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Sensitivity Analysis of a Mandrel Type Fiber Optic Acoustic Sensor
Using an Analytical Method
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ABSTRACT

In this paper, theorctical acoustic sensitivity was derived to describe acousto-optic transduction property of the mandrel
type fiber optic acoustic sensor with respect to extemnal acoustic field. The acoustic sensitivity was analyzed in relation to
both material properties and geometrical influence factors of the constitutionai parts of the sensor, analytically. Validity of
the theoretical results were verified through comparison with the finite element analysis results. The variation trends of the
sensitivity of the semsor in relation to the studied parameters showed good agreement for the two analysis methods.
According to the results, it is considered more economical to design the basic structure of the semsor with the analytic
equations developed in this paper, and then to carry out further detailed analysis with the finite element method for
specific points of design interest.
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Fig. 1. Schematic structure of the fiber optic acoustic scnsor
with a concentric composite mandrel.
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Fig. 2. Simplified model of the fiber optic acoustic sensor
with the concentric composite mandrel (1% layer: the
mandrel, 2 layer: the foaming, 3™ fayer: the optical
fiber, 4" layer: the molding, L: length of the
mandrel, ;: radius of i layer, i = 0, 1, 2, 3, 4).

a3 29 vehd 12 FIUEY We=dg dvjg
3, 2MEe EYRS, 3U3L Y 5L 4o 29
& oviech vieb Sl ol WA B 1M5,
"% R 2¥%9) Ado] $dsivkn AR, IR 2%
AU WEYY F-SPUNd AP 9E 2L e

92 B F sk 28D 1% AFs 2¥5e Aol
9% 24 sz THY 3T S4REA 29
d 9=d3 2-$FANE vehd 4 AUt

B AN 1'% ¥ 2N 44 S9N @dAlaR

FAEG JPgEAc =0} S6Y ® mHEos 3
A8 FAFO"DHe d=8n Sds] Agsol Udm,
23 vz 5ols d A SAARE FEee gt
EF lmm FQ Etdg A5E Eds@txies
AHRkE, AME 24 FP4eieln sHysig aeln
Heigte] SFPAE7E AA o) YAske H4= z‘z"é
sz, AMERE ddsle SN E A |
A9 Agste AH 2 YAk L s ] ?}a*al
Tdstn, B¢ 712 AF A™zn A Folq
ol g Bdbe Zalstgct

2.2, Ol&H 3y

WMEdy SRAA AR FFAEA ArE A
°oi]

wYsl Aok F-2PAAe U FEE dehis
R

%=A/‘-h[ﬂu*zs + Hp#{(Leg+ 2, ] (1)

]

oF

o el Yrhe] At U A g Pog ¢
< Avlstm, I n, 5 e 22 F4 {9 o], 2
T 3 2 HES ARS mdath 4 (1)el|A a‘
UEol, N=EF F 3kiMel ZEe BHgo o
AEoeRE AdsEn, FHdfe WYL 4R *“*1
AREe AF 2 g AHY BAE A2 gk

ARolA QAEE SN FO) Fgo] P-gaFAM 9]
ARt "4 2 He9 A FAF Ao T 1
HY A9, Aol - Asstn, Wd=dF
-5 gFHo2 AR Aoy wein
.3 ,?-_ Alon’-' z_} B]i:loﬂ q]vl, )\-]'84 %MQIEA 7.,1%
g 4 Uk m3 BHRE deysn Sl A
Ak JHgEgens FHfe W=de gFEuare
HET AT & el WYL etk aHnz AN
Wee] 88 o WY AHESo| dideln, HRAY A
A it A BA2E Agald 9y Sakalse ol
Ffre AP EE AN ok J8ln A=Y -
A 2T el 4 ()& Aeste SEas
& Mg ez 3 § ok

olAAQ F-a1F SHEXE 2tn, HUWE Az
EMcte Z&Hor REY Yolo 2 Add i

4 nqo 4r £4°



94

WE VY JAE vehlles AP, s X
% SHEE ALY 24,

rar

( 3% +_.L_.§... )(_6_&4__1.@.{.—&-%7?‘:):0

r ar
2

B 2o AAzAE Aestd AF $FN0) dg B
ol WEHE £, oAY EA9 H& ¥ & 3tk
ddes FHIsE r X 09 oA, F-uiA
SHEXE e A% 0 r e g2 5Usy, §
Yol gut e

X(») = Alogr+ B logr+ C/+D 3)

st 227 HE W4 A, B, C, DE AAZALZREY 7
drolok Wtk 2T WA $Y (o) R ANRY
38 (0p® 2AWFMOHE ANE # Uk

$94 YAARe) NUL-$Y BAIIzLy 23
AU e WARY L AP HPE HEL
22}

€&,

-1
E
=L
E

€9

[—:%(1+y)+2a1 y— 2%)]
[ %(1+u)+2€(l—v—-2uz)]

o Zm;, BEdy do Fe, Y [8e 48

=0°lt}. A7IN Ex @4EL, ve ZF Plot.
oEin kel AYAR we WY HYe 4
+ AR 7Y ¢ A3,

u=fe,dr= re,=—11§[—4;(1+ v)+20[1—v—v2)r]
&)

4 2ol Yo Ak

2 29) Jepd ey F-SFMe 449 Fos
FAEC Qi 7t 3oich A R Co AR AE T3
of 3fmg ¥ 87fol njA 7l EAYCL Bty F-2F
Axel &8, AYL, WA A& AU A5 oS
& 87)ef BAxA0] Badir.

@ A4 BEW: o, - FY AEY AF ) WHA).
® X F% g, = 0 (I7] BFH).

® & 3o BA: o, & A5 G BB

® Z 39 BA: wx A% GA FH.

olg RAxAE =5 AEdd, 2 F9 0AeA 4
R CE B3} Y19 AT [Q), 2z 9% S9e

A3 A

BRAFFEREI H19% H3IH(2000)

EQse P12 FAGE 4 69 98 wEAE AL
7 A8k FEag shs viAF YEY (Yie Q10 9
S F3q A DI Zo] AAFE F Utk A
(Y} 8x13€2 YehiolAz, 4 2 €9 ol 1, 2,
3, 45 22t 29 29 SFAME TS 1S, 2V,
32 4%232 Jed Aotk 183 PIE sx1YYUR B
e 3, [Qic 8x 8¢ =2 T}

[QUY)=(P) (©)
(N=(Q"'[A )

7N, (YI=[A, C, A, C; A3 G A, Cq]r

(A=[-P000OO0O0O]T
ojc}.

HRNE Al FAxdE 383 Y3 Ag4e 59,
A=y F-SPAMY BPF Fod AP oixleg HE
4 C & 2383, 4 O25H PR Ay
& RS ARX}T £ 9k o] ARF A (1)d) ddEd
Aol FIAEE AL + UG o)FA AuE d=
@y F-3gAx) ARAA AEE

EL —~‘§2’—(l+v,}+ 2C,(-v, —2v§)]
3L

1[4
7, E_g[f_;(l +v ) +2C,(1-v, - 2v§'):|

114
> E—[r—g(l+v,)+2c3(l—-v,-2vf)]
3

1[ 4
+ E}'[_ ;-;-(l +v,)+2C,(1-v, - :w;)]
@

s} 2 a2z F-SFAMe AEF dBUIERE:
So=17ad/pPa)2 ENE 7+,

S=Mog3- ©®

3} 2ol Yehd 4 ok

PPy B-FFAxe =BG @ 4 UKo,
BARY B¥E JES T SUV=E AN
Ax;, BERe AFE 2L AAAA, F FEARES
AL R B3 DEE JAE AT AR A TE,
1T WEYY B-TFAAE dAN] A 7
e AR 2L FYAs] TWAEFE I
F RES BHR VR JEL K230l gt 2
B2 & AFdAE H0)s ol 8dq FAR-F R,
3 3R BHEF A S A FAAE BAET,
SRR B IR, AR AP R A P2
& dAgn4 gt



AYH Pl o ¢ F=IY F-2RANY FESY 2y

). SHA% WOl Qs Z-SBMAMS) =Sy
&4

3.1. 4zl pi=gl

g =T ol8H SYUE 2 (9E Al U
WELY L-2 A FPAA] w2 3 Axe] w
g ¥4%t1, 2 BEAQ fNA3S 3y 39 39 49
vehligleh. 4714 2Eg 43 W5 9o, 3ys
o] §dE 9 Zog vjoln, BPASE oY o 2
2339 FA0n.

O3 3. HMA ez RAUY AUH W=7 T4
o PgEEY

Fig. 3. istribution of the sensitivity of the cylindrical mandre!
type acoustic sensor without molding using the
analytical method (Lm » Scm; Dm = 3cm; Dar
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Fig. 4. Distribution of the sensitivity of the cylindrical
mandrel type acoustic sensor using the analytical
method (Branwer ™ 1 GPal Vvt = 0.3; Enoiging =
0.1 GPa; ¥ moiding = 0.4).

2k

i1
1o
%

WEdel @4g 2 Zold ve| Be g

&}
e 39 39 UMD, B95e) TA9 muo) v
ol vehd

Ause] R Y=} WSS a7 4 Ehd
o 47)ely @ 4 glRel, MEY B4 g0 P42,
Zop W7} YEER SUYREE PUsE AWPL B

95

AFn Utk aEl:m Ze HgE 049 BE B @4
&% 72te WSy =g HiJF Zr)e) wep et
=0} FaZo| Frkdle Aoz $ANct TH wied
9 Wtgol FEFE S ZE Frbetdan, B ae
FAZL 2mm7AA] okl Wt S¥REE AS 20
€ A2z EYEU.

3.2. 85 S4SHUA Aalr we=g

B BNAS, Az B pHsle] d2aF
Abh, Jd&nylon)S Wy gz NYsln, ¥y
FREFAE FAAN $T 2AEE dads &
FARZ ol gslaA} stk B-LAME BAE, wiS
g, INg ¥ 293z TG B8 s
544 dgE T ITRE d=dy 43, 93,
2o, 54 R XuZe] B Folth T AAuse
EYE, 2959 d4e 2 =9 v 52 n2isiech

TT FAEUA QAW A=Yy WA e] A
Uaboll whE SRS MMsty, 2 WEHA SHxZEH
€ 28 558 I9 87pA) Jehigich 2¥ s2e) ol
THA L QXA B3 SRojF 23RN Adh)
e FAEe WEgE Jehd Aolm, 1Y 8L 33
YL@ 35T dUe v g o wig
E bl Relnk

0 5. HAE WHeR BAT FF Al 24EYH oYY
B-2YANe HERE

Fig. 5. Distribution of the sensitivity of the fiber optic
acoustic sensor with the Al concentric composite
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mandrel using the analytical method (OD = 7cm;
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Fig. 7. Distribution of the sensitivity of the fiber optic
acoustic sensor with the Al concentric compasite
mandrel using the analytical method {Eroeming = |
GPa, Vijaming = 0.4; thickness ratio of Al 10 the
foaming = 1/1).
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Fig. 11. Sensitivity vs. ID/OD of the fiber optic acoustic
sensor with the Al concentric composite mandrel
using FEM (Lm=7cm; Efoaming = 1 GPa; v
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Table 1. Variation trend of the sensitivity of the mandrel type
fiber optic acoustic sensor in response to design
factors from the amalytical method and the finite
clement method (FEM), respectively.

(a) Cylindrical mandrel case

Influencing factors Analytical method FEM
the smaller, the smaller,
Mandre! | Youngs modulus the higher S the higher S
Poissons ratio " i
. the higher,
Radius the higher S Constant S
- the higher,
Length the higher §
Molding the smaller, the smaller,
layer | Youngs modulus| 4 Crioher S | the higher S
Potssons ratio « "
. the higher, the higher,
Tickness the higher S | the higher S

REESFEE K198 H3P(2000)

{b) Concentric composite mandrel case

Influencing factors Analytical method FEM
Foaming the smaller, the smaller,
layer | YOungs modulus| 4/ igher S| the higher S
Poissons ratio
. the higher, the higher,
Tiickmess the higher S | the higher S
A:m Inner diameter
Outer diameter Constant S
Length -
Nylon . the higher,
mandrel inner diameter the higher S
Outer diameter Constant S
- the higher,
Length the higher S
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