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ABSTRACT 

The piezoelectric ceramics, polymers, and fibre optics that make up the typical smart structure sensors used in 

discrete or scattered places to assess system performance are referred to together as piezo. “The application of 

an adequate counterforce to a structure, which is out of phase with regard to the force that is equal to but 

originally causing the structure to vibrate, is the approach known as active vibration control. This method is 

used to regulate the vibrations that a structure produces. This technique is known as "active vibration control". 

As a direct result of these two opposing pressures balancing each other, the vibration of the structure ceases. 

Piezoelectric and Piezoelectric Sensors and actuators can be made of ceramic materials”. A lathe is a device 

that can perform a wide variety of jobs, offering great assistance and adaptability in the workshop. Drilling, a 

type of machining operation, can drill a full hole in the part. The drill busbar, which is longer than it is wide, is 

one of the defining features of this type of busbar. A cutting tool is attached to the end of the drill rod that is not 

attached to a tool holder or chuck. 

Keywords: polymers, Piezoelectric Sensors 

INTRODUCTION 

Several academics have been motivated to begin working on intelligent buildings as a result of recent 

advancements in piezoelectric materials. The ability to detect disturbances coming from the outside 

environment and then reacting to those disturbances with active real-time control in order to fulfill the 

requirements of the mission is one approach to recognize an intelligent structure. Smart textiles are made up of 

widely dispersed active devices that have embedded processor networks.  

These materials are used to assess the performance of the system in discrete or scattered areas. Nonetheless, 

piezoelectric sensors made of PZT are the most sought after pair of piezoelectric materials because of their 

relatively inexpensive cost, strong responsiveness to an applied electric field across a broad frequency range, 

and virtually linear response to a voltage that is applied (PZT, lead zirconate titanate). sensors and actuators in 

their proper positions. Piezoelectric materials are referred to by the name lead zirconate titanate. 

As a result, the insertion of PZT patches into structures for the goal of active vibration control is one of the areas 

that we tackle in a significant portion of our research. Some examples of such structures include smart plates 

and smart beams. The application of the finite element approach has shown itself to be particularly beneficial 

due to the large number of design parameters of piezoelectric patches. After the parametric design parts of the 
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method have been enabled, it will be possible to get knowledge regarding the impacts of piezoelectric patch 

position and size on the responses of smart beams. It was discovered that the reaction of the smart beam 

improved better as the patches got bigger and as they moved closer to the fixed tip. This is accompanied by a 

rise in the degree to which the reaction is taking place. 

“It is possible that the selection of sensors and actuators will take on a very varied appearance depending on the 

characteristics of the smart structures that are utilized and the conditions that are anticipated to be present when 

the system is running”. 

Actuators such as “piezoelectric ceramics, piezoelectric polymers (PVDF), electrostrictive (ES) and strong 

magnetic (MS) materials, electrorheological (ER) and magnetorheological (MR) fluids, piezoelectric fibre 

applications, and electrostrictive (ES) and strong magnetic (MS) materials are utilized in the development of 

smart material technologies. Piezoelectric ceramics, polymers, and fiber optics are the typical materials used in 

the construction of smart structure sensors”. These materials are used to assess the performance of the system 

in discrete or scattered areas. Nonetheless, piezoelectric sensors made of PZT are the most sought after pair of 

piezoelectric materials because of their relatively inexpensive cost, strong responsiveness to an applied electric 

field across a broad frequency range, and virtually linear response to a voltage that is applied (PZT, lead 

zirconate titanate). . 

In the study conducted by KB Waghulde (2011), piezoelectric material served as an example of a smart material, 

while the console was considered to be an example of a smart structure. Over the course of the examination of 

the model, a variety of perspectives were taken into consideration. ANSYS and MATLAB were utilized in order 

to complete the necessary calculations for the modal analysis in this specific scenario. Gluhihs, S. Using 

piezoelectric actuators, and Kovalovs (2006) offer a way to dampen vibration in a helicopter wing when it is 

subjected to a fluctuating harmonic pressure load. The vibration is caused by the load. A piece of metal cut to 

the same dimensions served as the blade for the miniature helicopter. 

A decrease in the amplitude of the resonant frequency range is brought about by the placement of piezoelectric 

actuators on the surface of the board. In order to get the necessary results, the ANSYS finite element code was 

utilized. Choi, Park, and Fukuda (1998) saw the active control of intelligent hybrid structures that were shaken 

in a predetermined manner. Throughout the course of the study, the possibility of hybrid smart structures was 

investigated by looking at electrorheological fluid film/PZT actuators and shape memory alloy/piezoceramic 

actuators respectively. In this piece of art, J. The findings of an active control method for reducing vibration in 

a flexible steel cantilever by employing bonded piezoelectric actuators are presented in Fei (2008). When it 

came time to attach the PZT patches to the flexible steel cantilever close to the fixed end, surface seams were 

the method of choice. Learn how the dynamic model of the flexible steel cantilever is generated by reading this 

article. Active vibration control methods such as positive position feedback control (PPF) and strain rate 

feedback (SRF) control are now the focus of ongoing research. 

Definition of smart systems/structures 

The definition of the term "intelligent structures" was a hotly debated subject in the architectural community 

from the late 1970s to the late 1980s. In 1988, the United States Army Bureau of Research organised a special 

meeting with the goal of reaching a fundamental language agreement. "Reaching an Agreement on Fundamental 

Terms" was the meeting's topic. The four main qualities that are necessary for the creation of any intelligent 
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system or structure were defined as "sensors," "actuators," "control mechanism," and "quick response" at the 

conclusion of this lecture. These were listed as the four fundamental qualities that must be present in order for 

any clever system or framework to be established (Rogers, 1988). For the duration of this seminar, the following 

has been provided as the formal definition of intelligent systems and structures: (Ahmad, 1988). 

"A substance or system that can recognise a stimulus, respond to it in a preset manner and to a predetermined 

degree within a brief or reasonable amount of time, and then return to its initial state when the stimulus is 

removed." "A substance or system that can recognise a stimulus and respond to it in a preset manner and to a 

predetermined degree in a brief or acceptable period of time." A product or device with multiple integrated or 

The type of system or substance that holds the aforementioned qualities is referred to as "smart" in this sentence. 

An intelligent system is a device that, according to Vardan and Vardan (2000), is able to detect changes in its 

surroundings and display an appropriate reaction by altering material qualities, geometry, mechanical or 

electromagnetic response. In other words, an intelligent system can learn. To put it another way, an intelligent 

system is one that can adapt. It is imperative that the integration of sensor functions and actuator operations, in 

addition to the feedback associated with each, be carried out accurately. It is also essential to keep in mind that 

the system may become useless or even hazardous if the reaction time is too sluggish or too rapid (Takagi, 

1990). 

Smart materials 

The term "smart materials" refers to a newly emerging category of materials that go beyond the traditional 

"structural and functional" categories of materials; more specifically, the term "smart materials" refers to this 

newly emerging category of materials. These materials are able to operate in a way that is both intelligent and 

adaptable to a broad variety of different inputs from the outside world, such as stress or the environment. This 

enables them to function in a manner that is both intelligent and adaptable. Rogers et al. (1988) presented the 

definition of what is known as "smart materials" at a conference that was put on by the United States Army 

Research Office. The term "intelligent materials" refers to those types of substances that, in accordance with 

this definition, are capable of modifying their structural characteristics in a predetermined manner in reaction 

to the application of a predetermined stimulus. This definition was presented at a conference that was put on by 

the United States Army Research Office. It is possible that the stimulus could originate from any one of a wide 

variety of different sources, such as pressure, temperature, electric and magnetic forces, chemical processes, or 

even radiation from radioactive sources. This is because there is such a wide range of potential origins for the 

stimulus. A few examples of the many different sorts of physical qualities that come into play here include 

shape, hardness, viscosity, and damping.  

This "intelligence" is frequently programmed through the material composition, specific processing, 

introduction of flaws, or change of the microstructure in order to accommodate various sets of stimuli in ways 

that are directly under the control of the human. This "intelligence" is often referred to as "artificial intelligence" 

(AI). When talking about "intelligent materials," it is usual practice to use the terms "smart" and "intelligent" 

interchangeably. This "intelligence" is sometimes referred to as "artificial intelligence." According to Takagi 

(1990), "smart materials" are described as those that are able to adapt to changes in their surroundings in the 

most beneficial conditions and may exhibit their functions differently depending on the circumstances. This is 

also true when referring to "intelligent structures." The same holds true when referring to "intelligent structures." 

Smart materials are defined as those that are able to adapt to changes in their environment in the most 
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advantageous situations. It is possible to integrate the characteristics and functions of the material with those of 

the feedback functions that are already existing in the material by utilizing the material's inherent feedback 

functions. These functions are exploited to incorporate the inherent feedback functions that are present in the 

material. 

OBJECTIVES  

1. Investigate methods for the active control of plants. 

2. Investigations on the active control of vibration in elbow drill pipe 

The modeling of intelligent structures using simulation 

The approach of finite elements is used as a methodology in theoretical research that is related to modeling and 

building intelligent structures. This research may be thought of as an example. Since it provides a completely 

integrated thermomechanical-electrical evaluation of structures, this approach has shown to be an especially 

useful instrument for the investigation of piezoelectric materials. Also, the results that it has achieved have been 

pretty encouraging to say the least. The key focuses of the research are the modeling and creation of intelligent 

building designs. For the purpose of our research on vacuum vibration, we are making use of a commercial 

piece of software called ANSYS (version 5.6), which serves as the instrument for the finite element analysis. 

This software provides parametric design capabilities regarding the effects of piezoelectric patches on the 

response of smart structures, as well as the maximum allowable piezoelectric actuation value to ensure the 

integrity of the actuator size, position, and piezoelectric patches. Additionally, this software provides the 

maximum allowable piezoelectric actuation value to ensure the integrity of the piezoelectric patches. In addition 

to that, this software offers the highest permissible value of piezoelectric actuation, which helps to guarantee 

that the piezoelectric patches retain their full functionality. In addition, with the assistance of this software, we 

are able to determine the highest value of piezoelectric actuation that may be tolerated. 

 Be smart 

Research was carried out for the purpose of this project, the major focus of which was on the cantilever 

arrangement of a beam structure formed of an aluminum strip measuring 507 x 52 millimeters. In addition to 

that, it had eight surface-mounted piezoelectric patches of the BM500 type. The dimensions of each patch were 

25 millimeters on a side, 20 millimeters in height, and 20 millimeters in breadth. In order to form a bimorphic 

structure, these droplets of similarly stretched piezoelectric material are linked in a symmetrical way to the top 

and lower surfaces of the passive half of the device. When talking about this kind of structure that looks like a 

beam, people commonly use the term "smart beam." 

For the purpose of modeling active segments (such as PZT), the prismatic components of SOLID5 were chosen, 

whereas the linear prismatic elements of SOLID45 were used for the modeling of passive segments. This choice 

was arrived at after a substantial amount of inquiry and was validated by the results of the experiments. The 

smart beam that was used in the study is depicted in Figure 2, along with its shape, size, and the related finite 

element model. This was done so that the reader may better understand the inquiry. 
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Figure 1: Intelligent modeling of finite element beams (a) top view (b) side view 

Because there are so many different piezoelectric patch design factors, the application of the finite element 

method has shown to be particularly useful. After the parametric design aspects of the technique have been 

activated, it will be feasible to get knowledge regarding the effects that the position and size of piezoelectric 

patches have on the responses of smart beams. It was found that the reaction of the smart beam improved both 

as the patches grew in size and as they moved closer to the tip that was fixed. After this, there is an increase in 

the intensity of the response that is going place. Immediately after this, there is a change. The technique also 

makes it possible to estimate the highest value of actuation that is permitted, which effectively offers 

information about the constraints of the actuator. In addition, the approach makes it possible to estimate the 

maximum value of actuation that is permissible. It has also been demonstrated that the presence of patches 

brings about a shift in the intrinsic frequencies of the passive structure, moving them into higher frequency 

ranges. This finding supports the first hypothesis. [More citation is required] Strain values are acquired from 

the finite element model of the smart beam by utilizing modal analysis in order to find the most beneficial 

placement for the strain gauge sensor pair. This is done in order to collect the most amount of information 

possible from the smart beam. Following that, these values are entered into the strain gauges so that they may 

be calibrated. There is a connection between this area and the site where the stress levels are the greatest for the 

first two modalities, and there is a link between this location and the place where the stress levels are the highest. 

Smart fin 

The method of modeling using finite elements that was initially proposed for the beam structure is the one that 

will be utilized to construct and analyze the finite element model of the smart rib. The so-called "smart fin" is 

actually a cantilevered plate that is covered in piezoelectric patches that are arranged in a manner that is 

symmetrical throughout its surface. Plate theory served as the inspiration for its design. Because of the striking 

resemblance between the appearance of an intelligent aileron and that of a traditional vertical stabilizer used on 

airplanes, the term "intelligent aileron" was derived from this similarity in appearance. The investigation was 

eventually successful in that it led to the development of a finite element model, an example of which is 

presented in Figure 2. 

mailto:editor@ijermt.org
http://www.ijermt.org/


International Journal of Engineering Research & Management Technology                                  ISSN: 2348-4039 

Email:editor@ijermt.org                                May-June-2020 Volume 7, Issue-3                           www.ijermt.org 

Copyright@ijermt.org                                                                                                                                                    Page 59 

 

Figure 2: (a) Top view of the Smart Drift finite element model (b) Side view of the model 

When it comes to modeling the active and passive components of the smart shutter, the same types of elements 

that were mentioned in connection to the modeling of the smart beam are employed. These elements include. 

The findings of the modal analysis that were produced by the finite element model were used to put twenty-

four BM500-type patches (25 mm x 25 mm x 0.5 mm) on the fin in selected regions. These patches measure 25 

millimeters by 25 millimeters by half a millimeter. The patches are attached in a symmetrical manner both 

above and below the ribs, and an additional pair of BM500 piezoelectric patches that are installed in a similar 

fashion are being evaluated for use as sensors. Both sets of patches are located on the same side of the structure 

(Fig. 2). 

CONCLUSION 

Automatic system response tuning is a method that can be used to dampen uncontrollable oscillations. Within 

the scope of this study, three different systems were investigated to find the most efficient position of the 

actuator. Cantilever structures are used in each of the three different systems. Console length, actuator position, 

sensor position, controller type and piezoelectric material are all the same. In the first phase of the project, 

computational analyzes and experimental verifications will be performed using two different systems, three-

dimensional aluminum cantilever and mild steel cantilever. ANSYS is finite element software used to create a 

finite element model of a piezoelectric beam. 
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