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Distributed Real-Time Monitoring of Residual Stress During Packaging
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Abstract A {lexible fiber bundle shape sensor with a thin diameter and its glue injection packaging device are designed.
By the distributed strain measuring technology of an optical frequency-domain reflectometer, we experimentally explore
the influence of the glue material and ratio on the generation, accumulation, and distribution of residual stress in the
packaging process of the sensor. The experimental results reveal that the cross-linking reaction of glue makes the residual
strain gradually increase with the curing time. Moreover, for the three optical fibers in the shape sensor, the accumulation
of residual strain with time and the spatial distribution of residual strain along the fiber axle are consistent. After about 16 h
curing reaction, the residual strain of the three fibers reaches the maximum and remains stable in the range of 80-100 pe.
The research results minimize the residual strain during the packaging process of the optical fiber shape sensor and lay a
foundation for high-precision shape measurement.

Key words fiber optics; optical fiber shape sensor; optical frequency-domain reflectometer; residual stress monitoring
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C1-2: coupler1-2;

PD1-2: photodetector1-2;
PBS: polarization beam splitter;
PC: polarization controller;

DAQ: data acquisition
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Fig. 1 Diagram of strain sensing system based on optical frequency domain reflectometer

T SR AT P A B AR 4 (TFFT) , A5 8 4% I &
) Bty I IR G o B A X AR N AR W A 3 R RO O
T UEAT A OCas AT B K R & I 1 A R R
Ap o HA BRI W LS BRI G £F 14 43 A X AR
Wt o Sy 7 i R AR 0 SR R R ) Y 5 2 TR) 43 BE
B SLEG IR B OGS M E R N 40 nm/s, REF
SRAEWE[R] R 0. 41 s, X5 W19 380k &8 1 1598 B /N A
16.384 nm, I &5 3k 4 ) A 25 )R B BER
47.684 pm. B INE & A 2000 A BHE L AHAR 2
) 55 % 80 %0 , X I A A& SR A 43 BER 29 19 mm. %
A1) 4 BE R R T FBG H IR o o3 AR A% AR 1) 4 B
SR X B Sl i A T DR B A 4 U A R 1
WA BE R 8 pr, HXT R B 0L A I R 24 6 pes
FR G011 245 (8] 4 B 2 0 7 2 0 £ K R A% W o A 3Bk
2% IO AR ) R
3 LI AR AL B 0 A R sk

IR
3.1 BRERSBOETRHETE

BT T —Fh A2 R A 2%, H 25/ an &) 2
()i . BHREESRK 1 m, HEHN2 mm, %15 K
fir ok B R 1 mm R IEIRICIL B 4 22 (SMA)fE
JEERE, 3AR ELAR R 250 pm Y BB 2T i IR 120°45 (8]
B o A 7E SMA LA B Bl . SMA B3 2 5 RE Pk &=

3: adhesives (R=1 mm);

i\ 1: substrate-SMA (R=0.5 mm);
'/ 2:single mode fiber (R=125 um);

4: hot polycondensation pipe
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Fig. 2

Structure and packaging diagrams of shape sensor. (a) Structure diagram of shape sensor; (b) schematic diagram of packaging

device (inset is enlarged view of substrate-optical fiber positioning part)
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Fig. 3 Residual stress monitoring experiment device for curing of different glues
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Table 1 Material and proportion of three kinds of glue

Mass
Glue . . .
Glue type (resin) fraction ratio
number
of AtoB
=1 JH-5582 (slow drying soft adhesive) 1:1
=2 Kaft K-9761 (soft glue) 2:1
#3 Crystal glue (soft glue) 3:1
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Fig. 4 Monitoring results of fiber optic residual stress during curing process of different adhesives. (a) Monitoring results of residual

stress during curing of No. 1 adhesive; (b) change of residual stress with time when three glues are cured
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(a) Accumulation and distribution of residual stress in

packaging area; (b) variation of residual strain with time at a certain point in packaging area
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(a) Keep shape sensor straight; (b) bending deformation of shape sensor;

(¢) reconstructed three-dimensional shape of sensor

Fig. 6 3D shape reconstruction of shape sensor.
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