W2r % W1 AN S Vol. A27. No. 11
2000 4 11 H CHINESE JOURNAL OF LASERS November, 2000

BN G AT s R, P[] B ) 2

Mk HHE % A AEE ZF#N AR
(TP RSFIAOE AW BT K 300071) (T L FRAL IR i)

RE KRR R IR O Wk e SR BT (10 /AN 1A BROG 2T D Bl A 18 Sk FL Ay T 0y Al 2 () g 00 &L 2 i, i
8% A7 i fifp ke i 2 AZ SCREURR () e, ) Y st 2ot e B0 79 A IS g AR B 2 88038 A [0 1) I Al s S
W, 2B T s L R JE T S AN DN R [ i 0

KEEIR  OCLTCHE, [y B, G

1 5 5

VLA, A FOCLF M FBG) 14 1588 W 97 T4 © 2ol ks 5 i AT 2, 1 F G
EF MR LS B AR LR A A AR EE I, M. G X S LR e M s A% 1
FEVEREAT TWFST, I HARH B BEER (R BOCAE HIKE G LR YOS B ) U e b iy 17— AN 2.
{HETCET M 7 A% I 88 A7 A A8 SCHBUE ) R, B A4 S 25 6 T i 7 Rt # BBURK 1), 0ok
WP 3 A S e I, TG 43 e Y s 0 R T 4 o) 5 A ) B A 5, R e e £ S R B )
ARV FEE (7] S 0k ) %) T G £ s WA S 11 2 B I ) LA R B (R S, AT T 2 it
A SRR ) LI 7 220, s RO M B2 S AR A e MR R &5 Ak AR R
1R LT et B 3 OB AT e Mg A H - T 2 sy O A5 I 8y g 45 A LA Bl RS [7) 38 Y
], H i 22 B [m) el ot 7 S AR T AN B AT AN () B AR RN R R A R £ M A Sk,
] sH eF ' M P 3 A ) s v 1 R, AT R ) EG A S o e v 8

A AR R AW ERGERE R AT YOME ) RS, (iSO B 7 88 TE i A ok
6 A1 M Pl B A SRR ] S, A SCR KR R R 20 1T 28, W vk I /IMA B G £F e i i Sk B A
(] B 00 45t s 1 FNGELRE Thfit, fig A0 250t e L P A0 SCABURK ) (8, 5 TP 7 DR (A A A S Al 1]
P00 S, o AR 1 AR [ B0 3 A S 9 A MR el i Sk g Bk s

2 FERRE

b A S B8 T A0, 6T A A F O 2 S 3 K SR AT SRS 251 As = 20/, TP nar N 5
BTS2, A o MRS T8 300 6 2T Y6 I B 0 SR K A B e T A (RIS T 04028, oy T R
3 RO FEE A AR B S0 e T A 2 525 . R FBG 08T ) L 2 40 WU [ . 157 ) S

* (R Z 2R 0L 42 69878001) BEEh i H .
Wk H W 0 1999-07-09: M #4E SR H 1Y ¢ 19990927



11 19 Kz ht 5 S JCET el i JE 0 ] i g0 1003

Ap A EHSROGC RN ADGET G 0T A (AR 5 RS, Tl FEE 520 A DU RO 200 AN AR I 2%
IV Y
BTN R SE 43 5 5 ) YA o A AR A A BN, D) A AR e AT 2 AR 4k
AT FFULF, SCEF Ml O SR A AR W] LR R
Ads/Ae = ke€+ krAT (1)
Frp ke R OGET YOI S IBAC 1) AR  R I R B, A B G AT iadn G 506 R B 2705 A7 R S %
RN, ke 3 GCEF M SO I AOHLE R BOR B, i 5 A K & BOM 206 RECH K 10
Ho (1) 20T g, A — AN A AR TG I ] I A, PRI DA A 2 A I e g AR

KPS SO E DA% 1863k, 0 ontl il e HL e IS AR A, 2R i e S Bl as S SR AR 0 o2 AR
A4 . HI( 1) AT, BIAAFPEACH FBG IO SO A AR A T LA IR A
AXg1/ A ke kv c
= = (2)
AXg2/ A2 ke ks AT

(2) SATWRI AR 5 KO 57 LU R 7 3K A FBG SUA TR Ry A

BATR VR IR 0 T E B B4 YaM, B 56 R — Foxed g8 P R0 il 158 8¢ A UK 1R 3R 15 W e
JEAIHPI— 2, SR J5 R D 55— SR O304 FD 1) 28 S P B B A LM X RN 2R S 6 A B S Al
() s ) A S R ABUEE ) , el T P b 3R S AN R 1R 27 T, J0 28 i 1 A Wl A5 Y M b B A I
U

O IE IR A B 5 AT M % 45 4, R EE IR AN AR I, G EF Ml o s S 8K A X AR
b 540D P R A

Ade/Ap = = k(1 = 2u)p/E = kip (3)
Ak = = k1= 2u)/E, 5ESCHEJIBUEREL &MU T S HNE A B E R AR
AT K H L u FVE 4350 0 A AR D088 EE NS PR

IR R R A AR, 52 T I A R R0 £T 6 I R i R AR AL S R B 1 O R
ﬂgl‘?[

AAs/As = (kr + Bk AT (4)
A B AR BRI R A th(3), (4) PN, B R EF SCH b O BRI A
XA 5 s ) Bl B 5 2 P OC AR, 6 FHAN [R) 0 28 45 it wT LAAS 3810 A [7) 119 sy R0 il FE 2R B . (A
B2 UL 52 2 T 106 21 6 P A e S 08 AT AN (W) P g A B o BBCRE, SLZ00 4 55 73 PR
AW 1) 38 A B8, it mT LA e ( 2) aCRAF A0 IR J Al g (1) A8 4k

3 SEEETR S

S 36 it B 6 28 A A% o6 M e A A AH #E :
’ .
B A Y, IO SOR S 1550, 39 nm, 1§ polymer 4 polymer B
18 B 56 250 80% . 1% 55 1 0. 33 nm. MG T £
%10 mm. WE 1 FF5. 55 2E A — 2 )5 B 1 ZRG W E e 0 2T oAt 18 Sk £ o
. - . § - . Fig. | Schematic diagram of fiber grating sensor head
TROWILEA T RAWHES mm>X3 mmX o o

with polymer packaged



1004 i %] s W 27 ¥

20 mm FAEATEAR, SCEF MM T REAAR P G, SR G4 EH B T 4 mm X4 mm X 50 mm
AR G4 B e i R W, BIHROCET HAR & FBG MEAT TIROK. [ 2 B30T et et
DR S S i, e P AT, 5 DG EF MR 1540, 5 nm A1 1550. 3 nm A P AN sz S5 0
(73 i 44 W 1 I 2) B i bl ) R R ek S e e A B v

—62.5 T —62. 5
_— g
é () i_} & 73]
. S
o g
S 2
& —67.5 o675 B
S g
g g
= i T/ T T @ e 1
4 =
- 72. 5 e H —72.5 -HA
1. 540 1. 550 1. 560 1. 535 1. 545 1. 555
Wavelength/pum Wavelength/pm
B2 BEWEBEN (o) MEBET(D) JCET M B i
Fig.2 Reflective spectrum of the fiber grating sensor before (a) and after ( 4) being packaged
(a) A= 1.550386 pm. AA= 0,332 nm: (&) M= 1.540240 um, Ii = - 65.99 dBm:
A2= 1.550200 pm, I = = 66.00dBm; Li= - 72.50 dBm, L2= - 72. 50 dBm
high pressure chamber., Igl 3 ;;‘j »H_’:-/U A:HMJQW!“%FFJEL\:%KE/JQJ%:
BSB IMG oren P, BB IR A G 2R 3 dB B G AR
B B % Ja L el b, I RO C R G A
FEG s, A JON .
0sa pressure Ilt}\)tlﬁlgﬁ’lﬁ{){{ ADVANTEST Q8383 iﬁfl) )
1 auge . N — : I - -
coupter BB EOEA R R AT A AR Ses RO

2F 56 M 1 38 5 e H G FE I, R ) AR
P 3 LT MR S RO ek S0 A 5 6 2 R AR URTS R, TR KB YQY -
Fig. 3 Schematic diagram of experimental setup for 80 71 s 4y Fe It
pressure and temperature propertics measurements of FBG B 4 g G R R w5 th 2%, b B
P4 a5 T H, R 1 R )RR - 5.24 X107 °/M Pa, W #EGHET 26. 5 65 £ 52
56 00 k8 Y RN, B U 2 1 A A B AR AN B AR S TR i A2 4k, B R AR A 10 M Pa
I, RS 2 (B AA RS /N T 0. 04 nm ( FRATTAT F 61 20 B A B 9S40 B2 04 0. 04 nm) , IXE:
Tt 1 TR s g ) R PR I . AR SCIRT 3] (RRE, B S0 2 (1) s R IR AL
A= 1.98X 10" °/MPa. & 5 Jyfhisas (i e ma v il 2%, b 2l ful 75 &5 SR mT 4, SO 1, 2 19
P RARB A K 5. 69X 107 °/ CHI 6. 58X 107 °/°C, Hrp s S 1 [ BE R IR B0 Bl
(F) 8.5 fif, Ty 2 Fryi SR AR SCHRARIE I AE AR — B (XA T BUG IR SR B ) B IF A MR
TR R E) o KFLL ESER B E AR (2) AR 1
AAsi/Asi - 5.24X10° 5.69X10° P
Adsz/ A ~ 198X 10°° 658X 1079 | AT
b LA b330 &5 B nT 0, B S I £F e i HL A He ) Rl R W) e B s h fg, B4 A3 AN e
G W IR IR AN 8, BT e ( 6) SR AR I I8 F 1 RN BE AR 4k o bl T 6T Yo S 2 1 ) 2 2R
FRURE P A% J Sk R0 3o AR 3R 4 K [R) e s, DAL 3 ol [) o 000 5 A ) s g Rl 58 0 = 2 3 46 3

(6)




1119 Az S AR M 0 R [R) e 1005

E 1540, 1550. 4 o 1545. 6 1554. 0 g
E 1544. 8 o
1540. = 1563. 2
3 1550.35 = 1544.0} =
w0 1540. 4 = B A 1552.4 %
§ 1550.2 & ?1232 i ety
v 1540. 2} s g Idetr 1551.62
& 1541. 6F o
B 1540.0 195012 2 sl 1550. 8%
1539. 8§ ; 2 \ ) 1550, 0 1540. 0 h ) , 1550. 0
0 2 4 6 8 10 20 30 40 50 60 ?ﬂ 80
Pressure/MPa Temperature/'C
Pl 4 02T M A~ B S 0eE ) s g ) I iy £ Bl 5 AT M A~ e S U i 52 i 12 ity 2k
O: I 1; A g 2 O: I 1; A 2
Fig. 4 Pressure response curve of the two reflective Fig. 5 Temperature response curve of the two reflective
peaks of FBG peaks of FBG
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Research on the Simultaneous Measurements of Pressure and Temperature
Using One Fiber Grating

Liu Yunqi Guo Zhuanyun Zhang Ying Liu Zhiguo Dong Xiaoyi
(Institute of Modern Optics, Nankai University, Tianjin 300071)
H. Y. Tam

(Department of Electrical Engineering, Hong Kong Polytechnic University, Hong Kong)

Abstract The small volume fiber Bragg grating ( FBG) sensor head designed by
using especial package technique with polymer material has the function of simulta—
neous measurements of pressure and temperature, which can solve the temperature
cross—sensitivity of FBG effectively. Simultaneous measurements of the pressure
and temperature using only one grating based on the two reflective peaks with dif-
ferent pressure and temperature sensitivity coefficients through the process of pack-
aging FBG are demonstrated.

Key words fiber grating, simultaneous measurements, polymer





