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(1-pe )Ae+((x+§)AT] =K, Ae+K, AT @)

K, : ~E |2l A< (strain coefficient)
K;: 2% Al<>(thermal coefficient)

Pe :n_z[Plz‘V(Pu"‘Plz)} (3)

Pus Pra s 2EHQ1 338} €l (strain-optic tensor)] A&
v : Poisson's ratio
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el g 338} Al 4= (thermo-optic coefficient)o]™ p,= 2 (3)
i} & 58 HebA A (effective photoelastic constant)e]t}.
2] ()9 o), Hefj 1 ol thE ARES B2 ¢ 2=
U 2EdQle] 7hid A e o mE B upt s}
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2.3. O}sHEIG ZHYHl(Mach-Zehnder interferometer)S 0]
28 &3 HYTo| Bt

713t ute} o] F "1 ohe] WslE 23l
2o tilste AlArstm 2 A 7k AEH QT &5
= B8, Al & gl o]l ) 39 A ee B 3
o] ¥alg dvht BgstA BT & Adevbl g9 Ut
743 7heketA Bl shatel wWsE 2A4sle de X
%! (broadband source)#} F-33-27] (optical spectrum analy-
zen)Z o|-&5la] B3} 23 E Y (transmission spectrum)] # 3}
g #&3t= Aolth vt B F Azle 7l £
el Wate B dAe) Fxr) a8 A gernz(~
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M AZEE O 3 AUEr) g4 ¥ £33 9 53
FHell HalA 71AI Q] FAK(scanning) =S dfof shma
a2 &3 £271 =tk ddo| Qi) ek BB3EA7E
oj-&st= WP BT FUsty WE £XE JRlE AA A~
ol ALAH oz gFEAon o uie} B A o] )
Alglo} g} 7 2 19921 Naval Research Lab. ©] A.
D. Kersey” 5ol olaja wae wnlatdle] 74 Al (Mach-
Zehnder interferometer)E ©]-8-3F J 7 HA} AA] Al AHLS
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& AA el SR QS YT o] A|AEe AR
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H AolM a, be AR} Gy, GollA WiALE = We] A7) o 2
3]oj A~ A % (coherence degree)s &I} tolw ¢,3t ¢
7404 459 948 Yehle #5eA,

2nnd 2mnd
A A

olm, n& WHFY SHE, de A 37 2 A} (optical
path difference), A+ 24 ZAx}te] Hej1 obatolm, ¢, &= 7HA
A FHe &x R 9% A &89 14 & (phase
driftyo] ™, A¢=¢,-¢,01th. F ZHA}ol| A WALE = B2 E 7}
BRI 7= HEFHA 7 229 e 4 (1) Ho]
A Az $4 AR 3o leng o2 RE AlA
o 7k 2Eg 1y} 2x9] S TEINE e gloh 18
v 2hd AlZe] 32718 e E 32 3 6, boF F 24l
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ot T, FH7I7F & B HAA AAMY AL, F AR
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&g St
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o, =wt +
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2 nnd
Ap= ST (A= ak)
2ntnd ry—ri
= K Ae(l+1,) | —F———F 13
2 e e(l;+ 2)[r1212+r2211] (13)

ek A (110l R A& ddsta 7H4
steb vlwgtthd Aol kel 2E#HQIS
AUtk o HAAA ~E#QlE ALFE7
ol a, b 3ol mle] AA = ook sl o] gk Al
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Al & Ak F A5 A7 7F At He= +
A A E9 fide] dA st A Foln HAU He A S
Al A mell A EEles A feln=, 4l s
a b F
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lox=1(A0=2nn)=a +b,
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L+ i 11 i
= max min b — max mun ]4
a=—==—=, s (14)
T Az =27) Wake 5 M Alse] A Ak 9
A olRolAle Holma Fae 2Ash A A A
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3.1 HIME=9] MiE SEt §4 53

AEL 2xd & A3 MAEE ZA THE7] Yl 2
23 (preform)oll A} Al 2 135 um 2} 165 ume] ZFajd =
S zk:= Germanosilicate 3] -F(Ge 18 mol %, &+=+1}8}7)
QA7 AZpl A2 AAN AAAAT BHE Ak
KrF 9 A1 go]*] (Lambda Physik, AF-4-5}2} 248 nm)2} 9 A
0} 23 (1~1550 nm)E AF&3ta] A 2ekE om LED(AA~50
nm)e} F-3Z-2A 7] (optical spectrum analyzer}E ©]-8&ked A A|
tog Azte] A Ag & A5t B 37 vkt
& 2AstAh A FEH AR G, G2l Bl u
Feof| A Z+Zt 1549.3 nmeF 1546.4 nm o]t} FH L7 =
= BEke] 2EYQS rHetd, T ge] HAA =
L FE A} HE B HHE RS A on
o met e F5E £E JonR AL it uet A
gh o 7bAo] gETt A2t AR AAE S8 E
7 (fusion splicer)& o] 8310] st 0] of o) Y R3el2)
FEHL ~08dB AR HEHATH

AzE AME F 7He vlo]ZR A o]|R] Atolo] 1Al
7151 vlol A 20l Ef (micrometer-screw)& o] &3k Z4HP3k Q|
A3 g 7l 2=+ 2% (Corming)Ate] hot plateE A}
g3t WsiA e tAY 2EAE o] &3l 0.1°C &9
A #HESt 71Ee 2 ATt a9 5e AEHRIY 2%
Halel] didt F B g3e] WHslE LEDS} B3RV E
ol gste #Zgk Arjo|tt.

Oy Zol T FAF ARl Bl a9 Hee o
WHale] dair= A2 2o ~EHlH taide thanh
g 3s7] Holl AE5E FEF ARt 2B x|
A K., K= Z42F 1.3 pm/ustrain 3} 10.6 pm/'Co]T}. o] gk
3 B spe] stEE A (9% A (10)dd Y3t 2B
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3.2. DISHHIE] ZRYAE 0|28 WL ASHelo] &
Q4 B A¥e] AgE, BREAZE AT Bals
(wavelength resolution)e] 0.1 nmo| 22 FLUg ZF & & &
gom Azt met e Waks BelYe ZRE b
sict. wheba] BRE 24 Aus el 28 A7) Aste oA
719 oletAy A Al AEl(d~2 mm)e FEF AEE
(fiber coupler)Z o]-&ald FAISth 18 62 |24 vat
Zﬂlﬂ 7&”%3 A 2EHA FF Al ="olth
Z 9 (broadband source)C. 2= Y (pumpingyd o &
A 7}— 44 A} §-(Er-doped fiber)e] ASE(amplified spontaneous em-
ission)& A1831%Ic). LEDE o] §3e] FardELS B3
e A¥dE da2d F4H AxtelA wabe s Hol 3 S
71l 7 A EE DAAACt oz FE B 94
(power)7} Foksl7] wjRojm A3 FE FAe] 22 o
300 uW olth. HdAle] 3 & B2 YFF PZT(piezoelectric
transducer)el] Zro}A] A& ukAY7)(signal generator)s ©]-8-3}d

broadband source

dual-grating sensor

Pump LD

signal processing electronics
(filter, amp. & envelop detector)

a8 6. et THAAE o] &3 ~EHR &3 A 2F]
(EDF : Er-doped fiber, PD : photo-detector, ISO's : isola-
tors, PZT : piezoelectric transducer, MZI : Mach-Zehnder
interferometer, WDM : wavelength-division multiplexer)
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a9 8. ~E Q] wE HgAlse] A7) ¥t

ok 250 Hzo} §1} 13 (serodyne signal}e 718 Tt AlA
o 2E#QE 7l 7H4 4z 7] WEkE 3% 1Y
o WialA 1/5008] sAEE 7HAl= A/D ¥HE7](Analog to
Digital converter)2 Al-&3l] FdstA 43Tt

a8 72, A go] g AxPY AAE o] &ste] AR, &
Ed Qe ot Hsle Hol, 4 A s (" 7449 in-
setyeb 1ol i B Sl B3} A" Eent. £ 34
& AAto] HALE T} WAl AHEF ] Zo| Ao Foug
Azko] 0ol 7i7bglof A S8R 2R e HAELA 9
A HAZES 00] opd tha & g JHAch HAXHe &
Ag Hishd 23 AUEE B AAE 5 AS Aol
t}. o3 8L ~EHRIY W 1H Az A7] WslE A
A ZAste] 2@ Aotk 2 AHLe A (11)E
f3ted AAHE gholm HE2 AlAl F3E droltt
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ol 53 vkt o] Aef FgslA dxshe AL BEe
AR Hhgks HAazke] Aol FFoZE 0.6 nm
B3 o] Atolell 1300 pstraino] 7hsi et whebM b
1/5009] 8|4 =8 712l= A/D HME7)S o) &3l =33 4
e F Bl o 2hA 9] sl 1.2 pmoln] ~EH Qe
~2.6 pstraino| T}

2

Iv. £9| gl A&

717 g BHR AAE S8 AEel A7 gE By
3 a9 AR RE 2E4QY 25g BYsld 238 £
Ae A =S Axstch. Aztd e 7120 BHY
A Ake 22| 22 2AdA AztE FEKE o 88l
onR ko mE F Azt sy W] 2} o] B4
< & =2oM g 5] 27)WEE ol gt
HS THshed W F83 Stk £E5A0| g
S AR A9 2R oM T il zel A7)71 Wt
st ko FUF FAS ¥ ¢ gl WRelr) Algtd
B2 712 stE A5ske e g 1 A7)
9 ¥3hE He Aolnz Hrd g AR R o] &l
ol 7hssta, B H DAY BAE N Ee o
} & 5 (phase drift)ol] o JFFE 0A| grevhs Fyol 9l
O 19 89 Aste] maw, ZM3A Alale] e 2%
Befa o wig 34 AU%rt ~1.2pme] 22 o] R 0.1
om| 3 A FEE T = EFEA 7] WSt 80 vl o4
=% BUErt Fd Zlolvh MdAe) B 2 Al optical
path difference)s st AlMe] 24 Fdwe 2HE ¢
gom™ T B4 & Azl F719] Aol gsdw pe
BRE de F long o) AdE PEE T
& Aojtth. aey o]d A ¢ REsA ¥ 3L & 5 9l
= & 7] olie] & el FAAEA Hur ~E9e)
573 Wes FE=g Po] melsled Alxwlo] AA s ojo}
It m3 B A=t & ADHINE ALgslees
S 9o Hsiglol 33 AU=E HA A F 3o

3713 HAA e kA X, el b W) o)
ele] OE A e awle] £, B9 09 s} 5)
ol ofsiMe kY Alzel A7)7F e 4 glcke RAolth. o]
= A BHs] olde] BHYAE T|EgoR Hesle
P50 2 T e waeta ok =3 ol F Ao} By
9] ASE7} 1535 nm &4 oA o]5 4 (gain curve)2]
A7t Aety) w2l sg st ohE Fugle] wsle o
Ao} gqlo] & &= 9t 471%k A2 1550 om 2 o] oA
2 A o] 58 ze dg S Aoy Bt W i o)
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Novel dual-grating strain sensor signal processing technique using an
unbalanced Mach-Zehnder interferometer
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We fabricated a sensor head which consists of spliced different-diameter fiber gratings for discrimination between strain and
temperature. Because the fibers were drawn from the same preform, their temperature characteristics were the same but not for
strain sensitivities which are inversely proportional to fibers cross-sectional areas. In measurement range of 0-1500 pistrain and
20-100°C, we could obtain, by using the matrix calculation, the unknown physical quantities within 10 % of calculation error
compared with .the micrometer and thermocouple values. To improve the strain measurement accuracy, we suggest a new,
novel method which deploys an unbalanced fiber Mach-Zehnder interferometer. This new signal processing technique converts
the strain information to interference signal amplitude variation, temperature-independently. We obtained measurement
accuracy nearly 80 times better than that obtainable with the conventional optical spectrum analyzer usage.



