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Abstract: The current paper proposes an enhanced 4 DOF measurement platform designed to
automatically determine the static and dynamic characteristics of electromagnetic and piezo
actuators. High precision motor or laser instruments can be attached on the given platform,
providing a high level of versatility for multiple applications. Further, the constructive and design
parameters of the platform will be discussed in detail with some applications proposed. A control
algorithm and a demo LabVIEW program is proposed as well based on the given application,

analysing an electromagnet actuator.
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1. Introduction

As every design requires some measurements to
be performed, during the process and at the end, for
product validation, high reliability measurement
platforms are a key element in the designing process
[1], [2], [3]- Moreover, if the platform is designed to
be modular [4], it can be easily adapted to different
type of measurements, giving it a higher level of
usability. Actuator’s measurements have high
importance in domains where customer safety is
first in the line such as medicine (surgery laser
devices [5]), automotive (braking system [6]) or
aviation [7].

In order to proceed with the design of the
platform, a clear overview of the actuators, systems
or components which are considered for
measurement is needed, as parameters like size, load
and control are highly dependent on application. The
platform’s design was developed considering the
need of measurements in the following fields:

o Characterization of piezoelectric actuators

o Characterization of electrodynamic actuators

o Characterization of electromagnetic actuators

e Characterization of custom designed
positioning subassemblies

The proper design and functioning of this type of
actuators depend on reliable measurements taken
with high precision equipment and powerful
software.

A review of the literature underlines the need of
actuators characterization, to optimize the designing,
manufacturing, and validation process [8], [9], [10].

2. Characterizations to be Considered

As mentioned since the introduction, the
experimental setup aims to be capable to perform
measurements and characterization for a wide range
of actuators and micro actuators, but also for
subassemblies used in positioning applications.

The measurements in question can be performed
both in static and dynamic setups, depending on the
needs, as well as depending on the availability of the
proper measurement tools and control elements.
Given the necessities, the types of possible actuator
characterizations are:

e Static measurements:
O Characterization of the rigidity of the
actuators or assemblies.
O  Static response at a given input signal
¢ Dynamic measurements:
O Mechanical impedance characterization
(mass, rigidity and dumping).
O Electrical impedance characterization
(resistance, inductance, and capacitance).

Those type of characterization are widely used in
design and manufacture of custom actuators, so a
proposal for an “all in one”, adaptive measurement
experimental setup is relevant to industry
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Static Characterization of Actuators

This type of characterization is relatively simple
to perform, given that it requires a voltage or current
control, depending on the type of actuator used and
a measurement of displacement or force. Depending
on the approach chosen for the control (voltage or
current) as well as the measured quantity, the
determinations for displacement and force,
respectively, can be made in several ways.

Displacement measurements can be done either
with an inductive or capacitive position transducer,
this being the classic and simplest method to
approach, or with a zero transducer. In the second
case, when using a zero transducer, a series of
motors capable of working on the axes of interest is
needed to bring the object to the “zero” position.
This method is much more accurate but the rigors of
implementation increase.

The determination of the force can also be done
in two ways, either in semi-blocking mode or in
blocking mode - the ideal case - where the force
transducer rigidity is considered to be infinite. In
this second case, the transducer is pushed into the
part or assembly to be measured with the help of
motors whose position can be controlled and
measured, and thus the maximum force that is
applied to the rigid is determined.

Dynamic Characterization of Actuators

Dynamic characterization usually implies the use
of a professional and properly calibrated signal
source and an amplifier to power the actuators. For
this type of characterization, a swept signal is
applied to the actuators in question, measuring its
response as long as it is powered. The output
parameter (displacement or acceleration) can be
determined either with a laser vibrometer or with a
classic contact accelerometer. Optionally, at the base
of the stand can be placed a vibration exciter on
which is placed the element whose determination is
desired to be made. In this case, two measuring
points are needed, one for the exciter's table
considered the reference position, and one located
on the actuator’s output.

3. Structural Design of the Platform

The platform is designed around two main
subassemblies. For easier identification of the two
subassemblies, they were named as follows:

e The fixed subassembly, needed to support the
second subassembly and to also provide one
vertical axis of movement.

e The mobile subassembly which can be
configured to have multiple DOF.

Figure 1 shows the two 3D designed
subassemblies. The fixed subassembly represents
besides the main support element also one of the
means by which the guidance for the mobile
subassembly is made. The latter can also be modified

and adapted according to needs, being possible to
add various elements necessary in making
measurements to characterize the actuators.
Moreover, the mobile subassembly can be composed
of several subassemblies, to further expand the
capabilities of the measuring stand.

Fixed subassembly

Figure 1: Fixed and mobile subassemblies of the
experimental setup

Further, the two subassemblies will be analyzed
each, with constructive explanations, and an
example of practical application developed in the
laboratory will also be provided.

Fixed subassembly

As can be seen in Figure 1, the fixed subassembly
is the basic element of the proposed experimental
setup, which is designed to be able to accommodate
the mobile subassembly, and also to be able to adapt
in various situations of use, having different points
where screws or bolts can be inserted.

It was designed from 3 distinct pieces, as follows:

- A metallic support that is used to stiffen the
assembly and to allow it to be attached to
various surfaces.
A vertical guide where the mobile subassembly
is mounted and which, in addition to the
supporting role of the mobile subassembly, can
also be used as a vertical translation axis.
Two vertical guide supports to provide extra
stiffness and good support of the guide and the
mobile subassembly.
Mobile subassembly

The mobile subassembly can be seen in Figure 1
also. Considering its constructive characteristics, it
was designed to be able to adapt and accommodate
to different measurement devices and methods
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relevant for the application in question such as high
precision X-Y-Z platforms that can be electrically
actuated or manually actuated. To preserve the
parallelism from the lower platform or from the
actuator under test, an orientation platform (pitch,
yaw, roll) can be added.

4. Mechanical Adaptation of the
Proposed Experimental Setup for the
Characterization of Electromagnetic
Actuators

As mentioned from the previous chapters, the main
feature of the experimental setup in question is the
flexibility and ease with which it can be adapted to
perform measurements and characterization of
specific actuators.

The current example deals with the adaptation of
the experimental setup for the characterization of
the electromagnetic actuators, and also with the
additional elements needed for this characterization.
Moreover, the control mode and measurement steps
needed for the characterization will be studied.

The main goal is to move the electromagnetic
actuator over a permanent magnet, with known
structural parameters, to raise the current, force and
displacement characteristic.

To achieve the proposed goal, from a structural
and functional point of view, the experimental stand
was adapted according to Figure 2.

Figure 2: Adaptation of the experimental setup for the
characterization of electromagnetic actuators - top
view

The top view of the platform highlights the
additional movable table connected to the fixed
platform, as a support element for the force
transducer was needed. To be able to measure the

electromagnetic interaction force between the
electromagnet and the permanent magnet, on the
movable platform was placed a 100g load cell with
resistive stain gauges, that holds the permanent
magnet and its support. Figure 3 presents a closeup
of the additional designed table.

Permanent magnet
and its support

/ 100g Load cell

=
Figure 3: Custom designed table and support for the
permanent magnet and load cell

Regarding the mobile subassembly, a series of
clamping, guiding and control elements have been
added, necessary to be able to hold and move the
electromagnet over the permanent magnet.

Because the actuator can be used in 3DOF
medical laser platforms [11] where the movable part
contains the permanent magnets, this approach was
preferred. Therefore, to ensure a very high precision
measurement with respect to real life application,
the proposed measurement platform must measure
the force applied on the permanent magnet side as a
function of the current through the electromagnet
and the distance between it and the magnet.

Precision
motors

X-Y-Z high
precision guide
assembly

Custom
designed clamp

Figure 4: Adaptation of the mobile subassembly by
adding multiple elements of clamping, guiding and
control
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Figure 3 presents the main items added to the
mobile subassembly are:
- 3 M-105 microtranslation stages connected
in a XYZ configuration
- High precision DC linear motors M-231.17
connected to the platforms
- 3D printed custom designed PLA clamp
The 3 axes with micrometric precision can be
controlled both manually or using M-231.17 High
resolution linear motors when the application
requests a digitally controlled positioning or closed
loop control elements are involved within the design.
The 3D printed clamp has the role to grip the
electromagnetic actuator and its wire, and it is used
as an electromagnetic barrier between the
electromagnetic field produced by the actuator (or
the magnet) and the other ferromagnetic
components.

5. Control Algorithm and LabVIEW
Program for the Electromagnet
Characterization

To control the displacement of the micro translation
stages, respectively the displacement of the
electromagnet over the permanent magnet, to
receive data from the force transducer and to control
the electrical current through the actuator, a myRIO
1900 controller was added to the platform. The
connection and control diagram of the proposed
platform is presented in Figure 5.
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Figure 5: Hardware connection schematics
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As can be seen in Figure 5, the NI myRIO 1900
development board has been connected to a PC
(main processor) via a USB port. This board will take
care of the local control of the M-231.17 DC motors,
via the I/0 control interface C-809.40 wich delivers
the required power for the motors. For each motor,
the myRIO 1900 board monitors the stroke limit
switches (Low and High), reads the signal from the
quadrature encoder (the feedback signal used for the
close loop) and generates a voltage control signal in
the range (-10, 10V) depending on a reference
position entered by the user from the PC keyboard.

Moreover, NI myRIO 1900 development board takes
care of the date acquisition from the resistive force
transducer, connected to a 24-Bit Analog-to-Digital
Converter (ADC) for Weigh Scales, HX711. To be able
to communicate with the digital interface of the
HX711, the FPGA module integrated in myRIO was
used, in order to be able to respect the timing of the
data signal according to the protocol described in the
technical data sheet.

The second USB connection establish the
communication between the main core LabVIEW
program and the R&S HMC8043 3-channel power
supply that can deliver up to 100W.

Main Labview . Processor (LabVIEW RT) _»| #Chanel Servo
Aplication Local Labview aplication Amplifier

PC

FPGA
uss Labview aplication ol HX711

NI Myrio 1900

PowerSupply ~ [€:--------» Actualor

Figure 6: VIs communication between processors
diagram

The proposed application uses multiple protocols
and processors (Figure 6); therefore, the hole
LabVIEW application was divided in multiples VI
programs:

- Main LabVIEW program that runs on the PC
processor and takes care of the power supply
control and manipulates input data from the
user interface

- Local LabVIEW program that runs on the
myRIO processor, Xilinx Zynq-7010, and takes
care of the positioning close loop of the DC
motors, process the data received from FPGA
module, and communicates with the PC over
the UART protocol.

- FPGA LabVIEW application that runs on the
FPGA module and takes care of the raw data
received from HX711 Analog-to-Digital
Converter and send it to the myRIO processor

This configuration was preferred to reduce the
computational power over the myRIO processor, and
to be able to perform real time measurements.

The main LabVIEW program holds the user
interface where all the parameters cand be
configured (figure 7). Moreover, the program
interface let the user to set the speed of the motors,
the absolute position, the power signal sent to the
actuator (in this case the total current through the
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coil) and shows the processed and raw data from the
force transducer. After the test, the main program
saves automatically all the data in name.cvs file and
disk location indicated by the user at the beginning
of the run.
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Figure 7: Main program user interface

The implementation of the proposed platform is
presented in Figure 8, connected to an
electromagnetic actuator for testing,

i

fH

Figure 8: 4DOF measuring platform

6. Conclusions

A 4 DOF measurement platform was presented in
this paper, designed to automatically determine the
current-force-displacement of an electromagnetic
actuator. The mechanical structure and its flexibility
for developing other actuator testing platforms was
explained along with the main application structure
and its user interface.

Further research will focus on multiple types of
testing using a laser vibrometer and a shaking table.
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