (figure 4) is designed to
generate maximal forces over a large air gap with a
minimum of power consumption. The minimised power
consumption allows using a bearing control unit of
relatively small size compared with other magnetic
bearing types of this capacity. The bearing can produce
forces in any radial direction up to 2300 N, which is
enough for the entire allowed operation range of this

pump.

Thrust bearing

As already mentioned it is possible to use a half-active
thrust bearing in this application, whose load capacity is
shown in figure 8. Although there is only one coil it is
possible to control the bearing current with the same 3-
phase power converter type as it is used for the 3-phase
ac bearing and for the bearing coils of the bearingless
motor.
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FIGURE 4: 2300 N; 3-phase radial bearing for the
30 kW pump

Bearing and Motor Control

The control of each magnetic bearing requires a power
converter, a fast and powerful signal-processing unit
and a position-sensing unit. The three magnetic bearing
amplifiers are the same type and are usually used as 3-
phase servo amplifiers for drive control. Each bearing
has its own controller with a separate power converter.
The digital signal-processing unit measures the position
of the shaft every 62.5 us and calculates the needed
currents in the coils of the bearings, which produce the
forces to move the shaft to the centre position. The
motor control is effected with a 45 kW power converter,
which is able to control the torque as well as the speed
of the pump without any additional sensors. The
different controller units are connected together to
realise a protection concept, which is necessary for the
explosion proof system and for security reasons.

Pump Control

The signal of the differential pressure between suction
and discharge of the pump is used as input signal for an
overlaid pressure controller loop within the Variable
Frequency Converter (VFC) of the motor. That leads to
a simple possibility to control the pressure of the pump
without a pressure valve in the discharge pipe merely by
changing the speed of the motor.

This allows running the pump close to its best efficiency
point, thus saving energy. The pump can be operated
safely within the full flow / head range and speed range
at normal operating conditions.

The pump and the drive system are monitored in order
to protect them from damage due to upset operating
conditions. The bearingless canned pump is shut down
automatically in a controlled way (rotor is levitated until
it comes to a stand still) if limits, which are given by the
application, are exceeded. Possible limits are:
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O Radial and axial displacement of the rotor exceeds

maximum available clearance of run down bearing
O Electric current exceeds
capacity

maximum amplifier

O Temperature of the can exceeds limits given by the
process

TEST BED

The entire test was carried out on a closed water loop
test rig at Sulzer Pumps’ headquarter in Winterthur,
Switzerland, as shown in the following pictures (5 and
6). The partial flow through the gap between rotor and
stator was adjusted with a valve in the return line;
temperature and flow were measured. The suction tank
was furnished with a filter. The suction and discharge
pressure and the temperature of the closed loop were
measured.
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FIGURE 35: Test rig layout

Temperature

FIGURE 6: Bearingless canned motor pump on the test
bed
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MEASUREMENTS AND RESULTS

Bearing forces

The load against current of the 3-phase bearing is shown
in the next figure (7). The maximum load capacity is
2300 N. The maximum radial force of the bearingless
motor is approximately 3500 N and 3700 N for the
thrust bearing (figure 8).

Bearing Force [N]

FIGURE 7: Load capacity of 3-phase bearing
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FIGURE 8: Load capacity of thrust bearing

TABLE 1: Bearing parameters

3-phase Bearingl. | Thrust Unit
Radial Motor Bearing
Bearing
max. current 16 16 16 A
max. force 2550 3920 3100 N
ki 158 245 324 N/A
k, 700 560 1070 N/mm

It is possible to use the magnetic bearings as actuator
and sensor at the same time. This means that one is able
to calculate the radial and axial process forces in the
pump on-line (see next chapter).
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Furthermore it is possible to calculate process data like
pressure and flow merely by analysing internal values
like motor current and voltage and the speed of the rotor.

Axial thrust measurement

The axial thrust was measured in relation to the partial
flow Qg through the gap (figure 9). A large partial flow
means a big pressure difference between the rotor front
and the back side, which leads to a low thrust and vice
versa. The partial flow was varied from about 1.1 I/s to
0.5 I/s and is now fixed at about 0.5 I/s at BEP. With
this partial flow the maximum residual thrust to be
absorbed by the magnetic thrust bearing is about 1800 N,
which is well within its capacity.
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FIGURE 9: Axial thrust @ 3000 rpm
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FIGURE 10: Axial thrust as a function of the rotor
speed

The axial thrust was also measured in relation to the
mechanical speed of the rotor (figure 10). The axial
thrust force is a function of the pressure and near the
BEP it increases with the power of two with the
rotational speed of the rotor.
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Q-H-characteristic
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FIGURE 11: Q-H characteristic @ 3000 rpm

As expected the Q-H-curve matched the curve of the
conventional pump; the head at BEP was 68 m at about
30 I/s. The overall efficiency was 45%, which is lower
than a similar pump with separate coupling and motor
because the hydraulic and electric losses are higher.
This test has shown that it is possible to run the pump
from 0 to 3000 RPM from completely opened to
completely closed discharge valve.

Rotor dynamics

Another interesting test was the unbalance test. Here an
M?20 nut was dropped into the suction pipe to simulate
the case of a loose part in the pipe getting trapped in the
impeller vanes. The pump ran at BEP at a speed of 3000
RPM. In figure 12 one can see the increasing amplitude
of the position orbit from the radial bearing (here the y-
direction is shown). Although the orbit increases, it is
not critical for safe running.
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FIGURE 12: Orbit of the 3-phase bearing at unbalance

This test has shown that the bearing controllers are stable
enough for this operating condition. With the help of a
signal, synchronous to the mechanical speed of the rotor
it is now possible to improve the quality of the position
orbit or reduce the unbalance disturbances.
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SUMMARY

A prototype of a 30 kW bearingless canned motor pump
has been developed, manufactured and tested to
demonstrate that this technology meets the high
expectations. Extensive testing in water on the test
facility at Sulzer Pumps’ headquarter in Winterthur,
Switzerland, has shown that the pump could be operated
safely on the entire head / flow range at any speeds
between 0 RPM and 3000 RPM without having contact
with the rotor in the can. Unbalance fed to the impeller
eye was detected and the bearing control adjusted to it.
The suction and the discharge valve were closed and the
pump was switched off automatically after exceeding
the pre-set limits. The rotor dynamic behaviour was
sound and no drifts of the orbits were observed.

OUTLOOK

Electrical conductive materials cause eddy current
losses. Alternative can materials are being investigated
to improve the efficiency of the bearingless canned
motor pump. The overall actual pump control unit
requires more space than theoretically necessary,
because it is built in separate units. A future step of the
project will lead to a very compact control unit for the
bearings, which can be combined with the pump
housing (see figure 13).

FIGURE 13: Next generation bearingless canned motor
pump

The separate power converter for the drive can be
installed away from the pump in a protected area. The
use of a variable frequency drive is advantageous in
view of the development of a pump-motor range. In
contrast to the existing process pump ranges the number
of hydraulics could be reduced considerably to cover the
same Q-H range.
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This would increase the operating range of one pump
size, thus providing a high degree of flexibility to the
customer in terms of application, maintenance and spare
parts.
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