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TheM odel and Sim ulation of Antenna-Shaped Optical F ber Sensor

LiQiongwei LuH aibao
(Depariment ofM echatronic Engineering and Instrument NUDT, Changsha 410073)

Abstract The reflective itensity-m odulated optical fiber sensor form easurng displacan ent the
an tenna—shaped op tical fiber senso ¥ is usually com posed of a fiber bundlew ith the em itting and receiv—
ing fibers in a specific arrangem ent at the probe tip The three elem entary types of fber arrangem ent
are concentric distribution sem icircular distrbution and random distrbutbn In can parison w ith the
size of the optical fiber sensoy the thickness of clad and binding elem ent of the fibers is so snall that
it can be ignored Them athem aticalm odels of them odulation function for the single fber couple com—
posed of both an em itting fiber and a receiving one are presented A fter analyzing the distribution of
the fbers inside the optic fiber sensor by using the geom etric and statistical theo ries the generalm ath—
em atical m odels of m odulation function for the three types of the sensors mentioned above are pro—
posed A nd all the m odels are smulated w ith com puter and all the simulating results are briefly ana—
ly zed.

Keywords optical fiber sensor intensity modulating m odulation function, mode] sinulation

( FOS)
. . FOS 1
o, 0. ri NA
: 6, (r, NA1) FOS o,

*1997 6 20
: s , 1972



80 1998 3

(CT1) (H) (R)
1 FOS
0'.= Tilp.(r,NA1) (1)
T , b .
o,= fiRo . (2)
S . R
o = fo; (3)
e d r3 NAs p
o,= T200 (4)
T , b
o,
M .= = T2Lff \RT 1l (5)
TWLTbR= 1 (6)
M= fif (7)
(1) ) ,
(2 ) ) d,
ri, N A, ra, NA -,
p 5
FOS N r N A M ra NA2
FOS , ,
FOS MX N
FOS :
Fe= No. (8)
My
F.= 2,0, (9)
= 1
[ . FOS
MN

M= F, F.= >, 0, /(No.) (10)
= 1



81
[14]
; FOS , FOS ,
; FOS
1 . FOS
FOS pao
, . FOS ;
FOS . , FOS
(d, 0y), (hy Onn)
FOS,
d= 2rmi (i= 12, k) (11)
k= [ Ri-r) /(21)]) R FOS
0i= jA0; (j= QL--Ni) (12)
Ni= (2€00:), A0i= arccos{[d+ & = (2r1)"]/(2d)}.
d= Ri+ 24 27m (m= Q1L-,0) (13)
Q= [ (R2=R1) /(2r2)] R: FOS
Owi= n 80, (n= Q L-,Mu) (14)
m= (20A0,), 80, = arccos{[d+ & - (22)*1/(2d))
FOS . ) FOS
) r=ry NA=NA2 M= N )
FOS , FOS
FOS, FOS, ;
paimm = &+ & - 2dd cosO@j - On) (¢g= L 2-,MN) (15)
FOS , FOS
2 FOS
, FOS , ) r=r2, NA= NA-
M= N. FO S \ (d, 0;)
(d, Oun) , (d 05)  (d, Oun)
B Pa 9, B
(d 0;)  (d, Oun) . FOS ,
(d 05) (d Ou) : F
(D ;
(2) (dy 0y) (Ghy Omn) ;
(3)
, FOS ,
, (15)
P, @ ra,
s FOS 3 <9 >, .

FOS



82 1998 3

Fr: CV}C'\{<®N[>: MN<®rq> (16)
F.= No. (17)
, FOS
M.s: Fr”?ez (]W<®rq>)¢e (18)
3 FOS
AT, N O |
< AL} >
R 1
H
d
d
2 FOS
( ) 3 FOS (
2 FOS )
A AL,
1 2 3
3
1
2
o -—
5 FOS (NAs<NA,
4 FOS
< NA1) ) 2
( , FOS R2< Ri1<R3)
FOS )
2> 5 s FOS .
2 , + FOS , FOS
. FOS , 5
FOS ) . s , FOS
3, 1 2 FOS . , FOS
2 2 2 ( )7
FOS . ( ),
4 , FOS FOS s FOS



83

5 NA FOS NA
, ) NA FOS
4 FOS
FOS , ,
FOS ) FOS
) ) FOS ,
486D LC ,
(1)
FOS
(2) : IV , ,
(3) ;
, FOS FOS
6
1
NA (mm)
CT1I 30m Q 56 50 /m 100an : 4 : 3
H 47 m Q0 626 48% 75an ;4
R 47 m 0 626 48 /m 75an : 4
6 FOS ,
, FOS FOS
FOS “0,
i
L U T
b S
L s
6 FOS
( .
5
2 6 ) FOS ,



1998 3

84
. FOS R .
FOS . N s , .
FOS , , , FOS
o FOS s
FOS > FOS .
1 , L TITANRTA TR e . , 1974 40 (2); 13~ 18
2 , . TTAN D . , 1981 47 (3): 74 79

3Cook R O, Hanm C. W, Fibre optic lever disphcen ent transducer A pplied optics 18 (19): 3230~ 3241

4Zhao Zhiqang LauW. S A bertC. K. Choi ShanY. Y. M oduhtion functionsof the reflective optical fiber sensor for specular and
diffuse reflection O pticalEngineering Vol 33 (9): 2986~ 2991

5KissingerC- Fibre optic kverdisphcan ent sensors and autan ated reflectance com pensation immprovements FOC/LAN 83 the Seventh
Intemational Fber Optical& Canmunication Exposition. 1983 300~ 304

6 LeoHoogenboan, G regory Hull- A llen, W ang Steven. Theoretical and experin ental analysis ofa optic fber proxi ity probe SPIC,

FbreOpticand Lasers SensorsIl , 1984 478 46~ 87



