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A Smart Composite Structure System of Self-Diagnostic and
Self-Adaptive Strength

TAO BAOQI SHILMHUA XIONG KE LIANG DAKAI YUAN SHENFANG
(Research [nstitute of Smart Matertal and Structure Nanjing

Untversity of Aeronautics and Astronautics. Nanjing 210016)

Abstract A smart composite structure system with embedded sensors and actuators is
developed to realize the function of self-diagnostic and self-adaptive strength. Sensory
systems employing optic fibers and piezoelectric elements are investigated. A frame type
Shape Memory Allory(SMA) actuator is designed. The smart system can identify loads
and damages of the structure by using artificial neural networks and initiate adaptive
control to the embedded SMA to improve the structural strength.

Key words composites, smart structure, sensor, actuator
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Research on Some Problems about Optic Fiber
Embedded in Carbon Fiber Smart Structure

L. DAKAL H. MINGSHUN, T. BAOQI and Q. HAO

ABSTRACT

The carbon fiber composite which is provided with the characteristics of high
intensity and lLight weight is wildly used in the aeronautics and astronautis
industries. The research of the change of optic characteristics of optic fiber after
being embedded in carbon fiber composite structure is introduced in the paper. In
the manufacturing process of carbon composite structure, the optic fiber
embedded in structure will endure high pressure and high temperature. The harsh
environment will effect the optic characteristics of optic fiber. The stability of
optic fiber sensors in smart composite structures will be effected. In the second
part of the paper, the research of a kind of optic fiber self-repair composite
structure 1s introduced. In the structure, the adhesive liquid core optical fibers are
used to made up the self-repair system and the shape memory alloy network is
embedded in the structure, it i1s good to improve structure’s strength and quantity
of self-repair.

INTRODUCTION

Carbon fiber composite which possess characteristics of high strength and
modulus, lightweight and high resistance to fatigue are widely used in aeronautics
industry. In military planes, the weight ratio of carbon fiber composite in whole
aircraft structure has increased from 2% (American’s F-15 fighter) in 1970’s to
35% (American F-22 fighter and European EFA fighter)'". At present, the carbon
fiber smart composite in which the functional components such as optic fiber,
shape memory alloy, piezoelectric crystal, were embedded is one of the important
research areas of the “Smart Material and Structure”.

In order to put carbon fiber composite into use, we have made some
preliminary researches on it in this paper..

Liang Dakai. The Key Laboratory for Sman Matcrials & Structurcs. Nanjing University of
Acrox_n;nuncs & Astronautics #29Yudao Street, Nanjing 210016, P.R. China.
e-mailitbgemt@public] pu js.cn
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I. CHANGE OF OPTIC FIBER’S OPTIC PERFORMANCES AFTER IT
WAS EMBEDDED INTO CARBON FIBER COMPOSITE.

The optic fiber can be used and reserved at temperature range from 45°C to
80°C and at ordinary pressure. But, in the curing process, the carbon fiber
composite must endure the 0.4-0.5Mpa’s pressure and 100-200°C’s temperature,
which would make some influence to the optic fiber’s optic performance when it
is embedded in the carbon fiber composite. In order to study this influence, we
have done some experiments to research on the optic performances’ change of
optic fiber embedded in carbon fiber composite before and after the curing.

1.1 Selecting of optic fiber’s type and testing parameters

There are several optic fiber sensors which can be used in carbon composite
structures, and we can make these sensors with many kinds of optic fiber as singe
mode optic fiber, multiple mode optic fiber and polarity keeping optic fiber. For
the multiple mode optic fiber the curing of carbon fiber composite has almost no
influence on its optic performance because it is usually used for transmission light.
Therefore, we select the single mode optic fiber and polarity keeping optic fiber
as research objects and do some experiments to study the changes of their optic
parameters before and after the carbon fiber composite structure cure.

The single mode optic fiber and polarity keeping optic fiber have many

optical parameters such as attenuation, dispersion, cutoff wavelength (1, ), mode

field diameter (MFD), numerical aperture(N.A), section shape, extinction ratio
( 1) Among these parameters, the attenuation and dispersion mean depression of
light intensity and development of wide light pulse after the light transmits a long
way along optic fiber. Because the length of fiber-optic used in smart composite

structure is relatively short, we select A, MFD, N.A and n as test

parameters'?!

A, 1s one of the intrinsic parameters and the most elementary parameter of

the single mode optic fiber. From the fiber-optic transmission theory, we know the
number of conducting mode is related to the value of the normalized frequency V.
In order to guarantee the single mode transmission, we should make the value of
V small enough to reach one value which just cuts off the high-order mode LP, to
transmit the fundamental made in optic fiber. The value V_ mentioned above is
called normalized cutoff wave length of LP,, and defined as:
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[ = i” nya~2A (1)

where, 1 is called 2, of optic fiber. Only when the value of working
wavelength is greater than that of 2 . the single mode transmission can be

guaranteed. Thus, the 4_ determines the ranges of light wave length which can

transmit as single mode. The value V_and the refractive index distribution are
related each other. When the refractive index distributions are different, the values
V. are different too. For instance, the value V_of the step optic fiber is 2.405.

The light field strength of the basal mode in single mode optic fiber has a
certain distribution in fiber-optic section and the light power is restrained in a
certain range in fiber-optic section. MFD is a physical parameter which is used to
evaluate this range. From MFD, we can get the parameter of equivalent step fiber
and estimate the connecting losing, bending losing, micro-bending losing and
dispersion of single mode optic fiber. So, MFD is a very important parameter of
single mode optic fiber. #

The N.A of optic fiber is a parameter which expresses whether the optic fiber
is easily to be excited and the optic beam is easily to be coupled with optic fiber.
It and the computation of optic fiber’s transmitting coefficient are related
intimately and the width of fiber-optic transmitting strip is influenced greatly by
N.A. Meanwhile, it is an important parameter of multiple mode optic fiber We
can evaluate the influence which multiple mode optic fiber undertakes in the
process of carbon fiber composite curing by experiment it

Polarity keeping optic fiber is a special single mode optic fiber. It only
allows the polarized mode which is identical with the main axle direction to
transmit through it. Thus, what determine the optic characteristics of optic fiber
are not only the parameters identical with the ordinary single mode optic fiber

such as MFD, 2_., but also the parameters which determine optic characteristic

of polarity keeping optic fiber such as birefringence, beat length, extinction
ratio(n)). Among all of these parameters, the extinction ratio is simple to be tested
and can well reflect the optic fiber ’s capability of polarity keeping. Thus, in
experiments, we test this parameter, too.

When the polarized light is coupling into polarity keeping optic fiber with
the direction of polarized mode HE, ", and transmit along the fiber, the HE,*
mode will appear at the outlet end, which means the polarized state changes in the
transmitting process. The 1 is used to express the change extent of polarized state,
and is defined as
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*1) The first and second tests are tested before and after composite was cured.
2) The roots of sample 5,79 break after the carbon fiber composite sample is
solidified.
3) Cutoff wavelength tested range from 0.4 to 1.6um

Table 2: Experimental Results Of Polarity Keeping Optic Fibers

Number | Type(n | Testing A, MED( 1 m) n(dB)
) il Time | (1 m) X1y
1 13 First 1.1156 | 6.66 6.58 396
Second | Don’t 6.68 6.65 36.6
get
’ 13 First | 1.117 | 665 659 393
Second | Don’t 6.65 660 37.8
get
3 1.3 First 1.1157 | 6.39 6.33 39.2
Second | Don’t 6.40 6.37 370
get
4 08s | First | 0789 | 584 435 25.6
Second | Don’t 477 4.64 25.1
get
< 085 First | 0.8158 | 4.26 423 271
Second | Don’t 434 434 25.6
get
6 085 First | 0.789 | 420 4.58 295
Second / Yy /

*1) The first and second tests are tested before and after composite was cured.
2) Cutoff wavelength tested range from 0.4 to 1.6um
3) After the sample is solidified, the root of fiber-optic sample 6 breaks. Other fiber-
optic samples all break at different positions, which makes the length of fiber-

optic samples vary from 1.2m to 1.8m.

Table 3. Experimental Date

Numbe Type( u m) Testing Time ,{c( H m)
r
1 0.85 First 0.8175
Second 1.510
= 9 0.85 First 08173
i Second 1.558

*The first and second tests are tested before and after composite was cured.

From Table 1, we know that the single mode optic fiber’s 1_change greatly

after carbon fiber composite is cured. In order to study it further, we take two
single mode optic fibers of the type 0.85um and lay them in a hot-press pot to

————— _
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endure the curing process with the carbon fiber composite together. The optic
fibers endure the high temperature and pressure during the curing process, but
they are not embedded in the carbon fiber composite. After the curing is
completed, we test them again. The results are shown in Table 3.

1.3 Discussion

From the limited experimental date, we find that after the carbon fiber
composite is cured some of the optical parameters of optic fiber have changed.
Now we discuss them by turns:

1. Cutoff wavelength (1_):1_ is a parameter which changes most among all the

parameters. After the sample is cured, we scan it in the range from 0.6 1 mto 1.6
im, but can not get this parameter for any samples. There are only two
possibilities. Firstly, it is possible that great additional dying out has been made in
the forming process, which make LP,, mode cut off already. We observe the
output faculae radiated by the laser of 0.6328 1 m and found dark lines in the
faculae which are the multiple mode faculae. So this suppose is wrong. The other
possible is that the cutoff wavelength deflects, which converts the single mode
transmission to multiple mode transmission and leads to the instability of sensor
performance. The reason why cutoff wavelength changes is the mutation of fiber-
optic coating's performance under the high pressure and the temperature. The
environment soften and then reshape coating layer, which will generate great
internal stress in coating and fiber core. Thus, great additional losing is generated,
which leads to the change of cutoff wavelength.

2. Mode field diameter (MFD): This parameter has a little change before and after
the test sample is formed. But the mutation amplitude is small and has no order.
So, the process of carbon fiber composite has little influence on this parameter for
this optic fiber.

3. Numerical aperture (N.A): From the test results, this parameter almost has no
change at all.

4. Polarity keeping optic fiber: The test results of polarity keeping optic fiber and
those of single mode optic fiber are similar. Because polarity keeping optic fiber
is a kind of special single mode optic fiber, what we research on the performances
of single mode optic fiber is suitable for polarity keeping optic fiber. The
extinction ratio n changes decline in different extent before and after carbon
fiber composite is cured. The nis in reverse proportion to the length, that is, the
optic fiber is longer, the n is smaller. After the composite is cured, the length of
the optic fibers is shorter. So the decoration of the n is more badly than what
the experiment results have shown. That is said the curing of the carbon fiber
composite will influence the polarity keeping optic fiber’s optic performance.



