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Motivation and Purpose
A,

Fiber Bragg Grating

« Data transmission speed plays a crucial role in the development.
« Applied in engineering field.

« Lightweight, small size and good environment tolerance.

Strain Sensing

Temperature Sensing
Optical Fiber
Multi-Sensing Applications

“« ¢

Gas Monitoring Sensing

Bending Sensing

Torsion Sensing

2012622 (4 QD)

Motivation and Purpose
A,

A 4

— Researchers Mostly used FBG sensor in the static monitoring.
— Be able to find the internal damage of materials by impact.
— Aftershock, Material is unexpected for serious using.

Fiber Bragg Grating
Strain sensor

SHTB experiment

Understand the damage

fensof smbedded limit of the structures

in and pasted on

material

[1] Hao Song, Wenjusn Wang, Yujing Zhou, Guangming Zhou, ™ Machanical Proparties of Composites with
Embaddad FEG Sansors in Different Layar”

[2] Yoji Oksbe, Shigeki Yashiro, Tatsuro Kosska and Nobuo Takads,  Detaction of transverss cracks in CFRP
‘composites using embaddad fiber Brage geating sensors”

12

Figure 1. Animage of static
test using FBG sensor

embedded in material[1]

‘ l Optical Fiber
X

Figure 2. Animage of
transverse cracks inside
material using FBG sensor[2]

2012/6/22 5

Transverse Cracks

90° Ply
0° Ply
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Phase-Mask Interferometer
-A'
UV beam
e i
I
Fiber grating Cladding
Index of
refraction
JAVAVAVAVAVAVAVAVAVAVAY
Location

Figure 3. Production of Fiber Bragg Grating sensors

« It’seffective method for producing optical fiber sensor.
« UV light refract on the core to form a grating area.

[3] B.L Fang, C.C. Chisng, M.Y. Hsish, LR. Tssi, C.L. Lin, " Curing rasidual strain monitoring in different layer of -
GeEpory laminatad compositas using smbaddad optical fiber Braze srating sensors” 2012/6122 7 @

Specimen preparation

+ Composition
—  Content of fiber: 63%
—  Polymer matrix: 37% (Epoxy)

* Procedures-CFRP
— Folded up with [0/45/0/-45/0]s

— Manufacturing under the high-pressure and

high-temperature environment.

o
8
1

— Dog-bone shape by water-jet cutting.

Temperature (C)
1

Pressure (Kglem?)

\ o 200 400 600 800 /
Time (min)

Figure 4. Material were curing under a vacuum situation, Figure 5. An image of chamber.
and it was heated directly with increasing time.

[1]B.L Fang, C.C. Chiang, MLY. Hsish, L R. Tssi, C L. Lin, " Curing rasicual strain monitoring in differant layer of - - -
Ep composits i opticd b Brage grting semsors” 2012622 (8 (D
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Interrogation system for FBG sensors
="

A 4

« Interrogating Experiment
Obtain coefficient between FBG and strain.
Energy of FBG and the energy of filter overlaps.
Voltage converted by PD.

¥ 00115395603 * X + IS OEWS
Rosgiared =0 99571

Ligh Soure,
e

Logg cell g -
Nitoy

A Upler

Figure 6. Schematic diagram of interrogation system for Fiber Bragg Grating sensors

2012/6/22 (9 (D)

Static Correction for FBG sensors

« Static Experiment
Gauge factors of FBG sensor were calibrated
using tensile test.

V=0 G010 652 ¢ X+ 1077 A8 MSE 04
Pespiated =0 071010

Stramn

Vohtage

HTLSTL NOILOIMA

Figure 7. Schematic diagram of static correction for Fiber Bragg Grating sensors

2012/6/22 10 ()

Method and Material
LA,

w

* Dynamic Experiment
Using the split Hopkinson tensile barand interrogation system.
Light source travels through the grating area.
Light energy overlaps with OTF.

i
Figure 8. Schematic diagram of Split Hopkinson Tensile g
Bar and Fiber Bragg Grating sensing system
T = Sy 20120622 41 (D)
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Result and Discussion
-N——L

* The FBG sensor embedded inside and pasted on the surface specimen

@ (b)

Figure 9. Schematic diagram of FBG sensor were (a) embedded inside and (b) pasted on the surface
specimen

Result and Discussion

7 \—

« The FBG sensor embedded inside specimen

Table 1 Mechanical property of FBG
under high strain rate

Inside

Strain rate  Residual Strain R-Squared

()
135 1.2543x104 0.934712
323 5.1165x107 0.926355
492 1.6505x10* 0.8975632
-6 A 5
FBG sensor 717 9.9029x10 0.943653
810 9.4738x10+ 0.955563

Figure 10. Schematic diagram of FBG sensor were
embedded inside specimen [0/45/0/-45/0]s

» Minimal residual strain effect
+ Strainagainst time from FBG sensoris linearly (R-Squared).

2012/6/22 14
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Result and Discussion
A ——

*The FBG sensor embedded inside specimen

454 —— Incident bar signal FBG sensar signl
40] —— Transmission bar signal " strain guuge signal
s Strain gauge signal < o

——FBG sensor signal

304
254
204
154

Voltage

104
05
004
054
104

15l T T T
00002 00000 00002 00004 002

Time(s)

Figure 11. (a) Raw data of SHTB measure, Strain gauge and FBG sensor (b) Signal of FBG sensor and Strain
gauge under high strain rate 810s!

) 0.0002 0.0004 0.0006 0.0008
Time(s)

+ The FBG strain sensor has higher sensitivity and quicker response time.

2012/6/22 15)) D)

Result and Discussion

A —

+ FBG sensors Embedded inside specimen

0.04 -
———————— (FBG sensor) strain rate 492 s
o — — — (Strain gauge) strain rate 492 s
0.035 |~ ——— (FBG sensor) strain rate 717 5"
- — = — (Strain gauge) strain rate 717 s
o003k (FBG sensor) strain rate §10 s
ool 1 — — — (Strain gauge) strain rate 810 s
0.025 |-
» g I -
£ ooz E
@ : cl e
0.015 |- . o]
0.01 |-
0.005 |-
OU 5E-05 0.0001 0.00015 0.0002 0.00025 0.0003

Time(s)

Figure 12. FBGs of strain-time curve under strain rate 492 s to 810 s°L.

FBG sensor and strain gauge
+ Signalincreases along with the increasing strain rate.
* J-shape curve feature.

* Response curve is lower at beginning.
2012/6/22 16

Result and Discussion

A —

+ The FBG sensor pasted on the surface specimen

Outside Table 3 Mechanical property of FBG
under high strain rate

Strain rate Residual Strain =~ R-Squared
FBG sensor (=1

\ 139 49366:10° 0995713
h_ 437 69651x10%¢ 0978329
; Ty 567 16505x10° 0988083
Strain gauge “ 717 0 0.965219
820 72952x10% 0965219
980 42913x10°% 0966783

Figure 13. Schematic diagram of FBG sensor were
attached outside specimen [0/45/0/-45/0]s

+ FBG sensors attached to the specimen surface after specimens were machined to
dog-bone shape.
* Minimal Residual strain effect 012022 47 (D

16
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* The FBG sensor pasted on the surface specimen

Result and Discussion

45
404
354
204
254
204

—— Incident bar signal
—— Transmission bar signall
—— Strain gauge signal
—— FBG sensor signal

— B0 s sl
——— St gauge signal

o

;“ 154 gJ
e m s
05
004
25
10
5] .
00002 00000 o000z 0.0004 -0.0002 o 0002 00004 00005 000
Time{s) Time(s)

Figure 14. (3) Raw data of SHTB measure, Strain gauge and FBG sensor (b) Signal of FBG sensor and Strain
gauge under high strain rate 8205

+The FBG strain sensor has higher sensitivity and quicker response time.
*Shows that signal of FBG grows a peak under high strain rate.

2012622 48 (LD

Result and Discussion

o ——

FBG sensors pasted on the surface specimen

0.04
(FBG sensor) strain rate 567 &
- — — — (Strain gauge) strain rate 567 s
3 (FBG sensor) strain rate 717 s
- — = = (Strain gauge) strain rate 717 s
0.03 (FBG sensor) strain rate 820 s

(Strain gauge) strain rate 820 s

0.0 003

0.00016  0.0002
ime(s)
Figure 15. FBGs and strain gauge of strain-time curve under strain rate 567 s to 820 s

001
T

FBG sensor and strain gauge
« Signalincreases along with the increasing strain rate.
« J-shape curve feature.

* Response curve is lower at beginning.

20126122 49 (CHD

Result and Discussion

FBG sensors Embedded inside and pasted on the surface specimen

0.04
L (Inside of FBG sensor) strain rate 492 s
| (Outside of FBG sensor) strain rate 567 s
| of FBG sensor) strain rate 717 s
| - = — (Outside of FBG sensor) strain rate 717 "
0.03 | C of FBG sensor) strain rate 810 s
L 1 — — — (Outside of FBG sensor) strain rate §20 s
3 .
- L
'S o02f 4
o f
L Vi =~
| 7
001 ’ /
L 7 i
i V4
| L
% SE-05 0.0001 0.00015 0.0002 0.00025 0.0003
Time(s)
Figure 16. FBGs of strain-time curve under strain rate 4925 to 820 s
FBG sensor
+Signal increases along with the increasing strain rate.
«J-shape curve feature.

2012/6122 20" (D)
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Result and Discussion
LA,

-
*  Microscopic —Carbon Fiber Reinforced Polymer (After tested)
— Before tested —— /— Fiber-like Fracture 'ﬂ
Figure 17. The specimen of (a) and (b) CFRP Figure 18. CFRP was surfaced feature under high-
were before and after dynamic loading speed loading.
201206122 21 (L)
Outline
A,
4 Motivation and Purpose J
L 4
Method and Material ]
yl
L 4
Result and discussion ]
y
L 4
Q  ommm—
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Conclusion
s

* Inside and Outside FBG sensors
— Shows that signal of FBG grows a peak feature under high strain rate.

— At strain rate conditions, both FBG and strain gauge curves exhibit J-shape curve
feature.

— FBG strain sensor has higher sensitivity and quicker response time.
— Thesignal of FBG grows along with the increasing rate.

— Response curve is lower at beginning.

2012622 23 ()
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THE END
Thanks for your listening
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