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Abstract—This article presents a results of selected hardware
investigation done using the Programmable Automation
Controller (PAC), The Device was placed at the laboratory test
rig consisting of programmable devices: signal generator,
oscilloscope, load. The controller was tested with respect to the
requirements of active levitation devices. The analog power
actuator was investigated and results are given in a form of plot
diagrams.

I. ACTIVE MAGNETIC BEARINGS CONTROLLERS

The flexibility of configuration and implementation of
control tasks means that more and more advanced methods
and apparatus are used. ALM systems have been developed
for decades, and technological progress in the field of
electronics results in solutions in the form of various
configurations of these mechatronic devices. It was digital
solutions and the development of algorithms that enabled the
implementation of complex dynamics control systems of
machines using active magnetic levitation [2, 5, 6, 11, 13, 22,
23, 24, 26]). It should be remembered that in the first phase of
research on magnetic levitation systems, they were controlled
by means of analogue solutions [13], [15]. Reviewing various
architectures of electromagnetic driver control systems [3, 9,
10, 13, 20] and other ALM systems [1, 4, 7, 12, 14, 21]), and
referring to the works presented at conferences and symposia
(including ISMB - International Symposium on Magnetic
Bearings since 1988), three basic configurations can be
distinguished:

* signal processors - DSP (Digital Signal Processor) used as
autonomous or compact controllers manufactured by
dSPACE,

* microcontrollers and general-purpose computer systems
with integrated control and measurement cards,

* FPGA (Field Programmable Gate Arrays) systems used
alone or cooperating with the above-mentioned
architectures.

Depending on the equipment used, performance due to
real-time control varies. In the literature one can find solutions
using the dSPACE platform to control magnetic bearings with
a sampling rate of 20 + 40 kHz, microprocessor systems
within 1 + 2 kHz, signal processors of about 17.5 kHz and
FPGA circuits of about 28 kHz.

II. PROGRAMMABLE AUTOMATION CONTROLLER

With respect to the high requirements set by the active
magnetic levitation systems the developed platform was
designed in such a way that it is possible to use it for
monitoring and control applications of various devices and
technological processes. The signal and data buses allow for a
free transfer of analog and digital signals between particular
modules. The signals are processed by programmable analog
and digital devices as well [16, 17].
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Figure 2. PAC Architecture.

The PAC architecture is similar to the digital multicore and
multi processor computer. Modules are equipped with



individual processing units for dedicated tasks. The internal
digital communication protocols and analog signal exchange
allows to configure the functionality of the pAC on demand.
A few PACs can be connected by the I/O modules
exchanging analog signals in both directions, therefore they
can be configured in a stack-able form to extend the
functionality and peripherals.

III. HARDWARE TESTING

From the practical applications point of view, the signal
processing path characteristics is requested to be known. The
laboratory test-rig was set-up using the following devices:
signal generator (RIGOL DG4062), oscilloscope (RIGOL
DS1054Z) and programmable load (RIGOL DL3031A).

This elaboration evaluates the performance of I/O and
analog power module with respect to the sine, ramp, and
square wave type input signals. The input signal frequencies
were set as follows: 100Hz, 500Hz, 1kHz, SkHz, 10kHz,
20kHz, 40kHz. The goal of planned research is to check the
operation of commercial power amplifier.

The time diagrams are presented to show the response of
the analog power module. Gain, offset, phase shift and signal
distortions are well visible. The conducted research has shown
static and dynamic properties of the device. Zaobserwowane
znieksztalcenia uniemozliwiaja opracowanie charakterystyk
Bodego. Dlatego tez analiza sprowadza si¢ do ogdlnej oceny
sygnatow.

IV. IDENTIFICATION WITHOUT LOAD

The presented test results include analysis of voltage
signals whose sources are: signal generator and output from
the PAC controller's analog power system. The signal from the
generator was applied to the analog input of the controller and
then sent directly to the power module input. The full signal
processing path is tested. Input and output voltages are
analyzed.
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Figure 3. Schematic diagram of connections for Investigation of PAC.

In the open control loop system, good operation of the
device up to 10kHz is observed (see Figs. 4+6). Above this
frequency, distortions are visible. This is related to the
insufficient feedback configured at the power amplifier. In
further work, it is necessary to modify the hardware layer to
expand the bandwidth. Due to the occurring oscillations in the
case of a rectangular signal, one can consider the new
configuration of the power stage to obtain an aperiodic
response with a configurable time constant. One can consider
the option of implementing the current feedback in the power
driver.
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Figure 4. Measured power driver output without load with response to sine
wve input in a range of 100Hz to 40kHz.at
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Figure 5. Measured power driver output without load with response to ramp

wave input in a range of 100Hz to 40kHz.at
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Figure 6. Measured power driver output without load with response to

square wave input in a range of 100Hz to 40kHz.at



V. IDENTIFICATION WITH DS3031A LOAD

The next stage of the research included the use of a regulated
load to diagnose the controller's operation at a load set to
1.7Q. The voltage at the output of the controller's power
system was measured. It should be emphasized that due to the
load limitation of DL3031A only the unipolar signal was
tested. The photo of the test bench is shown in Figure 7, and
the connection diagram in Figure 8.
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Figure 10. Measured power driver output with load with response to ramp

wave input in a range of 100Hz to 40kHz.
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The use of electronic load has allowed to study the
characteristics at a resistive load (Figs. 9+11). They confirmed
good device performance up to 10kHz, although artifacts
related to load coexistence were observed. The study showed
changes in amplitude and phase shift.

VI. IDENTIFICATION WITH AMB

In the next study, a magnetic bearing with 4 actuators (Fig.
13) was used and the tests were repeated as in the open
system. This time, the bipolar character of the power amplifier
operation was used. The wiring diagram is shown in Figure
12.
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Figure 12. Schematic diagram of the PAC
connected to power module.

investigation with AMB

Figure 13. Active Magnetic Bearing at test-bench.

The results (Figs. 14+16) obtained with the magnetic
bearing confirm the good cooperation of the controller with an
inductive element. It should be emphasized that in the whole
frequency band there are no visible distortions in the case of a
sinusoidal signal. It can be concluded that the test results for
triangular and rectangular signals are satisfactory even up to
20kHz. On the basis of tests using a sinusoidal signal, the
Bode characteristics were elaborated, which are illustrated in
the examined frequency range in Figure 17. In the case of
higher frequencies, the feedback of the power amplifier is
insufficient and it will be necessary to modify the power
system.
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Figure 14. Measured power driver output with AMB load with response to
sine wve input in a range of 100Hz to 40kHz.
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Figure 15. Measured power driver output with AMB load with response to

ramp wave input in a range of 100Hz to 40kHz.

square wave input in a range of 100Hz to 40kHz.

Figure 16. Measured power driver output with AMB load with response to
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measured range obtained from experimental investigation of PAC with AMB
load.

VII. IDENTIFICATION WITH AMB AND CURRENT
FEEDBACK

The last test was carried out using the internal feedback
loop implemented in the PAC [18]. Its task was to regulate the
current flowing through the power module with load. The
wiring diagram is shown in Figure 18. It should be
emphasized that from the point of view of the controller, the
input signal generated by the signal generator becomes the set-
point of the current. The internal regulator controls the power
module in a proportional manner to obtain the desired current
value at the load. This test was carried out using a magnetic
bearing, because the application of load DL3031 disrupted the
regulator due to its bipolar control action. When analyzing the
test results, particular attention should be paid to the
interpretation of signals: the input signal is the voltage
corresponding to the current intensity set point, and the output
signal is the voltage measured at the terminals of the
electromagnetic actuator winding - analogically to previous
tests.
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Figure 18. Schematic diagram of the PAC investigation with AMB
connected to power module with internal current controller.

The regulator's operation is visible (see Figs. 19+21).
Unfortunately, the measurement of the coil supply voltage
makes it difficult to analyze the results, however, it can be
seen that the controller minimizes the error. It can be seen that
the regulator minimizes the phase shift in the range up to
10kHz. Proportional feedback implemented every 1.5625us
improves operation, while the use of a different controller with
a highly complex structure will be required.
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Figure 20. Measured power driver output with embedded controller under
AMB load with response to ramp wave input in a range of 100Hz to 40kHz.
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Figure 21. Measured power driver output with embedded controller under
AMB load with response to square wave input in a range of 100Hz to 40kHz.
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VIII. CONCLUSIONS

The presented results illustrate the operation of the controller's
power system. They are particularly valuable, as technical
documentation rarely presents time characteristics. The tests
showed how the controller works with selected loads. The
power system works correctly at the control values set.
However, in the case of dynamic changes, its operation
depends on the amplitude, load and type of control. Further
research work should include broadening the bandwidth by
modernizing the feedback loop in the analog power stage.
Incorporation of the configured feedback has brought the
expected results, while it is reasonable to conduct further
research to expand the band width of the controller's power
system with the use of a current regulator.
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