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Development of Simultaneous Measurement System for Strains and AE Using Multiple FBG Sensors

( For Structural Health Monitoring of Solid Space Rocket Composite Motor-Case )
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A study was conducted to apply fiber Bragg grating ( FBG ) sensors, a kind of optical fiber sensor, to structural health
monitoring of solid space rocket composite motor-cases. A new measurement system was developed as a result of the study. The
system possesses two light sources. When using multiple fiber ring lasers as the light source, the system can simultaneously
measure strains of up to 1% and acoustic emission ( AE ) using multiple FBG sensors and when a broadband light source is
used, the system can also measure very fast strains. The system was applied to a pressure test for system evaluations in the

development of Epsilon Launch Vehicles.

1. &

FHHT T v MT RTOEEME, BET - AR - i -
Bk - % - MR EOFTRICBIY S S SE R
AEFIEIC L DFERRE N TS, NSO TAEDSEREET
JEIL, BFEAT— DB 2 akEh e KA SHERIC L -5 C
WL EN72bOTH A, FHHAT T v b ORISR T
SR & TR A T AR Lo TEBES TN 5.

—0, MSATBOE NFHEATZEIZE SRS (JAXA) 1E,
FETY A7 20/ LR BI2 X o T, v ETEN: 2 S
Laib b, T RTHI CREOBRILEIT LIV AT A 0%
BEEFBIELA T urary gL 81
WIS Tyayary VaRY. A 7varu
Ty M3 EXoeRERe Y FThH ATy
07y b &) REFOFHH G T v b ORSB L UNEH
IZBWTE, AR L B L 7oA - BRI A 38 AT
LR TH D,

EEOE, 1 T7vurary e EOREME—Y 7 —

il

(7)) http://www.jaxa.jp/projects/rockets/epsilon/ 7> & 5|

g1 LIPANRYASK (v 7 = 7l = B
Fig. 1 Epsilon-1 on the launch pad

ANIET 7 AN A X BERIE E EAT S 2 & A
Kz, BARIIZIE, T 7 ANV HE LT, BOTAS

IHI %  Vol.54 No.1(2014) 63



LT AFHINCHIETE LT 7 AN TT 7 - 7
L —7 4 » 7 ( fiber Bragg grating : FBG ) t > H Z$&H
L7:. —#%IZ FBG 3§ Aht e LT SR
% —F FBG tyHE7I—-AT4 v TIva
Y (AR) faatimd EhlEdt v &3 5 A b s
ENTw5 ) LaL, Tsuda Hid—20 FBG & v
(OBt o EBEE L T OM B OEEE b 725 Z
EDSURETH B L L T/ ),

551, Tsuda HOEZ EFHESHE, —D0D FBG t
YHIZE > TOT AL AE % FEEHIN BE 2 5Tl T %
FHHERD 7 v S OBEAME—F r—RIHEH S 53
%17 o 7. AT, HFEOREEETHL [ £
HOFBG £y YL oT, 1%F TOROT AL LEE
L7225 AE bRIICFHIITZ 22 A7 4 | DFAFIC
DWTHET 5.

FEOIE, BRLIGHII AT o247 urary b
FFEHOBREME— 5 7 — AERBRO—EBI#H L7z,

2. FBG E>HICoW1T

FBG V37 7 A 3k v O—>ThHA. FBG X
W7 7 AN TV 2 R b A N TSR S &
72bDTHAH. FBG OFHERNEE 2 BIRT.

FBG 12 (1) AOBRTREINLKEREL SO EEE
a5 L, (1) XoEEOFEOEE i < 3 5%
B3 hH. ZOWEILT T v 7R ( Bragg wavelength )
Ay EFHENDS. n, 1X FBG OFREITE, A TG
Y.

7T TWER A \TEREIE n, EAETHFE A (2N
A5, CoOWEEE T ELTHHL, OFAts
REL o E LTHHEIN TR S, E3IRICODTALE
77y FREOBEROBI RS, 72, 84 BIREL
77 T EEOBEROB 2R

7 7 ANFEEP»OEIETH Y, FBG 2T At

A KT AN KT ANT TR
US i [T . —E—ﬁiﬂt
A6 S S

—

7Ty T K77 A4Nar

(FE) A RRFHFE

%2 X FBG OFEHENK
Fig. 2 Schematic of FBG principle

64

1552 -

—_

w

[

—
T

1550 -

77 v 7¥E (nm)

1549 -

1548
-2 000 -1 000 0 1000 2000

OFA (1)
FIR OTAETTy VEEOMR

Fig. 3 Relationship between strain and Bragg wavelength
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Fig. 4 Relationship between temperature and Bragg wavelength
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a fiber ring laser
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Fig. 7 Schematic of simultaneous measurement for strain and AE using
an FBG sensor
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Fig. 6 Collaborative research system and roles
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