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ABSTRACT: In this analysis, Near-Field 

Electro-Spinning (NFES) technology is used to 

fabricate a novel free-standing strains sensor, 

which can be applied to monitor real-time bending 

structures to reduce gauge size. A self-powered 

strain sensors consists of a Poly-Vinylidene Di-

Fluoride (PVDF) fibres, a solid Plant Design 

Management System (PDMS) substrates, and 

aluminium electrodes. The capability of the 

piezoelectric polymer material PVDF as strain/load 

sensors in engineered structures. These sensors are 

made in any shapes/sizes and are flexible. 

Additionally, these sensors are being passive and 

requiring no electrical current to function. A PVDF 

sensor was connected with aluminium sample 

representation of an artificial design, as well as 

output voltage of Poly-Vinylidene Di-Fluoride 

sensor started to differ linearity for tensile load 

which is applied. This article calculates the 

potential to implement inexpensive, reliability, and 

effective sensors for monitoring the structure of 

engineering frameworks. Hence, this framework 

increases accuracy, reduces cost and size. 
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I. INTRODUCTION 

Sensors converts applied physical 

variables into electrical signals. In 

different transduction process, 

piezoresistive, capacitive [2], piezoelectric, 

and friction sensors quantify outer 

changes. Traditional strain sensors are 

rarely used to calculate displacements and 

forces in mechanical systems. At present 

times, high-sensitivity, high-stability 

wearable microsensors that meet the needs 

of industrial improvement have become 

the research hotspots such as sensor 

networks, the Internet of Things (IoT) 

[10], and small wearable electronic 

devices. The detection of motions, 

wearable microsensors is of great 

importance for real-time measurements of 

object acceleration, force and velocity, as 

well as monitor the motion specifications 

and conditions in biomedical practices. 

Currently, most sensors need battery 

device and cannot operate autonomously 

or self-powered in isolation from the 

battery device [4]. 

Self-powered sensor utilizes piezoresistive, 

piezoelectric, capacitive, and friction 

process to converts mechanical kinetic 

energy into electrical signals. To achieve 

self-sufficiency, typical sensors are made 

with PVDF as the primary component [6]. 

Manufacture the PVDF piezoelectric 

sensors by various methods like spin 

coating and electrostatic spinning. The 

other things, electrospinning technologies 

will fabricate micronanometer-scale 

sensors, enhancing the sensor surface area 

ratio. Therefore, cumulative charge and 

density functional contact area. 

 

Conventional strains sensors primarily 

change the resistance value of sensor 

component for implementing outer forces, 

and detect the deflection of objects based 

on the resistance. The piezoelectric 

component is manufactured using National 

Fire Equipment System [8], and voltage as 

external force is applied to the element. By 

utilizing the voltages, the sensors may 

became self-powered strain sensors 

without the need for an additional battery 

device. Space utilization is greatly 

improved, and objects are smaller. 

Engineering structures like aircrafts, wind 

turbine, ships and apartments can be 

exposed to many kinds of dynamic loads 

throughout its duration because of 

changing process and eco-friendly 
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situations are uncertain. These structures 

are usually designed oversized to prevent 

failure. Such a common conditions, which 

are due to the fact that there is no suitable 

and cost-effective equipment to monitor 

the loads and thus the exhaust life of these 

designs cannot be predicted. Accurately 

predicting the exhaust duration of 

engineering designs that requires 

developing Structural Health Monitoring 

(SHM) technologies to known the strength 

as well as frequency of loads. The device 

developed by National Aeronautics and 

Space Administration has demonstrated its 

applicability for measuring strain levels in 

aircraft structures. This device used strain 

gauges are used as sensors with 

semiconductor circuits and 

electromechanical counters.  

 

The issue of force measurement effects the 

concrete as well as steel in designs will be 

rectified by properly attaching thick-film 

piezoelectric devices for the steel planes at 

the time of structural implementation. In 

this way, the sensor measures the actual 

force amplitude without changing the 

internal stress or strain distribution. A 

hybrid microelectronics method was 

explained by a electrical and physical 

perspective that focus on the advantages 

and developments that can be obtained 

from developing optimized analog circuits 

for processing signal by sensor 

components. The primary issues 

investigated in this study the 

implementation of optimize sensor 

components and best measurement designs 

to improve outputs signals levels. In 

particular, the structure of sensor elements, 

particularly defines the high effective 

geometric configurations as well as 

optimal thickness of active layer. This 

analysis describes the method utilized to 

connect the sensor components to the 

electronics, as harsh conditions in which 

devices will operate. 

 

Embedded sensors are expected to support 

Industry 4.0 digital manufacturing 

technologies. Industries requires in-method 

monitoring and controlling technologies to 

enable real-time information acquisition to 

reduce production time and costs. 

Embedding sensors in structures allows us 

to get even closer for monitoring physical 

method while providing structural as well 

as thermal protection. Additionally, there 

are fewer manufacturing constraints and 

greater design freedom to optimize sensors 

for placement according to function. 

Conventional encapsulation methods 

require higher melting and depositions for 

integration of activated materials into the 

mother matrix. Here, a temperature 

normally exceeds the Curie point of 

piezoelectric materials that leads to failure 

or degradation of sensor execution. 

 

Additionally, high process temperatures 

can damage associated electronics and 

cable jackets. Piezoelectric sensors for 

diagnostic applications are therefore 

mental plates or cast into structures are 

made of fiberglass, epoxy resin, silicone 

elastomer/concrete. Additionally, it 

requires prohibitive time to cure the 

epoxy/silicone compounds that adhere 

sensor metals; the existence of adhesives 

also affects response of embedded sensors. 

 

The process of Ultrasonic Additive 

Manufacturing (UAM) that combines and 

low-pressure chemical vapour depositions 

for embedding sensor in metal designs for 

ultrasonic welding adhesion. Improved 

mechanical coupling was performed by 

pre-compressing sensors set from the 

depth of the milled pockets for effective 

stress transferring to sensors during 

destruction at the UAM method for better 

development of the embedding method for 

activated samples are subjected to quasi-

static bending and impulsive testing to 

calculate their electromechanical 

implementation. 
 

II. LITERATURE SURVEY 

Cooley J.F., et al., [14] described a 

protection on electrostatic spinning, the 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9415474/#B14-sensors-22-06084
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technologies will be used to manufacture 

actuators and sensors, and in recent years 

processing precision has reached the 

nanometer level. NFES is manufacture 

method that creates microfiber from 

solutions by an applied electricfield. If a 

sufficient voltage is applied for field, the 

charge in field overcomes the plane 

tension and droplet is pulled out. The flow 

is caused by adhesion between molecules 

within the droplet. Fibers appear on the 

catchboard as the water in river vaporizes. 

NFES is simple, controllable, and cheap. 

Additionally, fibers collected by Near-

Fault Earthquakes (NFEs) will reach 

micron size and may be self-sufficient. 

NFES technology enables the creation of 

ultrafine nanowires and patterned 3D stack 

printing with high precision. 

 

Im T.H., Lee J.H., Wang H.S., Sung S.H., 

Bin Kim Y., Rho Y., Grigoropoulos C.P., 

Park J.H., Lee K.J., et.al [3] Self-contained 

strain sensors with Near-Fault Earthquakes 

(NFEs) technology will overcome the 

drawbacks of strain sensor that require  

supply. This method will move PVDF 

instantly onto flexile substances, creating 

self-powered nanometric equipments that 

will be used in biomedical equipment, 

wireless sensors, and wearable electronics. 

 

Wu Y., Chen Y., Shen S., et.al [1] explains 

that batteries are not needed for sensors to 

utilize PVDF fibers. Employ self-powered 

strain sensors and to design cumulative 

angle that improves on conventional 

piezoelectric sensors which will not be 

evaluated. These sensors will provide 

continuous position measurements and 

didn’t need to be reset the battery for 

operation to power it as conventional strain 

sensors. 

 

De M, Pozegic T, Hamerton I and Fotouhi 

M, et.al [7] Using PVDF as a load factor 

sensor results as dense, low-power 

wireless devices which is simply 

performed in civil designs. Hence, this 

analysis used polyvinylidene fluoride films 

instead of strain gauges to observe the 

earliest values of load in civil designs. The 

outputs indicate the polyvinylidene 

fluoride will utilize as a replacement for 

strain gauges. However, no studies have 

been conducted as it reliable on 

measurement output with that of gauge 

strains. 

 

Friedho R and Kubsch G, et.al [13] 

company has developed wearable devices 

which will add and classify stress 

intensity. Automatic strain gauge were also 

used here, but the results were inconsistent 

in rainflow plots. Very large devices were 

attached to the structure with screws had 

their own power supply. 
 

Chiu Y Y, Lin W Y, Wang H Y, Huang S 

B and Wu M H, et.al [11] The described 

polyvinylidene fluoride films are interest 

for both energy harvesting and significant 

sensor development due to their wide 

dynamic and frequency range, high 

transformation capability, elastic 

compliance and cost-effectiveness are used 

for these properties, PVDF presents an 

outstanding capability for merging in 

designs with a low modulus with that to 

the state-of-the-art materials. This means 

that the embedding of such sensors has 

low effect on their mechanical properties. 

 

ANiizeki, K.; Nishidate, I.; Uchida, K.; 

Kuwahara, M.,et.al [12] 

proposed Extensive respiratory monitoring 

mechanisms with commercially available 

vital signs to monitor with a different 

kinds of features commonly used in 

clinical settings that enable real-time and 

highly accurate monitoring of multiple 

physiological parameters. However, they 

are generally expensive and bulky, which 

can hinder their practical use in home 

patient care. In particular, a simple and 

portable meter is needed to enable patients 

to monitor their respiratory rate during 

home care. A sensor device is required to 

meet the actual needs. 
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Hehr A, Norfolk M, Kominsky D, 

Boulanger A, Davis M, Boulware P., et.al 

[5] Ultrasonic Additive Manufacturing 

(UAM) is solid-state method that merges 

the metal foil addition bonding and CNC-

controlled milling process to produce near-

net-shape metal elements. Ultrasonic 

vibrations generated by a rotating 

sonotrode with more piezoelectric 

transducers which transmits to the weld 

interfaces, forming a strong bond between 

the parts at low temperatures. This 

technology has proven successful in 

embedding fiber-optic sensor, Nickel 

Titanium (NiTi) shape memory alloys and 

printed electrical circuits. 
 

Li J, Monaghan T, Nguyen T, Kay R, Friel 

R, Harris R., et.al [9] Preliminary tests 

show the mean temperature at weld 

interfaces which didn’t exceeds the Curie 

temperature of PVDF, electric integrity 

and activity of sensors after welding 

method. Therefore, improvements in 

embedding method, improvements in 

mechanical combining, and classification 

of remaining elements are still undetected. 

This analysis explains embedding of 

sensors in Aluminium (Al) structures. 

 

III. METHODOLOGY 

 

The civil structures have various contacted 

instances that require detailed investigation 

from an experimental observation in order 

to authenticate the arithmetic concepts that 

can explains behavior of interfacial forces 

and related phenomena. A distinctive 

observational method for bonding series of 

thick-film sensor for the plane rod (Fig. 1) 

appears ideal to monitor progressive harm 

in concrete under dynamic or cyclic 

loading. . To ensure the highest signal-to-

noise ratio and highest utilizing situations, 

the process of developing sensors on rod 

surface should be improved. In fact, one of 

the main issues concerns the harsh 

environment sensor elements. Various 

parameters in the implementation method 

affect concluding performance of sensor 

design. Water and motor properties are 

significant factors and manage exact 

functioning of the sensor. 
 

 
 

Fig.1: PVDF Sensor Arrangement In The 

Concrete Specimen 
 

 

Various experimental tests were performed 

to investigate in detail how these factors 

degrade the performance for measurement 

systems. Various kinds of sensor elements 

will construct and tested. The framework 

considered the volume, pattern of films 

and its relationship with external 

environment. Investigating optimal 

operating configuration will allow to 

define the limits for sensor application. 
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Fig.2: Experimental Setup A) The Tensile Test And B) The Data Acquisition System. 

 

Theoretical and experimental activities carried out in this area have resulted in the following 

conclusions: 

• The practical optimum size of the sensor element is 5 x 5 mm to 8 x 30 mm. 

• Sensor thickness can vary from 9 to 24 mm. The thinner element interaction between steel 

and concrete compared for better ideal conditions. 

• Protective foils between the sensor and the external environment must be avoided. They 

interfere with the interface and change the operating state of the sensors. 

• External connections must be terminated on one side of the sensor only. 
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• All active components will function in 

contact with steel as well as concrete. 

• A suitable conductive adhesive can be 

used to ensure contact. 

• These requirements must be considered 

in conjunction with the analog electronic 

properties that define the performance of 

the sensor structure. 

 

For example, to evaluate the sensor 

components will be situated on given 

surfaces of steel bar and significant to 

know the least measurements of sensor 

elements. On the other hand, the extended 

average of these parameters is desired; the 

large detection range allows an excellent 

comprehensive estimate the force effects. 

The observation is calibrated by mounting 

sensors on mild steel and performing 

repeated tensile tests at different stress 

levels in Fig. 1. The sample test is made by 

fixing sensors 20mm from the center of a 

300mm long piece of steel. 
 

The PVDF sensor was made by TE 

Connectivity (SI.No 1-1002910-0) as well 

as data acquisition systems is used as 

Vishay model 6100 scanner. The sensors 

were stressed in the D33 directions, which 

has largest piezo-electric coefficient as 

well as sensitivity. Samples were scratched 

from long sections of 300 mm length, 25 

mm width and 6 mm depth. To evaluate 

the performance of PVDF under both 

conditions, samples were subjected to both 

tensile and compressive loads. 

 

Strain the sample by applying different 

loads in sinusoidal shape by range the 

amplitude and changed the data collector 

garthers information on sensed strains as 

well as stress associated with the 

amplitude. A sinusoidal pattern was 

required because piezoelectric elements do 

not perform well a under static or constant 

load condition that requires dynamic load 

method to generate voltage. The machines 

were calibrated for zero average amplitude 

without preloads as well as specimens 

were stressed at different times: 2 kn, 4 kn, 

6 kn, 8 kn and 10 kn. The values are 

extracted from data acquisition from the 

stress signal that obtains the piezo-electric 

sensor and signal captured by scanners. 

 

Electronic analogue process of the signal 

formed by PVDF sensor with primary 

functions of the experimental activities and 

shows the main focus to ensure 

dimensional accuracy. These piezo-electric 

sensors need critical, sophisticated analog 

and digital signal circuits. To obtain best 

possible assessment of the data that 

obtained from physical activity. 

Additionally, the request is likely to be 

more challenging because of harsh 

conditions for sensing elements operates 

overall structures.  

 

IV. RESULT ANALYSIS 

The amplitude based on polyvinylidene 

fluoride sensors depends on the magnitude 

of the periodic forces between 2 kN and 10 

kN. As the load level increases, higher 

voltages are generated. It is because of 

piezoelectric materials undergo more 

displacement under high stress than under 

low stress. The capability of sensor to 

monitor stress is tested by the strain gauge 

results with PVDF results. The stress 

results correlated well with the gauges 

measurement, suggesting sensors can 

monitor load variations. The output shows 

that polyvinylidene fluoride is highly 

sensitive for deformations than strain 

gauge, which is benefit for this technology. 
Table.1: Performance Analysis 

Parameters PVDF Strain 

Gauges 

Accuracy 98 94 

Cost 9.3 12.6 

Size 72 91 
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Polyvinylidene fluoride will occur as well 

suited to the function for observing 

structural loads. Therefore the count of 

strain gauges and polyvinylidene fluoride 

final result are not directly compared, the 

trend in the outputs between them are 

definitely recognizable. The relation 

between load level as well as stress/strain. 

The sensitivity of the PVDF sensor seems 

sufficient for dynamic load monitoring. 

 

In Fig.3 accuracy comparision graph is 

observed in between PVDF and strain 

gauges. 

 

 
Fig.3: Accuracy Comparision Graph 

 

In Fig.4 cost is compared between PVDF 

and strain gauges.  

 
Fig.4: Cost Comparision Graph 

 

In Fig.5, size comparision graph is 

observed in between PVDF and strain 

gauges. PVDF shows low size 

 

 
 

Fig.5: Size Comparision Graph 

 

V. CONCLUSION 

Using a PVDF sensor to monitor the stress 

level of a steel sample, it found that the 

sensor output are linear for the 

implemented stress. The same shape is 

also monitored for strain gauge 

dimensions. The piezo-electric PVDF 

sensors are best choice for traditional 

strain gauges for measuring dynamic loads 

to monitor structural health. The sensors 

have benefits for power which is unneeded 

for operation; also the sensors can be 

customized to sizes, shape and reduces the 

sizes as well as value of devices for load 

monitors. The low voltage swing provides 

the sensor elements as well as effects of 

thermal and electromagnetic noise suggest 

improved performance of earlier 

equipments designed for signal sensors 

processes. 
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