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USAGE OF RBER GRATING STRAIN SENM>RS 

FOR DIAGNOSTICS OF COMPOSITE PRESSURE VEKELS 

E. Udd, M, Kunzler, S. Calvert, and S. Kicger 
Blue Road Research 

376 NE 219* Avenue, Gresham, Oregon 97030 

M. Johnson and K. Mildenhall 
ATK TMokol Propubion 

Brigham City, Utah 84302 

ABSTRACT 

Single and multi-dimensional fiber grating strain 
sensors have been embedded into a composite 
pressure vessel and i^ed to determine the presence of 
damage associated with a cut tow and a Teflon tape 
defect. 

MULTl-AXlS ElBER GRATING STRAIN SENSO]^ 

Figure 1(a) illustrates a nralti-axis grating written 
onto polarization preserving fiber, which is subject to 
uniform transveree loading. In this case, the two 
spectral reflection peaks, corresponding to the 
effective fiber gratings along each birefringcnt 
(polarization) axis, will move apart or together 
uniformly providing a means to measure tiansveree 
strain.'"^ In the case where load along the transverse 
axis is not uniform, as shown in Figure 1 (b), the peak 
associated with the nonuniform transverse load will 
split.   The transverse strain gradient can be measured 
quantitatively by the spectral separation between the 
peaks. The portion of the grating under a fixed 
liansverse load is reflected in the amplitude of the 
peak. For example, in Figure 1(a) the transverse load 
along the vertical axis is uniform. There are only two 
spectral peaks m a result, and their spectral 
separation defines the transverse load. In the case of 
Figure 1(b), the transverse load has two values along 
the vertical axis, each along approximately one half 
of the fiber grating length. In this case, the spectral 
peak corresponding to the vertical axis splits. The 
spectral shift between these subpeaks determines the 
transverse load gradient. As an example, a shift of 
0.1 run would correspond to approximately 300 
microstrain. The amplitudes of the two split peaks 
are approximately equal indicating that each of the 
two distinct transverse load regions are 
approximately equal (the amplitude of the fiber 
grating spectral peak indicates the fraction of the 
fiber grating under that load). The response of the 
fiber to transverse strain is approximately 1/3 of that 

of axial strain along the length of the fiber. As a 
specific example at 1300 nm, a spectral shift of 0.01 
nm along the fiber axis corresponds to 10 
microstrain. A peak-to-peak separation of 0.01 nm 
due to nonuniform transverse strain corresponds to 
approximately 30 microstrain for 125 micron 
diameter bow-tie polarization preserving fiber. These 
properties may be used effectively to measure the 
extent and location of damage in a composite 
pressure vessel. 

Figure 1. The EfTect of Strain on a Multi-Axis 
Fiber Grating (a) When a multi-axis fiber grating 

sensor is subject to uniform transverse loadi ng 
two spectral reflections result whose spectral 

separation Is a measure of transverse strain, (b) 
When transverse strain across the fiber is not 

uniform along one of the birefringcnt 
(polarization) axes, the peak associated with that 

axis splits, providmg a means to measure 
transverse strain gradients effectively and 

quantitatively. 
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ISAGE OF MULTI-AXIS EUBER GRATING STRAIN 
SENSORS TO DETECT DAMAGE IN A COMPOSITE 

PRESSURE VESSEL 

A pressure vessel was fabricated and m\ilti-axis and 
single axis fiber grating strain sensors were placed to 
enable the detection of damage. The transverae strain 
axes of the multi-axis fiber grating smsoK were 
aligned in the plane and out of the plane of the 
cylinder. Damage was purposefully introduced into 
two locations prior to cure. In the first damage area, 
a section of prepreg tow was cut. In the second 
damage area, a piece of Teflon tape was introduced. 
The dual-axis fiber grating sensor in the area of the 
cut tow was able to clearly indicate that damage 
occurred in the plane ofthe cylinder after cure. In 
the case of the Teflon tape, the dual-axis sensor in the 
vicinity did not detect damage after cure, but it was 
able to pick up damage after the first pressure cycle. 
Impacts were made on the composite pressure vessel 
on both the cut tow and Teflon tape damage area with 
resulting changes in the miilti-axis strain fields that 
could be observed after each impact, and with 
additional changes induced by subsequent pressure 
cycling. 

Figure 2(a) shows an overview of the part in the 
process of bemg fabricated. Figure 2(b) shows the 
placement and orientation of a single and dual-axis 
fiber grating stram sensor. Figure 2(c) shows the 
placement of a Teflon tape defect relative to the fiber 
grating strain sensore in this location. 

Figure 2. Fabrication of Composite Pressure 
Vessel (a) Part, (b) placement of dual-axis fiber 
grating strain sensor in prepreg tow on the first 

liellcal winding and a bare single axis fiber grating 
strain sensor orthogonal to it, (c) introduction of 
Teflon tope defect near the single and dual-axu 

fiber grating strain sensor. 

Figure 3 shows the spectral profile of the dual-axis 
fiber grating strain sensor placed near the area of the 
cut tow damage site in the pressure vessel. In this 
case, prepreg tow alignment elements were placed on 
either side of the fiber grating but not over it, so the 
dual-axis fiber grating was integrated directly into the 
composite part. Before cure and completion of the 
composite pressure vessel, the two spectral peaks 
corresponding to the two transverse axes of the dual- 
axis fiber grating strata sensor are undistorted by 
transverae strain gradients. The short wavelength 
peak is aligned in the plane of the cylinder while the 
long wavelength peak is orthogonal to it. After the 
cure, significant tiansverse stram gradients appear on 
the short wavelength peak corresponding to 
transverse strain gradients in the plane of the 
cylinder, in the direction of the cut tow. Of the sis 
dual-axis fiber grating strain sensors placed in the 
part this was the only one exhibitmg this type of 
behavior. 

1ZW.B- Ta»5   IWJ.©   13 

(b) 

Figure 3. Aligned Dual-Axis Fiber Grating Strain 
Sensor Placed Bare into the Composite Pressure 

Vessel Near the Area of the Cut Tow Damage Site 
(a) Before cure and (b) after cure. 

Figure 4 shows a sequence illustrating transverse 
strain gradients on a single axis fiber grating strain 
sensor near the Teflon tape defect through the first 
pressure cycle. 
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Figure 4. Sequence of Spectral Profiles 
Sequence of spectral profiles from single axis 

liber grating strain sensor placed bare into the 
part approximately 2.5 cm from the Teflon tape 
damage site during the first pressure cycle (a) 0 
psi, (b) 666 psi, (c) 1000 psi, (d) 666 psi, (e) 333 

psi, and (f) return to 0 psi 

These transverse strain gradients are locked in after 
the cycle is complete. Because the fiber grating is 
single axis the direction of the damage is not known 
and information for both out of plane and in plane 
tramverse, strain gradients as well as possible axial 
strain gradients are intermixed. When the damage 
sites around the cut tow area of Figure 3 and the 
Teflon tape area of Figure 4 are impacted the 
resulting damage releases the transverse strain 
gradients and eventually the fiber grating spectral 
profiles move back to their unloaded state. 

SUMMARY 

The ability of single and multi-axis fiber grating 
strain sensors to detect cut tow and Teflon tape 
defects in a composite pressure vessel have been 
shown. The multi-axis fiber grating strain sensors 
have the ability to indicate the direction of damage. 
Additional work is beiag piusued to refine and 
extend the abflity of multi-axis fiber grating strain 
sensor arrays to accurately measure and localize 
damage in composite parts. 
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