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tude ratio of two. The 0.1- and 0.2-W
PAs, which are in the 1:2 power ratio, are
initially combined in a branch-line hy-
brid that has a coupling value of 4.77
dB. Likewise, the combined output of
the first branch-line hybrid is combined
with the output from the third PA in a
second branch-line hybrid, also with a
coupling value of 4.77 dB. The meas-
ured combining efficiency at the center

frequency of 32.05 GHz is greater than
90% for a wide range of power ratios
both below and above two. The meas-
ured return loss at the output port 1 and
the isolation among the input ports 3, 5,
and 6 of the three-way combiner are
greater than 16 and 22 dB, respectively.

This work was done by Rainee N. Simons,
Edwin G. Wintucky, and Jon C. Freeman of
Glenn Research Center; and Christine T.

Chevalier of QinetiQ North America Corp.
Further information is contained in a TSP
(see page 1).

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Glenn Research Center, In-
novative Partnerships Office, Attn: Steven
Fedor, Mail Stop 4–8, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to
LEW-18688-1

Structural health monitoring (SHM)
is one of the most important tools avail-
able for the maintenance, safety, and in-
tegrity of aerospace structural systems.
Lightweight, electromagnetic-interfer-
ence-immune, fiber-optic sensor-based
SHM will play an increasing role in more
secure air transportation systems. Manu-
facturers and maintenance personnel
have pressing needs for significantly im-
proving safety and reliability while pro-
viding for lower inspection and mainte-
nance costs. Undetected or untreated
damage may grow and lead to cata-
strophic structural failure.

Damage can originate from the
strain/stress history of the material, im-
perfections of domain boundaries in
metals, delamination in multi-layer ma-
terials, or the impact of machine tools in
the manufacturing process. Damage can
likewise develop during service life from
wear and tear, or under extraordinary
circumstances such as with unusual
forces, temperature cycling, or impact of
flying objects. Monitoring and early de-
tection are key to preventing a cata-
strophic failure of structures, especially
when these are expected to perform
near their limit conditions.

The ultimate goal of SHM technology
is to develop autonomous (preventive)
maintenance systems for continuous
monitoring, inspection, and damage de-
tection of structures with minimum
labor involvement in real time, and in
order to prevent catastrophic structural
failure with timely service/maintenance.
The ultimate solution will include both
advanced hardware and advanced math-
ematical algorithms.

On the hardware side, a high-speed,
high-channel-count fiber-optic sensor
interrogation system was developed.
On the SHM algorithmic side, algorith-
mic methods were developed for char-
acterizing the damage from sensory
data collected over several strategically
placed sensors. 

A dynamic response-based damage de-
tection technique is relatively easy to im-
plement and offers a wealth of differen-
tial diagnostic capabilities. The basic
assumptions of this technique are that
the dynamic parameters such as natural
frequencies, mode shapes, transfer func-
tions, or response functions depend on
the physical properties across the struc-
tures. Therefore, the changes in these
dynamic characteristics can be used to
locate and assess problem areas. Smart
optical fiber Bragg grating (FBG) sen-
sors have been increasingly used in
SHM, and they could be either surface-
bonded or embedded within the struc-
tures, and form an array of sensors for
dynamic response measurement. For a
small-scale demonstration, Lamb waves
are excited by a single piezoelectric actu-
ator and captured by three FBG sensors
whose response is in turn captured by a
parallel processing FBG interrogator ca-
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The Fiber Bragg Grating/Piezo Array sensor-actuator system as a concept demonstration for structural
health monitoring.
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The Juno mission to Jupiter requires
an antenna with a torus-shaped an-
tenna pattern with approximately 6
dBic gain and circular polarization over
the Deep Space Network (DSN) 7-GHz
transmit frequency and the 8-GHz re-
ceive frequency. Given the large dis-
tances that accumulate en-route to
Jupiter and the limited power afforded
by the solar-powered vehicle, this
toroidal low-gain antenna requires as
much gain as possible while maintain-
ing a beam width that could facilitate a
±10° edge of coverage. 

The natural antenna that produces a
toroidal antenna pattern is the dipole,
but the limited ≈2.2 dB peak gain would
be insufficient. Here a shaped variation
of the standard bicone antenna is pro-
posed that could achieve the required
gains and bandwidths while maintain-
ing a size that was not excessive. The
final geometry that was settled on con-
sisted of a corrugated, shaped bicone,
which is fed by a WR112 waveguide-to-
coaxial-waveguide transition. This
toroidal low-gain antenna (TLGA)

geometry produced the requisite gain,
moderate sidelobes, and the torus-
shaped antenna pattern while maintain-
ing a very good match over the entire
required frequency range. Its “horn”
geometry is also low-loss and capable of
handling higher powers with large mar-
gins against multipactor breakdown.
The final requirement for the antenna
was to link with the DSN with circular
polarization. A four-layer meander-line
array polarizer was implemented; an ap-
proach that was fairly well suited to the
TLGA geometry. 

The principal development of this
work was to adapt the standard linear
bicone such that its aperture could be
increased in order to increase the avail-
able gain of the antenna. As one in-
creases the aperture of a standard bi-
cone, the phase variation across the
aperture begins to increase, so the
larger the aperture becomes, the
greater the phase variation. In order to
maximize the gain from any aperture
antenna, the phase should be kept as
uniform as possible. Thus, as the stan-

dard bicone’s aperture increases, the
gain increase becomes less until one
reaches a point of diminishing returns. 

In order to overcome this problem, a
shaped aperture is used. Rather than the
standard linear bicone, a parabolic bi-
cone was found to reduce the amount of
phase variation as the aperture increases.
In fact, the phase variation is half of the
standard linear bicone, which leads to
higher gain with smaller aperture sizes.
The antenna pattern radiated from this
parabolic-shaped bicone antenna has
fairly high side lobes. The Juno project
requested that these sidelobes be mini-
mized. This was accomplished by adding
corrugations to the parabolic shape. This
corrugated-shaped bicone antenna had
reasonably low sidelobes, and the appro-
priate gain and beamwidth to meet proj-
ect requirements. 

This work was done by Luis R. Amaro,
Ronald C. Kruid, and Joseph D. Vacchione 
of Caltech, and Aluizio Prata of University 
of Southern California for NASA’s Jet Propul-
sion Laboratory. For more information, con-
tact iaoffice@jpl.nasa.gov. NPO-48320
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pable of sampling each sensor simulta-
neously at hundreds of kilohertz. The
number of sensors required for damage
detection is fewer than low-frequency
techniques that can also use FBGs, such

as those based on the mode shapes of
the structure.

This work was done by Richard J. Black,
Ferey Faridian, Behzad Moslehi, and
Vahid Sotoudeh of Intelligent Fiber Optic

Systems Corporation (IFOS) for Dryden
Flight Research Center. Further informa-
tion is contained in a TSP (see page 1).
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