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ABSTRACT

The space and weight limitation in air systems has always created the need to improve characteristics such as
dimensions, weight, accuracy;, and ‘safety in the equipment used in these systems. This research uses the
advantages of piezoelectric actuators, such as miniaturization, self-locking, working in harsh conditions, high
safety, etc., to propose their use‘as actuators in combustion gas transmission equipment. A traveling-wave rotary
piezoelectric actuator was selected, and a‘gas valve was installed in it. In the numerical section, the actuator was
analyzed by the finite element, andfrequency sensitivity analysis was performed. Then a prototype made in the
optimal state. In the experimental section,-the prototype parameters were evaluated and validated with the
numerical results. In the results section, the efficiency of the piezoelectric actuator as a separate actuator was
proven by measuring the output speed and torque. By comparing the geometrical parameters, it was shown that
the combustion gas transmission was able to reduce 28%;57%, and 50% in diameter, volume, and weight,
respectively. By conducting environmental tests, it was found that this equipment can prevent changes in the gas
valve status in harsh environmental conditions caused by.vibrations and temperature changes and provide a
high safety factor.
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1. Introduction

If all types of piezoelectric actuators are considered,
we can count many different and diverse types in
different fields such as robotics, medicine, optics,
military,‘etc. In this regard, we can refer to the research
of Lino et al. [1]. They designed a rotary micro-actuator
for use in a wristwatch that could provide rotary
movement'with'a.small signal in a simple structure with
mass production capabilities. Lu et al. [2] used a rotary
actuator for a space, application that required high
reliability. Jurins<et al. [3] also used piezoelectric
actuators to create.a multi-degree-of-freedom rotational
movement in the lens of .small satellites. Li et al. [4]
also designeda rotary micro-actuator for use in an
endoscopic camera: It ‘can_be seen that the field of
actuator design with a new structurg,is one of the areas
of interest in piezoelectric actuators. Conventional
actuators currently used in combustion gas transmission
equipment are not capable of miniaturization and
lightening for use in special applications and more
compact spaces. Therefore, “the present” research
proposes and builds a traveling <wave rotary
piezoelectric actuator for combustion®gas transmission
equipment for the first time.

2. Structure and principles

Combustion gas transfer equipment is a _safety
mechanism that prevents unwanted and accidental
transfer of combustion gas. In the first step, the
combustion gas transmission equipment was designed.
The initial design is shown in Figure 1.
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Figure 1. Actuator Structure

If signals with temporal and spatial phase differences
are applied to four groups of piezoelectric elements,
bending modes can be created and stator elements can
be moved elliptically. The equation of the motion path
of the points on the stator surface is an elliptic curve
which is given in equation (1) [5].
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3. Results and Discussion

Finite element simulation has been used to obtain modal
analysis and harmonic responses. The materials used in
the stator body are aluminum 6062 and type PZT-5h
piezoelectric ceramics. Based on the Bgs mode, the
number and arrangement of piezoelectric elements have
been considered. Finally, after completing all the steps
and Performing frequency sensitivity analysis, the
values of 27.62 kHz were obtained for functional mode.
Then time-dependent analysis was used to obtain the
traveling wave, the result of which is shown in Figure 2.
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Figure 2. Elliptical path of a point located on the stator

After the completion of the simulation process, the
stator is made and the piezoelectric elements are
assembled on the stator as shown in Figure 3.

Figure 3. Stator and wiring

To verify the results, the resonance frequency of the
stator has been imeasured by an impedance analyzer
(hp4194A), the'results'of which are shown in Figure 4.

Figure 4. The result of the impedance analyzer

According to the frequency obtained from the numerical
simulation and experimental test, the difference in_the
obtained results indicates an error of about 5.2%: The
amount of error can be caused by neglecting “the
thickness of the adhesive layer, stator wiring, and
manufacturing and assembly errors. To measure



rotational speed, a tachometer device (Lutron DT-2268)
and to measure torque, weight, and pulley were used.
The measured results are shown in Figure 5.

40

25407 256 8838 26 26.2 264 266 268

262 264

efiey(k

Figure 5. (a) Frequency-speed and\(b) frequency- torque

The maximum value of both graphs was obtained in the
desired resonance frequency range, i.e., 26.235 kHz. By
measuring the geometric characteristics, it was also
observed that the total weight of the actuator is equal to
35 grams and its volume dimensions are equal to 98125
m3, which is a 28% reduction in dimensions compared
to the existing sample. Diametrically, a 57% reduction
in overall volume and a 50% reduction in weight have
been created. Vibration tests and high-temperature and
low-temperature tests were defined to check the
reliability and safety of the operation. In the vibration
test, it was checked whether the environmental
vibrations would lead to a change in the state of the
rotor. The obtained results showed that due to the
existence of the preload mechanism, there will be
assurance that there will be no change in the status of
the rotor. In the high-temperature and low-temperature
tests, first, the actuator set was placed in the test
chamber, and temperature cycles were applied to it the
results are shown in Figure 6.

Figure 6. (a) High-temperature and (b) Low-temperature

The functional changes in the high-temperature test
(31% reduction) are less than the low-temperature test
(15% reduction). But in general, it can be said that
temperature changes have little effect on the actuator's
performance.

4. Conclusions

The resonance frequency was obtained from the
numerical solution and experimental test as 27.62 kHz
and 26.235 kHz, respectively, and had an error of about
5.2%. Measurements of the mechanical characteristics
of speed and torque showed that this actuator has all the
capabilities of a rotary actuator or motor and can be
used in other similar applications. The total weight of
the combustion gas transmission equipment is equal to
35 gr and its volumetric dimensions are equal to 98125
m3. By comparing the weight and dimensions of the
existing sample and the manufactured sample,
respectively, a reduction of 28% in dimensions, a 57%
decrease.in the total volume, and a 50% decrease in the
weight of the actuator were observed. this issue shows
the, achievement of the goal of the research, i.e.,
miniaturization and simplification of the equipment.
Also, bysconducting functional and environmental tests,
the <efficiency and ability to work in harsh
environmental .conditions were checked and its high
safety was/also proven.
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Fig. 3. An example of validation of the solution method (a) The result of the article [29] (b) The result of the
simulation
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Fig. 4. Arrangement of piezoelectric segments and their connection type
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Fig. 5. The name of the geometric parameters
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Table1. The name of.the geometric parameters and the range of changes
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Fig. 6. Primary modal analysis of stator before frequency sensitivity analysis
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Fig. 7. Frequency sensitivity analysis graphs
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Fig. 8. Comprehensive diagram of frequency sensitivity analysis
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Fig. 9. Stator frequency sweep diagram and created stress and deformation
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AR



2y Ol -0

wlo 3 Jolhe )0 0sd iy Joe ol p g 580 (5, ble wil 3 5l ool b il (giloand Jolye plosl 51 e
el 00 o0l ul...u R JS...: JEEEW aslw )ﬂo.c 9 )5.1L..M.»|

ou plxil gy of jod ds ool Al eiliwl 9 JRKlos 1)) K&
Fig. 11. The actuator and stator are made along with the wiring
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Fig. 14. Measurement equipment output characteristics and equipment block diagram
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Miniaturization of combustion gas transmission
equipment using traveling wave rotary piezoelectric
actuator with the approach of improving safety and

functional characteristics

Ebrahim Abolghasemi?, Ahmad Reza Khoogar®', Mehrdad Khandani?

& Malek Ashtar University/ Department of Mechanic

ABSTRACT
The space and weight limitation'in air'systems has always created the need to improve characteristics such as

dimensions, weight, accuracy, and safety<n the equipment used in these systems. This research uses the
advantages of piezoelectric actuators,.such as miniaturization, self-locking, working in harsh conditions, high
safety, etc., to propose their use as actuators in combustion gas transmission equipment. A traveling-wave rotary
piezoelectric actuator was selected, and a‘gas valve was installed in it. In the numerical section, the actuator was
analyzed by the finite element, and frequency sensitivity analysis was performed. Then a prototype made in the
optimal state. In the experimental section, the prototype parameters were evaluated and validated with the
numerical results. In the results section, the efficieney“of the piezoelectric actuator as a separate actuator was
proven by measuring the output speed and torque. By ecomparing.the geometrical parameters, it was shown that
the combustion gas transmission was able to reduce 28%, 57%; and 50% in diameter, volume, and weight,
respectively. By conducting environmental tests, it was found that this.equipment can prevent changes in the gas
valve status in harsh environmental conditions caused by vibrations and temperature changes and provide a
high safety factor.

KEYWORDS
Piezoelectric actuator, gas transmission equipment, miniaturization, Weight Loss, safety
improvement
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