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1 GENERAL INFORMATION

The following instructions refer to the installation procedure of FS62PSS Patch Strain
Sensors, FS62PSR Patch Strain Rosette and FS63LTS Laboratory Temperature Sensors.
These sensors can be delivered individually or in arrays of sensors preassembled at HBK
FiberSensing facilities.

Material Numbers

Strain Sensors

Strain Rosettes

Temperature Sensors

K-FS62PSS

K-FS62PSR

K-FS63LTS

1-FS62PSS-1510

1-FS62PSR-3505

1-FS63LTS-1515

1-FS62PSS-1520

1-FS62PSR-3520

1-FS63LTS-1525

1-FS62PSS-1530

1-FS62PSR-3535

1-FS63LTS-1535

1-FS62PSS-1540

1-FS62PSR-3550

1-FS63LTS-1545

1-FS62PSS-1550

1-FS62PSR-3565

1-FS63LTS-1555

1-FS62PSS-1560

1-FS62PSR-3580

1-FS63LTS-1565

1-FS62PSS-1570

1-FS62PSS-1580

1-FS62PSS-1590

1-FS63LTS-1575

1-FS63LTS-1585

1-FS63LTS-1595

Sensor Arrays

K-FS76BRD

1.1 Environment Considerations

1.1.1 Packaging Disposal

The packaging of this equipment is designed to protect it from damage during trans-
portation and storage. It is also made of materials that can be recycled or reused, in
accordance with the European Union’s waste management regulations to minimize its

environmental impact.

If you plan to move your equipment to different locations it is advisable that you keep the
original package for reuse. This will not only grant proper protection for transportation,
but also ensure the reduction of waste creation.

Packing boxes include a label with information on the materials used on that specific

package.

FS62PSS, FS62PSR, FS63LTS
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HBK FiberSensing SA FiberSensing by
Via José Régio, 256 am
4485-860 Vilar do Pinheiro, Portugal HBK >

Made in Portugal

UK importer: Hottinger Bruel & Kjaer UK Limited
Technology Centre Advanced Manufacturing Park
Brunel Way Catcliffe, Rotherham, South Yorkshire,
$60 5WG United Kingdom

Valid only for packing @@9 AL

PAP PET LDPE

Fig. 1.1 Packing label example

Please follow the instructions below to dispose of the packaging properly and responsi-
bly and contribute to the preservation of our planet. Thank you!

To dispose of packaging, you should:

« Remove any labels, adhesives, nails, staplers or caps that are not part of the same
material.

« Rinse the packaging with water to remove any residues or dirt.

 Flatten or fold the packaging to reduce its volume and save space (except for glass
that should not be crushed).

e Separate the packaging by material and place it in the appropriate recycling bin or
bag.

Most of our packing are made of paper and plastic and aimed to be reused or recycled,

but they are not appropriate for food containing. Please consult the chapter “Packing

Symbols” for more detailed information about the packing materials used by HBK
FiberSensing, marked in the packing label of each product delivered to customers.

Packaging Symbols
Packing materials are marked with the correspondent symbol for guidance.

@ Not appropriate for food

Ny Recyclable
&S

The recycling symbols for the different materials include numbers and letters that iden-
tify the material type. For example, PET (polyethylene terephthalate) is marked also with
the number 1, and PE-HD (high-density polyethylene) is marked with the number 2. For
paper (PAP) 20 corresponds to corrugated cardboard and 22 to paper as seen in newspa-
pers, books,...

FS62PSS, FS62PSR, FS63LTS
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Fig. 1.2 Recycling symbols

Plastics

Plastic packaging materials are commonly bags, films, trays, blisters or containers.

Batteries

Batteries are not part of the packaging, but they may be included in the equipment or its
accessories. Please refer to section 2.1.1 Disposal of your old appliance for more infor-
mation.

Paper

Paper packaging materials are commonly boxes, cartons, envelopes, or labels.

Metals

Metal packaging materials are commonly cans, foils, caps, or wires.

Organic

Organic packaging materials could be wood, cork, or cotton and are made of natural or
biodegradable materials that can be composted or reused.

Glass

Glass packaging materials are bottles, jars, or vials.

FS62PSS, FS62PSR, FS63LTS
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Composites

Composite packaging materials are made of layers of different materials, such as paper,
plastic, and aluminum. They are marked with a recycling symbol and a letter that indi-
cates the composition of the packaging. For example, PAP is for paper and plastic, and
ALU is for aluminum.

1.2 Marking used in this document

Important instructions for your safety are specifically identified. It is essential to follow
these instructions to prevent accidents and property damage.

Symbol Significance

& CAUTION T.his marking warns pf a potentially dgngerous

situation in which failure to comply with safety
requirements can result in slight or moderate physical
injury.

m This marking draws your attention to a situation in

which failure to comply with safety requirements can
lead to damage to property.

This marking draws your attention to important in-
Important formation about the product or about handling the
product.
This marking indicates application tips or other
Tip information that is useful to you.
This marking draws your attention to information
Information about the product or about handling the product.
Emphasis Italics are used to emphasize and highlight text and
See ... identify references to sections, diagrams, or external

documents and files.

4 This marking indicates an action in a procedure

FS62PSS, FS62PSR, FS63LTS
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2 INSTALLATION PROCEDURE

2.1 Introductory notes
When mounting FS62PSS, FS62PSR and FS63LTS sensors, please pay attention to the
following:

¢ Handle with care.
These are precision sensors and so their achievable accuracy highly depends on cor-
rect mounting.

+ Do not overload the sensors.
« Avoid lateral forces or torque.

* Handle the cables with care before fixing to avoid damage. Do not hold the sensor by
the cables.

* Nuts from the cable exiting from the sensors are part of the sensors' body and must
not be unfastened.

The FS62PSS, FS62PSR and FS63LTS sensors are precision measuring elements and need
to be handled carefully. Dropping or knocking the sensors may cause permanent damage.
Make sure that the sensors cannot be overloaded, including while they are being mounted.

2.2 List of materials

Included material

FS62PSS FS62PSR FS63LTS ‘
Sensor Sensor Sensor

Teflon installation aid Teflon installation aid

Teflon foil Teflon foil

Pressure pad (one per set) Pressure pad (one per set)

Needed equipment

Deburring machine (optional)

Needed material

Glue.
Recommended HBK: 1-CA80, 1-X60 or 1-X280

Sandpaper

FS62PSS, FS62PSR, FS63LTS
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Surface cleaning agents.
Recommended HBK: 1-RMS1 or 1-RMS1-SPRAY

Tissues.
Recommended HBK: 1-8402.0026

Polyimide drafting tape.
Recommended HBK: 1-KLEBEBAND

Protection.
Recommended HBK: 1-ABM75 and/or AK22

2.3 FS62PSS Patch Strain Sensor

Fig. 2.1 FS62PSS Patch Strain Sensor

2.3.1 Preparation of the installation area

The surface of the measurement object must be cleaned and regular when installing the
optical strain gauges or sensors.

If there are protection layers applied on the material, such as paint or rust, deburr
(Fig. 2.2) or sand (Fig. 2.3) the surface to remove them ensuring that the surface does not
become irregular.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.2 Removing paint and rust with a deburring machine

Fig. 2.3 Removing paint and rust with sand paper

Clean the surface using an appropriate cleaner degreaser (RMS 1 is suggested) and non-
woven tissues (Fig. 2.4 and Fig. 2.6).

Repeat the cleaning process until the tissue comes out clean.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.4 Using RMST1 cleaner and nonwoven tissues

If the material is free of protective layers and very smooth, there is still the need to
roughen the surface with the sanding paper (e.g. with 180 grain) using circular move-
ments (Fig. 2.5).

Fig. 2.5  Roughening the surface of the measuring object

The surface needs then to be cleaned again ensuring that neither dust nor grease is
present in the bonding area.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.6 Cleaning the surface

The final wiping movements should always be performed in the same direction until the
last tissue comes out clean.

2.3.2 Marking the measuring point

Define the alignment of the sensor considering the measurement direction and the sen-
sor's guides.

r A
- V) FS62PSS =
- A =

Fig. 2.7 FS62PSS Sensor alignment markings

e

Use a sharp tool or a pen, depending on the surface material, to mark the sensor position.

d -

Ensure your hands and used tools are clean to prevent contamination of the gluing area.

FS62PSS, FS62PSR, FS63LTS
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The length of the marking line should be approx. 60 mm in the measurement direction.
A vertical marking line, approx. 40 mm long, must be drawn to indicate the center of the
sensor, see Fig. 2.8. Interrupt both lines at the sensor's gluing area.

Fig. 2.8 Marking the sensor position

2.3.3 Positioning the sensor

Remove the optical sensor from the protective wallet in the box and peel off the Teflon
protective foil from the installation side of the sensor.

d -

Save the Teflon protective film to use it later during the gluing phase.

Then transfer the sensor securing it by the Teflon installation aid attached to the marked
measuring point. After positioning the sensor aligned with the designed cross, apply a
10 cm long polyimide adhesive tape (1-KLEBEBAND) on top of the Teflon installation aid,
without touching the sensor, to secure it to the measuring object (Fig. 2.9)

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.9  Aligning and placing the FS62PSS

The next step is not mandatory, but it is recommended so that the adhesive does not
leak.

Apply another 10 cm long polyimide adhesive tape (1-KLEBEBAND) on the other side of
the sensor, a few millimeters away from the sensor and aligned with its longer edge
(Fig. 2.10).

Fig. 2.10  Applying an adhesive mask

2.3.4 Gluing the sensor

The following instructions are prepared based on the CA80 adhesive, which is a cyano-
acrylate glue. The sensor can also be installed with other adhesives. Usage instructions
of the glues must be taken into consideration and the following instructions adapted in
accordance.

FS62PSS, FS62PSR, FS63LTS
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The following table presents the main characteristics and applications of the preferred
HBK glues:

Adhesive Curing Operating General comments

temperature
CA80 @20°C: Tmin | -55°C to 100°C") | Measurements possible after 30 min-

-70°C to 120°C2) | Utes;
Constant pressure (by thumb) and 30
to 80% air humidity needed during

installation.
X60 @20°C: 10min | -200°C to 60°C") | Measurements possible after 30 min-
-200°C to 80°C2) | Utes;
Stiff glue;

Not suited for dynamic bending;

Thin layer between sensor and sur-
face must be ensured during installa-

tion.
X280 @10°C: 36h -200°C to 200°C") | Recommended for high fatigue life
@20°C: 8h -200°C to 280°C2) | applications.
@65°C: 2h
@95°C: 1h

1) For zero point related measurements
2) For dynamic measurements

Prepare the CA80 adhesive and have the small piece of Teflon foil (removed from the
sensor when unpacking) ready at hand.

Flip the FS62PSS sensor using the Teflon installation aid as a hinge for the optical sensor
as shown in Fig. 2.71. Place three drops of CA80 adhesive on the area that will receive
the sensor, without allowing the CA80 bottle to touch the surface.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.11  Folding over the FS62PSS and application of CA80 adhesive

Fold the sensor quickly back down over the adhesive. Cover with the prepared Teflon foil
as an intermediate layer and apply pressure to the sensor firmly and evenly for approxi-
mately one minute. A pressing pad for pressure distribution is provided to support at this
step.

Fig. 2.12  Gluing on the FS62PSS and hardening of the adhesive

After gluing, and if needed, remove any excess CA80 adhesive from the material surface
with a nonwoven pad.

FS62PSS, FS62PSR, FS63LTS
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The CA80 adhesive requires another ten minutes to harden after gluing. If you have
implemented the strain relief as described below, you can then remove the adhesive
strips, otherwise wait for approx. ten minutes more. You can then remove all adhesive
strips and the installation aid. Where possible, peel the adhesive strips off at a small
angle and flat to the surface (Fig. 2.13).

Fig. 2.13  Removing the fixing adhesive strips

Then carefully remove the Teflon installation aid (Fig. 2.74).

Fig. 2.14  Removing the Teflon installation aid

In this last step, remove any remaining adhesive residues located under the Teflon instal-
lation aid, using a nonwoven pad.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.15 Completed installation of the optical strain sensor
Please also note the information on hardening times in the CA80 Installation manual.

2.4 FS62PSR Patch Strain Rosette

Fig. 2.16 ~ FS62PSR Patch Strain Rosette

2.41 Preparation of the installation area

For the installation of the FS62PSR Patch Strain Rosette, the surface must be clean and
without irregularities. Please follow the procedures as described for FS62PSS on section
2.3.10n page 9.

2.4.2 Marking the measuring point

The FS62PSR Rosette has three FBGs in a 0°/60°/120° position. The alignment of each
FBG is evidenced by the sensor guides present at each corner of the rosette, which are

defined as directions "a", "b" and "c", as shown in Fig. 2.77.

Start by drawing the marking cross, in a similar way to the described in section 2.3.2, con-

sidering one of the FBG alignments, for example “a”, and its perpendicular.

FS62PSS, FS62PSR, FS63LTS
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a
v
|
|
|
|
|

Fig. 2.17  FS62PSRsensor alignment markings

2.4.3 Positioning the sensor
Position the optical rosette on the marking cross using the Teflon installation aid.

Align the desired direction, for example “a”, with the horizontal marking. Refer to the
white alignment marks present on the sensor label to support on this positioning. Then
align the perpendicular direction, for example between the arrow on the “a” direction and
the intersection between “b” and “c” direction marks, with the vertical marking.

Fig. 2.18  Aligning the optical rosette

It is advisable that an adhesive mask is applied around the sensor position to prevent
adhesive from leaking when gluing the FS62PSR. To do this, use two additional strips of
polyimide adhesive tape, applying them in parallel to the edges of the optical rosette
(see Fig. 2.19).

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.19  Applying an adhesive mask

2.4.4 Gluing the sensor

As for the FS62PSS Patch Strain Sensor, the following procedures refer to the installation
of the FS62PSR Patch Strain Rosette using CA80 superglue. Please refer to section 2.3.4
“Gluing the sensor” on page 14 for additional information on different adhesives.

Have the CA80 adhesive and the provided piece of Teflon foil ready at hand. Use the
Teflon installation aid as a hinge for the optical rosette and fold the rosette back. Place

6 drops of CA80 adhesive in a triangle on the measuring point (under the optical rosette),
without allowing the CA80 bottle to touch the surface, see Fig. 2.20.

Fig. 2.20  Applying the adhesive

Fold the optical rosette quickly back down over the adhesive. Cover with the prepared
Teflon foil as an intermediate layer (Fig. 2.27) and apply pressure to the rosette firmly
and evenly for approx. one minute e.g. by using a press pad.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.21  Applying the Teflon foil and pressure pad

Fig. 2.22  Pressing on the rosette for T minute

The CA80 adhesive requires another ten minutes to harden after gluing. You can then
remove all adhesive tape and the installation aid. Where possible, peel off the adhesive
tape at an angle and flat to the surface.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.23  Removing the tape

Then carefully remove the Teflon installation aid, as described for the FS62PSS in
Fig. 2.14 on page 17.

In this last step, remove any remaining adhesive residues located under the Teflon instal-
lation aid using a nonwoven pad. Please also note the information on hardening times in
the CA80 Installation manual.

2.5 FS63LTS Laboratory Temperature Sensor

Fig. 2.24  FS62LTS Laboratory Temperature Sensor

2.5.1 Preparation of the installation area

For the installation of the FS63LTS Laboratory Temperature Sensor, the surface must be
clean and without irregularities. Please follow the procedures as described for FS62PSS
on section 2.3.7 on page 9.

FS62PSS, FS62PSR, FS63LTS
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2.5.2 Positioning the sensor

The orientation of the FS63LTS is not of major importance for a correct temperature
measurement. It is, however, important that the sensor is placed next to the strain sen-
sors if being used for temperature compensation. Temperature compensation is only
effective if the two sensors — strain and temperature — are at the same temperature.

2.5.3 Fixing the sensor

The temperature sensor needs to be fixed with any method that allows a thermal contact
between the specimen to measure and the sensor. The easiest way to fix the sensor is to
use tape on top of it, for example, polyimide adhesive tape (1-KLEBEBAND), or to use
covering agents 1-ABM75 or 1-AK22. It can also be glued to the surface with an adhesive
that grants a good thermal contact between the surface and the sensor. However, care
must be taken to the fact that the glue should be applied to the center part of the sensor
only to ensure that no strain is transmitted to the sensor.

For temperature compensation place the compensation sensor as close as possible to
the strain sensor which strain signal needs to be compensated.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.26  FS63LTS fixed with polyimide tape

2.6 Routing and protecting the cables

Sensor cable should be routed ensuring that cables are not hanging and curvatures are
kept within the limits for the used cable.

For FS63LTS temperature sensors, note that the cable exiting from the sensor has stiffer
transitions. Therefore, if curvatures are needed close to the sensor, ensure the cable's
curvature starts at least 25mm away from the sensor's metallic limits.

“ Important

Tight curvatures next to the sensor exit may break the fiber due to the protection on the
fiber exits.

.-------------' '-------------'
: >25mm - <25 mm .
0 S . '
. e
' ] ] :
: ' ‘
4 ' ' .
(] 0
: : :
: : :
(]

Fig. 2.27  FS63LTS cable installation

FS62PSS, FS62PSR, FS63LTS
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We recommend that strain relief is provided for the optical fiber (see Fig. 2.28). Lay down
the protruding fibers with gentle curves and fix them with polyimide adhesive tape. Alter-
natively, glue can also be used (for example X60).

Fig. 2.28  Strain relief for the optical fibers

Fig. 2.29  Fixing fiber strain relief with tape

In case there are splice protections, ensure that the splice is also well fixed.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.30  Braided cable routing

For outdoor applications it is also advisable to further protect cable paths against mois-
ture and mechanical damage. This can be achieved either by using cable conduits, or by
covering the full length with silicone or other sealing paste (example DP490 from 3M).

ﬂ Information

The braided cable is suited for laboratory installations in controlled environments. It can
withstand an extended temperature range, but is not fully protected for mechanical dam-
age. In case the sensors are used in harsh environments, further protection of the cables is
recommended (using plastic tubes, conduits or covering the cables with protecting mate-
rial).

2.7 Protecting the sensors

The FS62PSS, the FS62PSR, and the FS63LTS are sensors designed for laboratory appli-
cations. Nevertheless they can be used in other environments if correctly protected.

Sensors should be protected against humidity effects with the covering agents AK22 and
ABM75.

First cover all the adhesive residues (CA80 in this case), left over from gluing, generously
with the covering putty. Carefully press the putty towards the sensor from all sides
(Fig. 2.31)

FS62PSS, FS62PSR, FS63LTS
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— v FS62PSS
£

Fig. 2.31  Covering the sensors edges with AK22

Always include some AK22 below the cables to ensure complete coverage. This should
be done next to the sensor, as well as on the interface of the remaining protective layers
(Fig. 2.32).

FS62PSS

Fig. 2.32

Cut a piece of the covering foil ABM75 (Fig. 2.33), large enough to cover the sensor area
(a single sensor or several close to each other - e.g. one FS62PSS and one FS63LTS for
temperature compensation) and place it over the sensor.

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.33  Cutting ABM7S5 to fit the sensor area

Press the covering foil around its edges with a stiff element to tighten into the surface of
the measurement object.

Pay extra care to not apply this pressure over the cable area as it can damage the fibers
compromising the sensor reading. On the cable area this sealing should be ensured with
your fingers.

Fig. 2.34  Applying and pressing down the covering foil ABM75

FS62PSS, FS62PSR, FS63LTS
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Fig. 2.35 Completely covered measuring point

FS62PSS, FS62PSR, FS63LTS
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3 SENSOR CONFIGURATION

3.1 Sensors documentation

Calibrated HBK FiberSensing Sensors are delivered with a Calibration Sheet. Remaining
sensors are delivered with a sensor Characteristic Sheet that contains important informa-
tion for sensor configuration.

In the case sensors are delivered in arrays of pre-assembled sensors, a resume table
with the relevant calibration information is provided in alternative.

Within the sensor's packing this installation instructions document is delivered in a
printed version. Installation instructions can also be downloaded from HBK website
(www.hbkworld.com).

3.2 Measurement computation

3.2.1 Temperature

The calculations that should be performed for converting a wavelength measurement
into temperature are the shown in Fig. 3.7. The temperature value measured with a tem-
perature sensor is given by a second order polynomial equation with coefficients
obtained from the sensor calibration.

T=S0-2)2+S,1 -2y + S,

Fig. 3.1 Temperature computation formula

Where

e Tisthe measured Temperature in °C

* Ais the measured Bragg wavelength of the temperature sensor in nm

e Ay is the Bragg wavelength of the temperature sensor at reference temperature in nm
» Sy is the zero order calibration factor (reference temperature) in °C

« §; is the first order calibration factor in °C/nm

« S, is the second order calibration factor in °C/nm?2

When operating with catman® the values Ay, Sy, S1 and Sy should be filled on the menu
for temperature sensors configuration.

Measurement with Distance Effect Correction

When measuring with sweeping laser-based Optical Interrogators, such as the
BraggMETER from HBK FiberSensing, the length of cabling between the interrogator and

FS62PSS, FS62PSR, FS63LTS
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the sensor affects the measured reflected signal. This distance error is significant for
sensors that rely on absolute wavelength values, such as temperature sensors.

The sweeping laser emits a varying wavelength over time. The method for measuring the
reflected wavelength from the fiber Bragg grating (FBG) sensor identifies the wavelength
being emitted at the time the reflected peak from the FBG is detected. As the acquisition
rate increases, the delay caused by the distance the light travels both ways becomes
more pronounced, reducing the accuracy of the absolute wavelength measurement. The
same effect occurs with increasing distances.

The cable length effect manifests as a constant shift in the wavelength measurement,
which depends on the sampling rate of the optical module and the distance between the
sensor and the interrogator. The shift in the measured wavelength is negligible for low
acquisition rates or short distances but becomes significant for high sampling rates or
long distances.

d -2 -n - RepRate - Fullrange

Aeror = SweepDirection - DutyCycle - ¢

Fig. 3.2 Wavelength shift due to sweeping laser speed

Where

e Algrror is the wavelength “error”, in nm

» dis the distance (in m) between the sensor and the measurement unit
» nis the refraction index of the fiber (1.446 for standard SMF28 fiber)

» RepRateis the optical module actual acquisition scan (for BraggMETER interrogators
it is the selected acquisition rate, in S/s)

» FullRange is the length of the range of measured wavelengths (102 nm for
BraggMETER interrogators

< SweepDirectionis the signal of the sweeping direction: 1 for sweeping from the lowest
to highest wavelengths and -1 for sweeping from the highest to lowest wavelengths

e DutyCycle is the sweeping portion of the cycle without flyback;
« cisthe speed of light (3x108 m/s).
A fixed temperature error caused by the distance can be calculated:

2
Terror = Sz X A;Lerror + S1 X A;Lerror

Fig. 3.3 Temperature error induced by the distance effect.

FS62PSS, FS62PSR, FS63LTS
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The error can be applied to the calibration formula for correction:

T=50A—-29%+ S —2g) + Sy — Terror

Fig. 3.4 Temperature computation formula with distance error correction

3.2.2 Strain

Strain sensors are not calibrated sensors. The characteristic sheet delivered with the
sensor presents the sensor data for correct strain computation.

For the fiber Bragg grating strain sensors, wavelength variation including the effect of
temperature is given by the equation shown in Fig. 3.5.

¢ =29

T =k (e105g + (TCS + CTE) - (T = Ty)) - 10°°
0

Fig. 3.5 Wavelength variation of a FBG strain sensor due to strain and temperature
effects

Where

e Ais the measured Bragg wavelength of the strain sensor in nm

e A is the Bragg wavelength of the strain sensor at the reference instant in nm
e kis the strain k factor of the strain sensor, dimensionless

°  €0ad iS the mechanical strain applied to the structure in pm/m

« TCS s the temperature cross sensitivity of the strain sensor in (um/m)/°C

e CTE is the coefficient of thermal expansion of the material of the specimen the strain
sensor is attached to in (um/m)/°C

* T-Tp-is the difference between the actual temperature and the temperature at the ref-
erence instant in °C

Measurement with no compensation

If no temperature compensation is required the strain computation can be done as shown
in Fig. 3.6.

_(;L_;LO) 6
&£ = K7 10

Fig. 3.6 Simple strain computation formula (without temperature compensation)
Where
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e ¢gisthe measured strain in pm/m

e Ais the measured Bragg wavelength of the strain sensor in nm

e )N is the Bragg wavelength of the strain sensor at the reference instant in nm
e kis the strain k factor of the strain sensor, dimensionless

Measurement with temperature compensation using a temperature sensor

Calculating compensated strain, in pm/m, using a temperature sensor is straightforward
as the output of a temperature sensor is a temperature value in °C. The calculation is
depicted in Fig. 3.7.

¢ =29

Cload = |7 -10% — (TCS + CTE) - (T — Ty)
0

Fig. 3.7 Strain computation with temperature compensation using a temperature
sensor

Where

°  €0ad IS the mechanical strain applied to the structure in pm/m

e Ais the measured Bragg wavelength of the strain sensor in nm

e A is the Bragg wavelength of the strain sensor at the reference instant in nm

e kis the strain k factor of the strain sensor, dimensionless

» TCSis the temperature cross sensitivity of the strain sensor in (um/m)/°C

e CTE is the coefficient of thermal expansion of the material of the specimen the strain
sensor is attached to in (um/m)/°C

e Tisthe actual temperature measured by the temperature sensor used for compensa-
tionin °C

e Ty is the temperature measured by the temperature sensor used for compensation at
the reference instant in °C
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: |
Reference instant = Temperature (°C)

= Strain wavelength (nm)
= Compensated Strain (um/m)

Time

Fig. 3.8 Reference instant for temperature compensated strain measurement when
using a temperature sensor for compensation

Measurement with temperature compensation using a compensation element

Strain measurement can also be correctly compensated using a compensation element
based on FBG technology. Different approaches can be used:

« atemperature sensor without calibration certificate

e astrain sensor installed on a strain-free area of the same material

¢ astrain sensor installed on a strain-free material with a known CTE

The computation of strain can then be performed using the equation from Fig. 3.9.

h=2y o Are ~ o, (TCS + CTE)

= . — 6
fload = 17, Fo TCF 10

Fig. 3.9 Strain computation with temperature compensation using an FBG
compensation element

Where

°  €ad IS the mechanical strain applied to the structure in pm/m

¢ Ais the measured Bragg wavelength of the strain sensor in nm

e Ay is the Bragg wavelength of the strain sensor at the reference instant in nm
* kisthe strain k factor of the strain sensor, dimensionless

¢ Arc is the measured Bragg wavelength of the compensation element in nm
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e Agrcis the Bragg wavelength of the compensation element at the reference instant in
nm

« TCS is the temperature cross sensitivity of the strain sensor in (um/m)/°C

e CTE is the coefficient of thermal expansion of the material of the specimen the strain
sensor is attached to in (um/m)/°C

e TCF is the temperature compensation factor of the compensation element in (um/
m)/°C. For an uncalibrated temperature sensor this value is given on the sensor’s

characteristics sheet. For a strain sensor attached to a specific material TCF can be
calculated as shown in Fig. 3.70.

TCF = (5.7 + k - CTE )

Fig. 3.10  Temperature compensation factor computation

Where

* kisthe strain k factor of the strain sensor attached to the temperature compensation
element, dimensionless

¢ CTEgc is the coefficient of thermal expansion of the material of the temperature com-
pensation element in (um/m)/°C

= Strain Comp. wavelength (nm)
= Strain wavelength (nm)
=== Compensated Strain (um/m)

AoTc

Time

Fig. 3.11  Reference instant for temperature compensated strain measurement when
using an FBG compensation element
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Measurement with bending moment correction

When measuring on an element using a sensor that is far away from the attachment sur-
face there may be an “error” on the measurement because the distance between the
measuring point/alignment and the neutral axis is different to the distance between the
installation surface and the neutral axis.

=
F
—
Fig. 3.12  Strain on pure axial deformation
¢ F €€
ek
Fig. 3.13  Strain on pure bending moment
¢ F €€
e}
________________ F
________________________________

Fig. 3.14  Strain on axial load and bending moment

This becomes of high importance when the distance between the sensing element on the
sensor to the attachment surface is relevant, or the measuring object is very thin. This
distance on the FS62PSS Patch Strain Sensor and for the FS62PSR Patch Strain Rosette
is 0.25 mm (h, on Fig. 3.74).
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Fig. 3.15 Distance of the FBG to the mounting surface on the FS62PSS

However, knowing the distance to the neutral axis (hq) the measured strain from the sen-
sor can be corrected into strain on the surface by a geometrical factor:

-4y h

— . . 6
surface — k /1 h2 T h‘l 10

&

Fig. 3.16  Strain computation bending effect correction

Where

*  &urface IS the mechanical strain on the measuring surface in pm/m

e Aisthe measured Bragg wavelength of the strain sensor in nm

e Ay is the Bragg wavelength of the strain sensor at the reference instant in nm
e kis the strain k factor of the strain sensor, dimensionless

e h; is the distance from the measuring surface to the neutral axis in mm

» hy is the distance from the measuring surface to the FBG in mm (0.25 mm for the
FS62PSS and FS62PSR)

Measuring principal stresses

Principal stresses computation with the FS62PSR Patch Strain Rosette can be calculated
in accordance to the equation:

2
_ E &t te E 26, —&p — & 1. Y
Q2T 3 jE‘I+v\/( 3 ) R

Where:

e 07/ are the principal stresses, in MPa

e Eis the young modulus, in GPa

¢ visthe Poisson ration, dimensionless

° &b/ arethe the strains measured by the rosette on the three directions, in pm/m
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The principal directions are the directions in which the principal normal stresses o1 and
0, occur as calculated using the equation above. Principal normal stress directions are
defined by the angle ¢ that refers to the rosette's measuring directions, which can be
determined using geometrical relationships from the strains €,, €, and €. measured with
the rosette.

The aim of the following treatment is to provide the practical engineer with a convenient
and reliable method. The theoretical aspects of Mohr's Stress Circle, which forms the
basis of this treatment, are described in general literature.

First a tangent of an auxiliary angle y is calculated:

/3 - (e, — €0)

tany = 26, — &, — &c

Considering the signals of the numerator and denominator, the angle ¢ should be deter-
mined using the following scheme:

Numerator /3 - (e, — €0)
Negative Positive
I32enominator Positive ¢ = 1§ - (180° — lyl) @ = ‘I7 - (0° + lyl)
£a — &p — &
Negatlve _ 1 . 1800 | | _ 1 . 3600 _| |
=3 ( + lyl) =3 ( yl)

The angle ¢ found in this manner should be applied from the axis of the reference mea-
suring position a in the mathematically positive direction (counter-clockwise). The axis of
the measuring direction “a” forms one arm of the angle ¢. The other arm represents the
first principal direction. This is the direction of the principal normal stress o4 (identical
with the principal strain direction €1). The point of the angle is located at the intersection
of the axes perpendicular to the measuring directions. The second principal direction
(direction of the principal normal stress o,) has the angle ¢ +90°.
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Fig. 3.17  Principal strain directions
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4 SENSOR MAINTENANCE

4.1 Sensor

Gluable strain sensors, by principle, cannot be repaired after installation. If a strain sen-
sor, whether linear or rosette, is damaged after installation, the solution is to completely
replace the sensor. It is not expected that a strain sensor will be damaged under regular
operating conditions. More commonly, damage occurs to the connections rather than the
sensor itself.

Temperature Sensor

For temperature sensors, it might be possible to remove and reinstall the same sensor
without causing damage, depending on the attachment method used. If glued, it is
unlikely that the sensor can be removed without irreversible damage. However, if secured
with polyimide tape or cable ties, it might be possible to retrieve the sensor without fur-
ther damage.

d -

Carefully remove any covering agents that may act as glue and damage the sensor during
removal.

Temperature sensors can be completely damaged beyond repair in cases of severe inci-
dents (mechanical shock, extremely high temperatures, etc.). However, recalibration may
be necessary if the sensor has been subjected to temperatures higher than specified for
short periods.

If it is possible to remove the installed sensor and an offset is observed, please contact
HBK FiberSensing to discuss recalibration options. Note that recalibration performed by
HBK FiberSensing may be subject to a fee.

4.2 Cables

If a cable is damaged during installation or use, a local repair might be possible. How-
ever, the feasibility of the repair depends on the location of the damage. If the damage is
too close to the sensor, there may not be enough cable length available to use the splic-
ing tools, making the repair unfeasible.

When a repair is feasible and there is sufficient cable length, you can cut the cable to
remove the damaged section and perform a splice on the fiber cable. If there isn't enough
cable length, you will need to insert an extension and perform two splices. Please contact
HBK FiberSensing for support with the splicing procedures.

When sensors are delivered in an array and a cable is damaged between two sensors,
you will lose signals from all sensors past the damage. Cables can be repaired as
described above.
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TIP: If no repair is possible, it might be possible to recuperate some signals when con-
nection redundancy exists. If the fiber can be interrogated from both ends, ensure that
there is no light propagation at the location of the damage (by fully cutting the fiber con-
nection) and insert a splitter between the optical connector of the interrogator and the
two ends of the sensor array.

4.3 Connectors

If a connector is damaged, it can be replaced either by performing a local splice or by
returning the sensor for reconnection. Note that repairs performed by HBK FiberSensing
may be subject to a fee.
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