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Abstract – The paper presents the hysteresis problem of high precision piezoelectric actuators 
used in an open loop control system. In order to observe the actuators behavior when a well-
defined input signal is applied, but also the negative influence of the appearance hysteresis in the 
form of minor loops and major loops, it was proposed to develop an automatic test and 
characterization setup. Acquisition systems and software packages from National Instruments as 
well as laboratory instrumentation were used. Finally, the paper deals with the results obtained 
from the tests from the perspective of the user interface but also the measured physical 
phenomenon.  
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1. Introduction  
 
Theoretically, any material capable of converting one 
type of signal into another type of signal, of the same 
or different physical nature, can be considered an 
active material, usable as an actuating or sensory 
material. Any material whose properties vary in 
relation to an external parameter can also be used as 
sensory material. In current applications there are 
many examples of materials that can be considered 
sensory or actuating materials [1-4]. In the 
realization of active composite materials, the 
optimum is represented using materials that can 
have both a sensory and an actuating role [5]. The 
current trend is to obtain active composites based on 
piezoelectric [6] or electrostrictive materials [7], 
magnetostrictive [8], shape memory alloys [9], 
chemically controlled polymer gels [10], 
electroreological liquids [11], optical fibers [12] and 
other intelligent materials. Among these mentioned 
materials, the most widespread at present are 
composite materials based on the piezoelectric 
phenomenon. The widespread use of piezoelectric 
ceramic materials, which are difficult to manufacture 
and process, has required a multilayer structure 
[13]. For lightweight structures, the current trend is 
to use polymers with a piezoelectric effect, the 
current example being materials called PVDF 
(polyvinylidene fluoride) [14]. These intelligent 
materials are based on the phenomenon of 
generating electric dipoles in certain anisotropic 
crystals when subjected to mechanical stress. In the 
same materials there is also a reverse piezoelectric 
effect which consists in the appearance of 
dimensional changes associated with mechanical 

stresses under the influence of an electric field [15]. 
Over time, the study of these piezoelectric actuators 
has aroused great interest among researchers, 
because there are many applications of these 
materials in various important fields. Mohith et al 
[16] presents the use of these actuators in 
applications where high precision is required, but 
also analyses the perspectives for further 
development of actuators based on piezoelectric 
effect. Wang et al [17] discuss piezoelectric actuators 
that are used in applications that require large 
working strokes and characterize five main modes of 
use of piezoelectric materials in terms of operating 
principle: monolayer, multilayer or stack type, 
amplified actuating devices, stepping and 
ultrasonically actuated. Sabarianand et al [18] 
investigated various solutions to compensate for 
some important problems (hysteresis, creep), which 
may occur in the operation of piezoelectric actuators 
and thus may significantly affect the efficiency and 
characteristics of the systems in which they are used. 
The study of the characteristics and finding the 
solutions for the improvement of piezoelectric 
actuators is very important, because these actuating 
devices are used in applications of great importance. 
Among the main emerging uses in recent years are 
piezoelectric pumps with applications in medicine 
and engineering [19], nano positioning systems [20], 
MEMS and MOEMS systems [21, 22], applications 
with harsh operation conditions [23] or regenerative 
medicine [24].  

Given the above, in this paper the authors will 
develop an experimental stand for raising the 
characteristics of multilayer piezoelectric actuators. 
The paper studies the behavior of a piezoelectric 
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stack type actuator when applying an electrical 
voltage. The presence of hysteresis curves over time 
and the presentation of the resulting major and 
minor loops will be monitored. The specifications of 
the experimental stand and its constituent elements, 
as well as the main characteristics of the 
piezoelectric actuator used is detailed in Chapter 2. 

 

2. Materials and Methods 
 

Figure 1 shows the operating principle of the stand 
developed for the experimental research for this 
paper. It consists of the following main elements: PC, 
multifunction I/O device, piezoelectric actuator and 
piezoelectric driver-amplifier, inductive 
displacement transducer and universal measuring 
instrument with digital display.  

Multifunction I/O device NI-USB 6218 was used 
for data acquisition. This device can process high 
performance multifunctional data (DAQ) for USB and 
is optimized for superior accuracy at fast sampling 
frequencies. It features a structured or fast-designed 
NI-PGIA 2 amplifier with designed or fast 
stabilization times at high scan frequencies, ensuring 
16-bit accuracy even when measuring all available 
channels at full speed. All these devices have at least 
16 analog inputs, 24 digital I/O lines, seven 
programmable input intervals, analog and digital 
trigger, and two counters / timers [25].  
 

 
Figure 1: Schematics of the experimental stand for 

testing piezoelectric actuators 
 

The P842.20 piezoelectric actuator (Figure 2) 
was used for testing purposes. These types of 
actuators find applications in the field of 
nanotechnology, accurate positioning (static and 
dynamic) or laser adjustments. The major advantage 
of these devices is that they have protection against 
moisture and damage associated with increased 
leakage current due to ceramic insulation, resulting 
in a lifespan of more than 10 times than the classic 
polymer insulated actuators.  

 

The main technical features of the piezoelectric 
actuator used in experiments [26]: 

- Displacement range at 0 to 100 V: 30 μm with a 
tolerance in range of ±20% 

- Resolution: 0,3 nm (only amplifier noise and 
measurement method can affect this 
parameter) 

- Operation temperature: from -40°C to 80°C 
- Push/pull force: max. 800N/300N 
- Length: 55 mm 
- Mass: 42 g 
- Electrical capacitance: 3 μF with a tolerance of ± 

20% 
- Unloaded resonant frequency: 14 kHz with a 

tolerance of ±20% 
 

 

Figure 2: Testing of piezoelectric actuator 
 

The E-660 piezo driver with the following 
features was used for amplification [26]: input 
voltage – 0-11 V, output voltage – 5-110 V, max 
output power – 2 W, average output power – 1 W, 
average current – 20 mA, voltage gain 10±0,1, input 
impedance – 100 kΩ, operating temperature – 5-
50°C. The Mahr P200M inductive model was used as 
the displacement transducer [27].  

 

3. Simulation Program 
 

The LabVIEW program was used as a simulation 
software [25]. The DAQmx Create Virtual Channel 
block allows the selection of two analog input 
channels (ai6, ai22), which can receive values 
between -10 and 10V.  

The DAQmx Timing block configures the number 
of samples, and the number of samples and the 
frequency of acquisition can be selected in the 
control panel. These blocks are part of the 
initialization part, shown in Figure 3. 
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Figure 3: Initialization part of the program 

 
The next step is to use a DAQmx Virtual Channel 
block to select an analog output channel (ao1) with 
values between 0 and 10V. This step is the 
configuration part and is shown in Figure 4a. 
 

 
a 

 
 

b 

Figure 4: a – Confjguration part of the program; b – 
Signal generation 

 

To generate a 0V signal applied to the actuator, 
the DAQmx Write block is used, which does this at 
the start of the application, only once, shown in 
figure 4b. 

The inductive transducer cannot always be 
manually set to position 0, so when starting the 
application, a reading of the already existing signal 
on the two input channels is performed and each 
reading is mediated separately, obtaining a reference 
value (Figure 5), which will be used in the WHILE 
loop.  

 

 
Figure 5: Obtaining a reference value 

 

 
Figure 6: WHILE and CASE loops 

 
If the STOP button is not pressed, the WHILE loop 

runs. Within this loop there is a CASE type structure, 
which, if the current control voltage is the same as 
the previous one, does not generate or read any 
signal. If the current control voltage differs from the 
previous one, the voltage value will be written to the 
output channel, then wait 10ms. After 10ms the data 
is acquired from the two input channels, each signal 
is mediated, and the value of the reference voltage is 
subtracted from the value obtained (Figure 6).  

This dataset is displayed on an XY chart.  
To resume measurements, the program allows 

the values to be reset. When the STOP button is 

pressed, the WHILE loop closes, a voltage signal 0 is 

sent to the actuator, and then the acquisition and 

generation channels are closed, respectively.  

After that, a .csv file is created in which the 

acquisitioned data is saved and processed in a 

spreadsheet program (Figure 7). 



Experimental Setup for Static Characterization of Stack-type Piezoelectric Actuators  

 

 

International Journal of Mechatronics and Applied Mechanics, 2022, Issue 11 134 

 
Figure 7: Closing channels and saving data 

 
Another application is used to automatically test 

the behavior of piezoelectric actuators. In the second 

application, only the major loops of the hysteresis 

effect of the piezoelectric actuators are highlighted, 

as well as the stabilization of the loop after several 

loading/unloading cycles.  

Regarding the programming, the modification 

takes place on the definition of the process 

parameters (number of cycles and the maximum 

applied voltage) but also of the center loop, where it 

will be used repetitive for-type structure, with a 

number of steps (complete loading-unloading cycle) 

imposed by the user. 

 

 
Figure 8: Generating the number of cycles for actuator 

testing 
 

The FOR loop shown in Figure 9 runs a certain 

number of times, set at the test beginning. 

Using this program, it is possible to determine the 

global characteristic of the actuator, respectively the 

behavior under the action of a ramp-type voltage 

signal when charging and discharging completely 

under voltage.  

 

 
Figure 9: FOR loop for testing piezoelectric actuator 

 
Together with the help of the differential 

transducer, the graphs presented below are made. 
 

4. Conclusions 
 
The interface of the first application for determining 

the minor and major loops is shown in the following 

figure. On the left side of the interface are the 

declaration of the acquisition parameters, the 

declaration of the access path and the file name for 

saving the data, the buttons for stopping and 

deleting the graph and the measured parameters. 

The use of the program allows to highlight the 

hysteresis and the major loops (which appear during 

the continuous run, without oscillations of values) of 

a cycle between the minimum and maximum 

electrical voltages) but also the minor loops that 

appear when there is a change in the direction of 

travel, respectively a change in the direction of the 

voltage ramp. It is observed how the minor loops 

disappear and the information about them is 

"forgotten" when the voltage returns to the value 

corresponding to the beginning of a minor loop.  

Therefore, the system returns and operates on 

the main hysteresis loop from which it came out in 

the minor loop. These results confirmed the 

applicability of the Preisach model for this type of 

actuator and generated the data needed to create a 

software model associated with the actuator. This 

software model is the basis of an open loop control 

of the actuator by the feed-forward technique, to 

eliminate the effect of hysteresis and nonlinearities 

and implicitly to improve the positioning accuracy. 
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The second application allowed to highlight the 
change of hysteresis over time, by repeatedly going 
through the major loops.  

The application interface for raising the overall 
hysteresis characteristic is shown in Figure 11. On 
the left side of the interface are found the acquisition 
parameters, the declaration of the access path and 
the file name for saving the data and the current 
values for testing parameters (applied voltage, actual 
displacement, the increment, and the actual number 
of cycle). 

The additional ordering of the crystalline 
structure of the material, which appears under the 
effect of the external tension, leads to a modification 
of the hysteresis curves at the first passages of the 
major loops. This preliminary "ordering" is lost in 
time if the actuator is not used and involves cycles of 
"reordering" before use. 

It is essential that these cycles have a short 
duration so that many loading-unloading cycles are 
not required. In this case the actuator stabilized at 
the limit of an error of 5% after a number of 10 
cycles. 
 

 
Figure 10: Minor and major hysteresis loops 

 
 

Figure 11: Global hysteresis loops  
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