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Abstract. This paper presents a study on the design of rapcapacitive sensor for detecting and
measuring void sizes in Polytetrafluoroethylene rinatomposite plates. To optimize the sensor
structure and minimize parasitic components and nsommode noise, the design integrates a
reference capacitor and a sensing capacitor witipeoelectrodes. Simulations were performed to
detect voids with radius ranging from 1.1 mm to iInéh and to analyze the sensor's operating
principle under various void radius. The simulati@sults reveal a linear relationship between the
output capacitance and the void radius. Theserfgeldemonstrate that the proposed sensor has high
potential for applications in detecting and measyrivoid sizes within Polytetrafluoroethylene
matrix composite plate.

BBICOKOUYYBCTBUTEJIbHBINA TU®DEPEHIIUAJILHBINA
EMKOCTHBIN JATUUK CO BCTPOEHHOM DTAJTIOHHON
CTPYKTYPOMH JIJISI OGHAPYKEHUS ITYCTOT B KOMIIO3UTAX HA
OCHOBE IIT®?

Yan Ban Tyne, Heyen /lak Xau
Xanotickuii npomvluinennsiii ynugepcumem, Xanou, Bbemnam

KiroueBble c10Ba: €MKOCTHOH JaTYMK, MATYUK MYCTOT, JC(PEKTHl B BHIC MYCTOT, KOMIIO3UTHI U3
MOJUTETPaQTOPITUIICHA, HEPA3PYIIAIOIINN KOHTPOJIb, ONTHMH3AIUs YYBCTBUTEIEHOCTH.
AHHoTammsi. B 1aHHON cTaThe NPEACTABICHO WCCICIOBAHUE KOHCTPYKIMH KOILTAHAPHOTO
€MKOCTHOTO JaT4MKa, MPEAHA3HAYCHHOTO Ui OOHAPYKCHHS M H3MEPEHHUS pPa3MEpoOB MYCTOT B
IUTACTUHAX W3 KOMIIO3UTHOTO MaTephana Ha OCHOBe mnonuTerpadropsTiieHa. C  IeNbio
ONTUMU3AIMKA CTPYKTYpPhl JaTYhKa M MHHHMH3AIUH [apa3sUTHBIX COCTABISIOIINX, a TaKKe
cuH(a3HOro IMIymMa, B KOHCTPYKIHMIO OBUIM HMHTCTPUPOBAHBI OMOPHBIA M YYBCTBHTEIIbHBIM
KOHICHCATOPbl C MEIAHBIMH JJICKTpOoxamMH. IIpOBeIEHO MOICIHMPOBAHKE, HAMPABICHHOE Ha
BBISIBJICHHE TYCTOT paamycom oT 1,1 1o 1,4mmMm, a Takke HA aHAIU3 TMPUHIIUTIA PAOOTHI JaTIYHKA MTPH
Pa3IMYHBIX 3HAYCHUAX pagnyca MyCTOT. Pe3yabTaThl MOACIMPOBAHUSA AEMOHCTPHPYIOT JIHMHEHHYIO
3aBHCHUMOCTh BBIXOIHON EMKOCTH OT pamuyca IMyCTOThI. [10dydeHHBIC Pe3ybTaThl MOATBEP/KIAIOT
BBICOKMH MOTEHIMAN TMpeIaraeMoro JaTdyhka Ui NPUMCHEHHs B 3ajJadax OOHApyKCHUS H
U3MEPEHUS Pa3MEpPOB MYCTOT B IUIACTHMHAX M3 KOMIIO3UTHOTO MaTepuajla Ha OCHOBE
MOJUTETPAQTOPITHUIICHA.

1. Introduction

Plastic composite materials are becoming incresiatgyactive in structural
applications, particularly in the aerospace indudiiue to properties such as high
durability and corrosion resistance. These materahn also be tailored to meet
precise design requirements and offer significaetgin reduction compared to
traditional materials like metals. Manufacturinggesses are inherently prone to
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inducing defects in composites, and it is nearlpaossible to produce a component
that is entirely defect-free, as each process l¢addifferent types of flaws in
various ways. Porosity or voids are among the numshmon manufacturing
defects. The presence of voids in composite madenagatively impacts material
strength, leading to a severe degradation of mechlgmerformance [1-5].

Ultrasonic methods have been tested on compositeriada to evaluate
structures and detect voids [6-7]. Capacitive semgmown for their high sensitivity
and robustness, have become the sensor of choiwany precision measurement
applications, including thin-film thickness monitag, air bubble detection in engine
lubricants, and tilt angle sensing. These sengerpraferred due to their low intrinsic
noise, minimal sensitivity to environmental vaoa$ (e.g., temperature and
humidity), as well as their long-term stability amdiability [8-11].

In this study, the research team proposes the mles$ig capacitive sensor for
detecting voids in composite materials. The semsasists of two capacitors: one
serving as the sensing capacitor and the othehasrdference capacitor. The
electrodes of the capacitors are designed in alsglivape to enhance the sensor's
performance. The study employs theoretical calmnatand simulation methods to
evaluate the sensor's performance. Voids in theposite material, with radii
ranging from 1.1 mm to 1.4 mm, are detected basedhe capacitance change
between the sensing capacitor's electrode pair. \Wthe composite material
contains voids, the dielectric properties of thesseg capacitor are altered, leading
to a change in its capacitance. By measuring thigtion, the size of the void can
be estimated.

2. Theoretical Framework and Sensor Design

The capacitive sensor is composed of two coplalegtredes separated by a
distance §) and placed in a uniform dielectric medium witkialectric constan,
(fig. 1). Figure 1, a shows the cross-section ef ¢bplanar capacitive sensor on a
printed circuit board (PCB). The dimensions of #hectrodes are defined by their
width (w) and length (I) (fig. 1, b). The operating prifeipf this sensor is that
placing a composite plate with a dielectric cons{ay) (fig. 1, a) underneath the
surface of the coplanar capacitive sensor altesotterall dielectric environment
beneath the sensor, thereby leading to a changeeisensor's capacitance. When
the composite plate is underneath the surfaceeo$éinsor surface, two layers — the
composite plate, and air can be considered asdhedielectric mediume(). As
can be seen in this structure, the dimensions hadyap between the electrodes
remain constant. This sensor detects the dielesteédium underneath the surface
of the electrodes. The electric field is strongethe region near the gap between
the two electrodes and weakens as it moves outwacdpacitor with two coplanar
electrodes placed in an environment with a dielecdonstant o, (fig. 1a) has a

capacitance determined according to the formul§l@]y

2
C:ZSV—EOIm (1+2_Wj+ (1+2_Wj -1{, (1)
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wheregg is the vacuum dielectric constahts the length (along theaxis) andw is
the width of the electrode. The gap between thedigotrodes ia (fig. 1, b).

Capacitive sensors are capable of detecting changegpacitance relative to
the dielectric constant. In this paper, a two-etmt# capacitive sensor is used to
detect the presence of voids in a composite plate.
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Fig. 1. Positioning of the excitation and sensitlegeodes

Figure 2 illustrates the structure of the sensemahstrating a capacitive
sensor configuration with two capacitors: a senstagacitor and a reference
capacitor. The reference capacitor is placed oaravoids composite plastic plate,
generating a capacitance denotecCasMeanwhile, the sensing capacitor is placed
on a similar composite plastic plate but with viodssulting in a capacitance
denoted as £

The differential capacitanc&C between the reference capaci@rand the
sensing capacitdC, varies linearly with the size of the void withinet composite
plastic plate placed on the sensing capacitor. @lferenceAC is calculated as
follows:

AC =|C,-Cy 2)
The differential capacitance\C) between the reference capacit@i)(and

the sensing capacito€y) is estimated based on the output voltage (se&¥igrhe
value ofAC can be determined from the amplitude of the dugpe wave.
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Fig. 2. Description structure of the Fig. 3. Circuit converts the difference in
capacitive sensor capacitance to voltage
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Tab. 1. Dimensions of sensors

Symbol Quantity Unit (mm)
a Gap distance between electrodes 0.25
w Electrode width 1.03
t Electrode thickness 0.1
n Width of the sensors 9.99
m Length of the sensors 9.99

Table 1 presents the dimensional specificationshef capacitive sensor
shown in Figure 2.

3. Simulations and Discussion

In this study, Comsol Multiphysics simulation sofive was employed to
evaluate the sensor's performance. The electid @istribution within the sensor
was analyzed by applying a voltage of 5 V betwdwenexcitation electrode and the
sensing electrode. The sensor parameters werenédsas outlined in Table 1. The
simulated material parameters used in the modesamanarized in Table 2. The
Polytetrafluoroethylene (PTFE) matrix composite@lased in this simulation has a
thickness of 3 mm.

Tab. 2. Simulation parameters in the model.

System component Material Dielectric | Conductivity
of the sensor constant (S/m)
Air Air 1 -
Composite plastic PTFE matrix 2.2 10%
Composite
PCB FR4 4.1 -
Electrode Copper - 5.96-10

The simulation results in figure 4, a shows theatreh between output
capacitance changes and investigated voids siaePiMFE matrix composite. This
simulation result shows that when the voids sizeai®?TFE matrix composite
changes from 0.1 mm to 1.4 mm, the output capamtamanges correspondingly
from 1.2 fF to 36.5 fF. It can be assumed that withsmall range, where the voids
radius varies from 1.1 mm to 1.4 mm, the relatignfletween the voids radius and
capacitance is approximately linear. The sub-figar€igure 4, a shows the linear
fit of the capacitance values relative to the seagmre radius measuring range of
1.1-1.4 mm. In this range the sensitivity achie®®@%6 fF/mm.

Figure 4, b illustrates the electrostatic field whee composite plate is placed
under the electrodes and simulated image of theosefhe red regions represent
higher voltage, while the blue regions indicate dowoltage. This electric field
distribution demonstrates a significant influeneéveen the sensing electrodes and
the composite plate.
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Fig. 4: The output capacitance changes correspgndithe voids size varying and
simulated image of the sensor
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4. Conclusions

This study introduces a spiral-structured capaeitsensor designed for
measuring void sizes. The proposed sensor hagythland width of 9.99 mm, an
electrode width of 1.03 mm, and a gap width of G#B. To optimize
performance, a reference capacitor structure weegrated to minimize noise,
enhancing measurement accuracy and stability. fsqahy, two capacitive sensors
are integrated directly on the same PCB to effetimitigate power supply noise,
parasitic capacitance, and moisture absorptiom@fRTFE matrix composite. The
presence of voids in the composite plate alteralldelectric properties, resulting
in a measurable change in the sensor's capacit@hegproposed sensor exhibits a
sensitivity of 99.66 fF/mm. Simulation results deratate that this sensor structure
is cost-effective, highly sensitive, and well-sditéor applications involving the
detection and measurement of void sizes in PTFEx@imposite.
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