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Abstract: This study's objective was to propose the use of textile braiding manufac-

turing methods, thus facilitating the application of the high precision and accurate meas-

urability of optical fiber Bragg grating sensors to various structures. The purpose of this 

study was to Combine 3d braid processing with the optical Bragg grating sensor's accurate 

metrology. Out of limits of the sensor's epoxy attachment methods, the textile braiding 

method can make applicable scope diversify. The braiding processing is capable of de-

signing a 3D fabric module processing, multiple objective mechanical fiber arrangement, 

and material characteristics. Optical stress-strain response conditions were explored 

through the optimization of design elements between the Bragg grating sensor and braid-

ing. For this study, Bragg grating sensors were located 75% apart from the fiber center. 

The sensor core structure is helical of 1.54 pitch. A polyurethane synthetic yarn was braided 

together with the sensor on the Weaving machine core part in a braiding. Prototyping 

results, a negative Poisson's ratio makes curled the braided Bragg grating sensor. The 

number of polyurethane string yarns has been conducted the role of wrap angle in braid-

ing. The 12 strands condition showed an increase in double stress-strain response rate at 

a Poisson ratio of 1.3%, and 16 strands condition was found to affect the sensor with noise 

at a Poisson ratio of 1.5%. This study can suggest applying braid processing of the Bragg 

grating sensor, which is expected to create and develop a new monitoring sensor. 

Keywords: Bragg grating sensor., auxetic sensor, silica helical core, wrap angle, braid an-
gle 

0. . 

1. Introduction 

 

Fused silica has the characteristics of the high purity of more than 9.999%, excellent 

heat resistance, thermal stability, chemical stability, excellent light transmittance, and elec-

trical insulation properties. It is resistant to heat and chemical reactions and is useful as an 
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optical material for lasers. The development of 3D ultra-fine processing techniques using 

the diffraction phenomenon of light has been applied as an essential optical element. Pre-

cise length measurement experiments have been performed based on the principle of 

optical interference by previous studies. It can be used as a ruler in the femtosecond laser 

region, and exact control is possible at 10⁻⁶.Research is needed to easily apply the Femto-

second laser's precision Bragg grating sensor to various applications. 

 

Braid has to go through three other classic manufacturing steps: weaving, knitting, 

and non-woven. This can make that the braid structure is excellent method in bending 

strength, impact resistance, torsion efficiency, and energy absorption. Prior studies have 

reported that composites are in the engineering, aerospace, transportation or medical in-

dustries, and various braiding structures and materials development.[1][2][3] 

3D module weaving is possible, and a weaving of complex structures is possible, so 

expansion and contraction of new units is possible through the combination of each mod-

ule. 

By combining the accuracy of the optical Bragg grating sensor with the possibility of 

3d fabric modular processing in a braiding method, it is possible to measure complicated 

structures and diversify the sensor application by presenting the possibility of applying 

the fabrication to the monitoring measurement method. 

The objective of this study was to propose the use of woven braiding manufacturing 

methods, thus facilitating the application of the high precision and accurate measurability 

of optical fiber Bragg grating sensors to various structures. 

 

1.1 Fiber Bragg grating sensor  

To design the experiments for this study, Bragg grating sensors were located 75% 

apart from the fiber center to increase the response of stress-strain measurements. The 

Bragg sensor that would be braided was sampled by optimizing it for stress-strain re-

sponse conditions efficiently to react by the mechanical property of grating core location, 

core structure (helical core, pitch 1.54cm). The core’s frame was designed by permanently 

modifying a preform level helical (pitch 1.57cm) and applying femtoseconds laser pro-

cessing for Bragg grating. The size of the processed grid of the silica Bragg grating sensor 

is 3 cm and is attached with epoxy to a 15 cm flexible rod. 

1.2 Principle of Bragg sensor operation 

The light reflected from the end of the optical fiber and the incident light from a 

standing wave gives a periodic energy change to induce a periodic refractive index change 

in the optical fiber core to generate a grating. This phenomenon is called light sensitivity. 

The optical fiber grating device is a photon device that uses light sensitivity in which a 
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refractive index changes when a portion of an optical fiber core to which germanium or 

boron is added is exposed to an ultraviolet laser. The optical fiber grating element can 

induce periodic refractive index changes in the optical fiber core portion based on light 

sensitivity, thereby causing changes in light reflection or transmittance [1]. 

Where 𝙣𝚎 is the effective refractive index of the optical fiber grating, which means 

the average refractive index when light passes through one period of the Bragg grating, 

𝜦 means the grating period engraved on the optical fiber. The light of the wavelength of 

Bragg that satisfies the Bragg condition in the equation is reflected without passing 

through the Bragg light, and light of other wavelengths passes. The Bragg wavelength 

reflected from the optical fiber Bragg grating, which can be expressed in the equation, is 

a function of effective refractive index and grating spacing. When an external physical 

quantity such as a short-distance strain of the optical fiber Bragg grating is applied, the 

Bragg wavelength is changed by these values (Equation 1). By accurately measuring the 

change in the Bragg wavelength, the unknown physical quantity applied to the optical 

fiber grating can be obtained. The Bragg wavelength is determined by value of the micro-

structure period and the refractive index 𝙣𝙚𝙛 of the core (Equation 2),[2]. In bending, the 

stress is determined from the configuration of the fiber. only half the volume of glass is in 

tension. The stress increases linearly from zero at the neutral axis to a maximum at the 

surface (Dr. G. Scott Glaesemann ,July 2017). 

The strain sensitivity of the Bragg grating can be determined by using the Bragg wave-

length change. Strain Response (1-𝗣ℯ) 𝛜 = 𝛥𝜆/𝛌 [3][4]. 

(1-𝗣ℯ) 𝛜 = 𝛥𝜆/𝛌 (Equation 1) 

(Equation 2) 

 

ße – strain sensitivity of the Bragg grating 

pe – photo elastic constant (variation of index of refraction with axial tension) 

pe -0.212 (Photo elastic coefficient) 

 

 
 

 

 

1.3 Measurement method of Bragg grating sensor 

The interrogator is measured by the amplitude and phase value of the Bragg wave-

length's scattered light. According to the photoelastic waveguide response. this defor-

mation applied to the core by an external physical strain [5].  
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At this time, the wavelength variation induced by the change in the spacing of the 

optical fiber Bragg grating, which is measured by the complex factors of the displacement, 

curvature along the axis, and the elastic point that can be explained by the laws of physics 

and the imposed load. A detection method capable of quantitative analysis has a charac-

teristic in which an external force changes the center frequency. 

 

1.4 Braiding mechanical structure 

While braiding, a bundle of three or more fibers is connected continuously without 

cutting. All threads are gathered upwards in the center of the track .and then stretched in 

the vertical direction to form a braid. There are two or more tracks, each with a group of 

spindles moving in different directions. The angled braid is characterized in that the con-

tinuous threads have a structured design element and become a columnar structure. 3d 

weaving of complicated purpose fabrics is possible and has been applied to various in-

dustries.[5] Braiding, one of the methods for weaving composite fibers, can be fabricated 

in the desired direction depending on the strength and stiffness of the desired structure. 

The braid enables the continuous orientation of the fibers, allowing the mechanical prop-

erties' design according to the properties of the material and construction. (G. Guyader et 

al.,2013) The braiding angles of the yarns in different directions are not identical. The hy-

brid braiding angles introduce geometrical incompatibility into the longitudinal defor-

mation of the structure, which leads to improved longitudinal stiffness while the bending 

flexibility is not compromised. The constant and varied braid angles on the conical man-

drel's surface determine the strength of the twist, and a particular mechanical property 

can be designed using an auxiliary structure(Amit Rawal et al.,2015).  

2. Material and method  

2.1 Design of the braided Sensor 

 

The core of the sensor used for this study was designed to optimize the blade. This 

experiment fiber core is located outside at half the fiber volume (35µm from the center of 

the fiber). It is a helical core with a diameter of 6.3 microns and has a specification with a 

numerical aperture of 0.21 and a core validity index within 0.05%. It is rotated at high 

speed in the preforming step and twisted during the process to have a pitch of 15.4cm at 

50 times per meter and is coated with an acrylate-based UV transparent fiber. The core 

applied to the sensor is twisted positively at a twist rate of 0.49 𝛑 to form an optical wave-

guide in the clockwise direction. The fiber is treated with germanium doping, producing a 

Bragg grating sensor through precision processing using a femtosecond laser process 

through a phase mask. It has an operating wavelength of 1550 nm, a coating diameter of 

185.7 microns, and an optical fiber diameter of 125.6 microns. 
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The Bragg grating engraved sensor was attached to the plastic optical fiber with 

epoxy. When weaving tubular blading, it was fabricated by inserting it together into the 

bladder core yarn with irradiation of elastic pieces. The outer yarn was made of polypro-

pylene fiber, and the blade angle was woven with a uniform distribution of 45 degrees. 

The elastic knitting was investigated so that the number of strings for the same yarn of 

12string and 16string could be uniformly distributed to the braided core yarn. The elastic 

piece irradiation was spirally wound around the tubular bladder core yarn, and an initial 

angle value of 45 degrees of blading was designated at four uniformly distributed points. 

All threads were assembled upwards in the center of the orbit and bladed vertically. Three 

orbits were used, and a blade machine with eight spindle groups moving in different di-

rections was used. 

The below figure 1 is an explanatory diagram of the prototype to be used in this 

experiment. The braiding was composed of polyester nylon. Polyurethane yarn was used 

in between the braiding yarn and the flexible sensor rod To maintain the uniform internal 

tension. 

 

 

 

Figure. 1. This figure is for understanding the correlation between the fiber Bragg grating sen-

sor and the braiding angle and wrap angle. figure1(a) is an example of the brazing angle during the 

braiding process. This figure1(b) is an example of the polyurethane wrap angle. This figure1(C) shows 

the wrap pitch 0.6𝛑 radian and the sensor cross-section diameter of 3mm of the 12-string polyure-

thane sensor. figure1(d) shows the 16-string polyurethane wrap pitch 0.7𝛑 radian and the sensor 

cross-section diameter of 3.5mm. figure1(C) and (d) are samples after braiding, and figure1(e) are 

electron micrographs of the braided sensor. this figure1(e) shows a core position in the optical fiber 
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of 125 𝜇ⅿ diameters. And figure1(e)shows the Bragg grating sensor core of 6.3 𝛍ⅿ diameters. This 

figure1(f) is aimed to understand the process of stress-strain response applied to the Bragg grating 

sensor by the braiding process.  

 

 

2.2 Methodology  

A comparative analysis was conducted on the sensor's signal responsivity with the 

epoxy attached at the flexible rod sensor and undergone a braiding sensor. The experi-

mental results were recorded. The braiding conditions were analyzed by the size of the 

sensor signal, and the morphology changes' reliability. The valid responses of the sensor 

in the context of the conditions of the braiding and wrap investigations were analyzed 

based on the changes in internal shear stress to calculate the range of investigated braid 

state.  

2.3 Negative Poisson’s ratio 

Poisson's ratio is one of the characteristics of a material. When a force acts on a ma-

terial, the material's deformation occurs in the direction in which it is applied. If the tensile 

force acts on the material, it is stretched in the direction of the tensile force. The Poisson's 

ratio represents the ratio between the horizontal strain and the vertical strain (Equation 3). 

In other words, the anxiety decreases for the direction of a move of the load and increases 

the vertical direction and has a positive Poisson's ratio. In Figure 2 below, the principle of 

Poisson's ratio was explained by connecting the angle and pitch of the wrap angle with 

tubular braiding. In this experiment, two braided angles and wrap angles are applied to 

explore the structural principle that negatively affects Poisson's ratio. It is a common phe-

nomenon that the material tends to become thinner when stretched. Rarely, some mate-

rials contract or stretch when stretched horizontally, indicating a negative value of the 

Poisson's ratio (PR). PR is called’ auxetics. The negative Poisson's ratio enables the stiffness 

and resistance to be actively increased to respond to external stress action loads [6].                                                                          

                                                                                                                     (Equation 3) 

(a) 

 

(b) 
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Figure. 2. figure2(a) is a drawing to understand the definition of Poisson's ratio. Figure 2(b) shows 

the lap angle, lap yarn pitch, and the circumferential length of the braided pipe cross-section, 

causing a negative Poisson's ratio in tubular braiding. 

 

 

 

2.3.1 Measurement of Bragg Wavelength Variation of Interrogator 

   The interrogator is measured by the amplitude and phase value of the Bragg wave-

length's scattered light. According to the waveguide, a photoelastic response by defor-

mation applied to the core by an external physical strain. Wavelength shift induced by the 

change in the spacing of the optical fiber Bragg grating is measured by the complex fac-

tors of the displacement, the curvature along the axis, and the elastic point that can be 

explained by the laws of physics and the imposed load. How to measure It calculates all 

distributions of reflected light between the start point and endpoint of the sensor peak 

over the threshold light amount to find the distribution center and includes specifications 

for the calculation method suitable for the change in the reflected light amount distribu-

tion. It is measured by calculating ᅀ N and the amount of change in the fractional part, 

ᅀ ε[7]. 
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2.4 Experiment  

2.4.1 Subject 

The sensor unit length (1 cm) and angle (1 degree) were measured before and after 

the blading. And the maximum and minimum values of the stress-strain response were 

investigated. 

 

2.4.2 Experimental device and tools 

For the protocol, the sensor strain measurement behavior was controlled using a de-

vice having an angle, and length adjustment range used for stage setup was used. It can 

be adjusted manually and has a 1mm and 1-degree adjustment resolution. The metro-

nome controlled the speed of the experiment.  10 kHz measurable interrogator figure 3 

((a)c) was used to enable real-time monitoring measurements.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 3. this shows the measurement equipment used in the experiment. Figure 3 B is a fan-

out that can accurately connect the laser and Bragg wavelength shift to the interrogator with a Bragg 

grating core. figure 3 A, (c)) is a passive optical machine with a 1 mm resolution. Figure 3 C is the 10 

kHz interrogator, and Figure 3 (b) is the experimental picture.  

 

 

 

2.4.3 Protocol 

   The stress-strain response was carried out through repeated experiments of in-

creasing and decreasing the unit length and angle. Also, the maximum and minimum val-

(a) 

(b) (c) 
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ues of the stress-strain response were investigated. The reliability coefficient verified sen-

sor reliability (internal consistency) in the repeated experiment. The experimental limiting 

condition is to use an axial fixer at both ends of the prototype to ensure that the optical 

fiber axis is fixed. The length of the moving line and the optical waveguide axis move on 

one plane. Three sets of experiments were performed at metronome 60 at a regular inter-

val of 1 cm and a 10-degree. According to the repetitive motion, the reliability of the test 

was presented to the reliability coefficient. 

 

 

 

 
 

Figure. 4. Figure 4(a) is a diagram of an experimental measurement device with a length of 1 

cm and an angle of 10 degrees. Figure4(B) is an experimental measurement device diagram for 

measuring the maximum and minimum values. Each fixed position and moving position are 

selected, and rubber tabs for fixed the optical axis are installed at both ends of the sensor. 

 

2.4.4 prototype 

 The prototype was produced with three types, 12 strands braided sensor, 16 strands 

braided sensor, and flexible load sensor before braid. As a result of prototyping, 12 strands 

braided sensor induced cyclic curling with a diameter of 6 cm, and 16 strands braided 

sensor were produced with cyclic curling with a diameter of 3 cm. 

 

Table. 1. Table 1 shows the state of the sensor before and after the braid. Table 1(c),(d) shows 

a case where 12 polyurethanes are braided, and 16 polyurethanes are braided. The diameter of the 

cross-section of the sensor and the diameter of the helical size is indicated. 

parameter flexible rod 
frame 

12 strands 16 strands 

Cross section Diameter (cm) 
 

0.2 0.3 0.35 

Initial braid angle (degree) 
 

NO 45 45 

Number of polyurethane string (N) 
 

NO 12 16 

Braided sensor body curling Diameter(cm) 9 6 3 

(a) length,angle protocol        (b) maximum and minimum values protocol 
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(a) Before braid                     (b) After  braid (c) 12 strands  (d) 16 strands 

 

 

3. Result 

The experimental results showed a positive braiding range and interconnected rela-

tionship by the stress-strain response to the fast waveguide axis strain. These results were 

used to propose the application standards for sensor braiding. String cords were made to 

have helical curling by using rubber elasticity. Under Figure 5 (A, B, C) the same braid 

conditions, the number of polyurethane yarns caused a change in internal stress and a 

negative Poisson's ratio. As a result, 16 strands sensor was made with a curling diameter 

of 3 cm, and 12 strands sensor was made with a curling diameter of 6.6 cm. The 16 strands 

sensor make pre-strains, and I observed noise on the morphology. The 16 strands sensor 

was investigated for non-conformance conditions. It is presented in Figure 5. 

12 strands sensor was observed to have maximum and minimum wavelength shifts 

with the same morphology of flexible rod sensor condition so that 12 strands sensor test-

ing be continued with a flexible rod sensor. The result was analyzed using wavelength shift 

rates before and after braiding. Post-braiding, the loading body frame sensory strain re-

sponse rate decreased by 0.4 times in 12 strands sensor, while the angle also reduced by 

0.3 times. The maximum and minimum values were the same before and after braiding, 

but the sensor reactivity (wavelength shift speed) increased twofold. 
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Figure. 5. In the experiment of Figure 5, the wavelength variation for the change of the maxi-

mum and minimum values was measured. Figure 5 shows the morphology of before figure 5(A) and 

after figure5((B), (C)) braid. Before the braid figure5(A) and after the 12 strands condition's braid 

figure 5 (B) showed the effectiveness of the sensor, but the 16 strands condition's braid figure 5(C) 

was observed in noise signal. 

                

 

 

Figure. 6. Figure6 shows the morphology of comparing the sensor's length and angle unit 

wavelength variations and the maximum and minimum values of the sensors before and after braid-

ing under the same conditions. Figure6((a1) (b1) (c1) (d1)) suggests the linearity of wavelength var-

iation through the trend line.  

 

 

 

 

B.12strainds-Positive 

A. before braid process 

Maximum wavelength variation 

C.16strainds-Noise 

Minimum wavelength variation 
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Table. 2. Table2 showed 3 prototype investigation data in this study (length, angle maximum 

and minimum values, Confidence constant-Cronbach's alpha) 

            subject 

prototype 

length (wavelength shift/1cm ) 

 
flexible frame 

1cm 
 

6cm 

2cm 

7cm 

3cm 

8cm 

4cm 

9cm 

5cm 

10cm 

1547.337 nm 

1547.563 nm 

1547.409 nm 

1547.568 nm 

1547.44 nm 

1547.594 nm 

1547.519 nm 

1547.619 nm 

1547.53 nm 

1547.63 nm 

y = 0.172x + 1575.2 

R² = 0.9562   (1st, 2st, 3st mean)  

Standardized Cronbach's alpha.             0.894 (3st) 
 

(𝜶≧0.9(excellent), 0.8≦𝜶≦0.9(good), 0.7≦𝜶≦0.8(acceptable)) 

12 strands 

braid 

1575.321 nm 

1575.63 nm 

1575.392 nm 

1575.71 nm 

1575.465 nm 

1575.79 nm 

1575.52 nm 

1575.86 nm 

1575.355  nm 

1575.948 nm 

y = 0.0701x + 1575.2 

R² = 0.9562   (1st, 2st, 3st mean)  

Standardized Cronbach's alpha.             0.861 (3st) 

(𝜶≧0.9(excellent), 0.8≦𝜶≦0.9(good), 0.7≦𝜶≦0.8(acceptable)) 

16 strands 

braid 

NO 

 angle(wavelength shift/1degree) 

flexible frame 0º 

50º 

10º 

60º 

20º 

70º 

30º 

80º 

40º 

90º 

1547.7 nm 

1547.561 nm 

1547.671 nm 

1547.538 nm 

1547.611 nm 

1547.527 nm 

1547.597 nm 

1547.496 nm 

1547.571 nm 

1547.458 nm 

y = 0.134x + 1547.4  

 R² = 0.9827   (1st, 2st, 3st mean)  

Standardized Cronbach's alpha.          0.885 (3st) 
 

𝜶≧0.9(excellent), 0.8≦𝜶≦0.9(good), 0.7≦𝜶≦0.8(acceptable) 
0.6≦𝜶≦0.7(questionable), 0.5≦𝜶≦0.6(poor), 𝜶≦0.5(unacceptable) 

12 strands 

braid 

1547.453 nm 

1547.568 nm 

1547.467 nm 

1547.594 nm 

1547.493 nm 

1547.612 nm 

1547.512 nm 

1547.63 nm 

1547.563 nm 

1547.451 nm 

y = 0.0233x + 1547.4  
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 R² = 0.9827 (1st, 2st, 3st mean)  

Standardized Cronbach's alpha. 0.884 (3st) 

𝜶≧0.9(excellent), 0.8≦𝜶≦0.9(good), 0.7≦𝜶≦0.8(acceptable) 

0.6≦𝜶≦0.7(questionable), 0.5≦𝜶≦0.6(poor), 𝜶≦0.5(unacceptable) 

16 strands 

braid 

NO 

  maximum and minimum values of the stress strain response 

flexible frame 0º 

1546.901 nm 

90º 

1549.925 nm 

y = -3.567x + 1554.1 

R² = 1 
  (1st, 2st, 3st mean)  

 

12 strands 

braid 

1546.916 nm 1549.483 nm y = -6.424x + 1559.7 

R² = 1 
  (1st, 2st, 3st mean)  

16 strands 

braid 

NO 

 

 

The decrease in stress-strain response of angle and length displacement can be in-

terpreted to be acted Pressure to free movement. However, in the internal polyurethane 

12 strands condition, the sensor reactivity increased twofold due to internal helical auxetic 

stress. 
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Figure. 7. Figure7 is the result of Figure 6. The reliability value of each experiment was pre-

sented by the reliability constant for each result value. Figure 7 shows the stress-strain response 

change before and after braid. figure7(a1) show wavelength shift for 1 cm displacement before braid. 

Figure7(a2) show wavelength shift for 1 cm displacement After braid. 
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Figure. 8. figure8 (a2) is the wavelength variation after braid. this shows the wavelength shift 

according to 1radian, figure 8(a1) shows the sensor stress-strain wavelength shift before braiding.  

            

 

 

 

 

 

 

 

Figure. 9. Figure9 compares the stress-strain response to the optical waveguide axis before and 

after the braid. Figure 9((a),(b)) shows the fast rate of responsiveness to stress-strain. Figure 9((c)(d)) 

shows the stress-strain response minimum (0%) before and after braid on the optical waveguide 

axis. Before and after the stress-strain response, maximums (100%) were compared in figure 9((c), 

(e)). 

This was due to the wrap yarn role of polyurethane, which resulted in positive inter-

action and fast stress-strain response from the helical auxetic stress in the Bragg sensor 

core. It is presented in Figure 9. The range of the helical auxetic stress was calculated using 

the conditions for 12 and 16 strands sensor. The impact range of the helical auxetic dis-

tortion rate in the sensors was analyzed in connection to the fiber optic sensor's cores 

pitch cycles in figure9. 

 

 

(a) (b) 

(d) 

(e)  (f) 

(c) 
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. 

Figure. 10. Figure10 summarizes the experimental results and the conditions related to the 

sensor and the noise range according to braid condition. 

 

The fiber optic cores have a cycle of 1.54cm with a period of 0.49𝛑. From 0.5 𝛑 to 0.6 

𝛑, 6cm torsion causes the internal tension on the Bragg grating in the sensors to increase 

twofold, thus increasing the reactivity by twice as much as before braiding. However, 16 

strands sensor have 0.7𝛑 Helical structures with an internal diameter of 3 cm, which ex-

ceeds inner tension in the sensors and results in noise being measured.12 strands sensor 

with a helical diameter of 6cm and the sensor Optical waveguide's vertical section of 3mm 

were used. In figure10, 16 strands sensor with a helical diameter of 3cm and Optical wave-

guide's vertical section 35mm were used. Each measured value was recorded in the exper-

imental figure 10.      

 

 

4. Discussion 

 

The range of the helical auxetic stress was calculated using the conditions for the 12 and 16- strands 

sensor. The impact range of the helical auxetic distortion rate in the sensors was analyzed in con-

nection to the cycles of the fiber optic sensor's cores pitch. The Poisson ratio can interpret the ten-

sion range impacting the fiber optic cores. 

Normal tension (Figure 11) represented the strain placed on the internal Bragg grating based on the 

same modification rate of 1.1%. The sensors' inner tension was calculated within the range (1.3%) 

that would produce a mutually beneficial relationship at the same ratio of increase as the critical 
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point tolerance range. It is presented in the positive auxetic tension of Figure 11. Negative auxetic 

pressure is a diagram that outlines Bragg grating conditions when it increases to the point outside 

of the critical limit (1.6%) as a result of internal compression.  

 

 

 

 

 

Figure. 11.  Figure11 shows the braid effective range of the sensor. 

 

 

 

 

 

 

 

 

5. Conclusion 

 

Using a braid weaving machine, it braided at the core Loom center with the sensor 

and polyurethane composite yarn. The braided sensor was curled as a result of a negative 

Poisson's ratio. The mutually beneficial relationship range and noise range of the sensor 

were differentiated based on the number of braided polyurethane strands. For 12 strands 

sensor, a Poisson's ratio of 1.3% resulted in a twofold stress-strain reactivity increase. For 

16 strands sensor, a 1.5% Poisson's ratio resulted in pre-strain noise. These were analyzed 

as braiding tensor factors that impacted the core, and they can be described in three dif-

ferent levels. Level 1 was defined as external stress-strain factors that occurred only until 

the point of cladding. At this level, there was no tensor identified at the core that resulted 

in wavelength shifts in the Bragg grating. Level 2 was defined as fiber optic stress-strain 

factors that occurred up to the outer levels of the core's surface. At this level, tensors in 
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the core that resulted in wavelength shifts were determined to be horizontal factors. Level 

3 was defined as the strain that occurred within the internal core to 50% of the center n 

the same direction as the light wave axis. At this level, tensors in the core resulted in wave-

length shifts that were determined to be both horizontal and vertical factors. In terms of 

conditions for braiding conditions, the requirements for a mutually beneficial relationship 

in the sensors were explored. As a result, the conditions for mutually beneficial relation-

ships were confirmed to be a Poisson's ratio of 1.3% at Level 3. 3D fabrication modules 

due to braiding many present expectations for the application of sensors in complicated 

and convoluted areas of design.       
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