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REPORT

Disclaimer

The staff of PRHYDE prepared this report.

The views and conclusions expressed in this document are those of the staff of the
PRHYDE project partners. Neither the PRHYDE partner(s), nor any of their
employees, contractors or subcontractors, make any warranty, expressed or implied,
or assume any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, product, or process enclosed, or represent that its use
would not infringe on privately owned rights.

This document only reflects the author’s views. FCH JU and the European Union are
not liable for any use that may be made of the information contained herewith.
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1 SCOPBPF THE REPORT

For the PRHYDE project, CEA’s task is focussed on the mechanical behaviour of the
vessel during fast filling tests. A first work has been performed by selecting and
validating the mechanical sensors at the CEA laboratory (deliverable D5.2) end of
2020. The second phase, the subject of this deliverable D5.3, describes and validates
the transportable system that will be used at ZBT. The last phase will consist of
following a refill test at ZBT in spring 2022 with the transportable measuring system
(deliverable D5.4).

The two objectives of this report are:

A A description of the transportable mechanical measurements system used to
follow vessel mechanical behaviour during fast filling

A A description of the first results obtained on first experimental tests using this
transportable system

Note: An updated version of this document will be published after additional
mechanical tests have been performed at the ZBT test site. These tests are scheduled
for spring 2022.



Hu'%' PRHYDE PRHYDE Deliverable D5.3

Protocol for h -dut) I T i
Hf&;’;;gﬁ’rfef;g,‘,;{, e Mechanical measurement test i intermediate report

2 TRANSPORTABLE MEASUREMBPEBCRYSTERN

CEA has performed mechanical measurements at laboratory level, on 23L and 67L
700 bar vessels, using optical fibre and LVDT sensors to follow the vessels
mechanical behaviour during filling. The goal was to validate the measuremento
technical choice (Task 5.3). The results are described in the confidential D5.2
deliverable.

Based on this work, specifications have been defined for a transportable
measurement system beginning 2021. The transportable system has been delivered
with sensors in September 2021 followed by installation and commissioning. Two
operators have been trained to use the system and to fix sensors on the vessel
surface during October 2021.

This chapter details the transportable acquisition system and the different sensors.

2.1 Transportable system

The system is equipped with analogic measurement using different types of inputs
(gauges, temperature) and with numeric measurement using other different types of
inputs (LVDT, Optical Fibre). The operating temperature is between -40° C and +85 °
C.

20m 5m

Monitoring and Acquisition area Measurementarea
Control area

I

Figure 1: CEAOD s¢ransportable measurement system (Source: CEA)

AsshowninFigure2, t he acquisition equipment wi
control and monitoring equipment will be deported in the facility control room.

CEA Acquisitioaquipments

_— A (acquisition area near the tank
CEA Monitoring and Control >
equipment

C (Control room)— 7 T (measurement area

around the tank)

Figure 2: CE A 6 s pmanuiinplantation plan (Source: CEA)
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Figure 3: CEA acquisition system (Source: CEA)

CEA’s acquisition machine is equipped with 16 digital inputs. An 8 PT100 temperature
and 0-1 V inputs has been added for analogic temperature sensors.

In addition to the acquisition software, two plugins are also installed. One for the LVDT
sensors and the other for Optical Fibre (specifically developed for CEA).

The acquisition software is uploaded on the CEA acquisition machine (internal
computer working with Windows). The software is used to record and post analyse
measurement data.
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Figure 4: Measurement system software interface (Source: CEA)
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2.2 Sensor’s description
The additional CEA sensors are placed on the external surface of the vessel during a

filling test.
\cylinder\
Boss
Figure 5: Single vessel equipped with CEAOGs
(Source: CEA)
Table 1: CEAbG6s additional surface sensors

study (Source: CEA)

Sensors Figure

8 Linear Variable Differential Transformer (LVDT)

sensors in contact orthogonal to the surface for ~
punctual axial and radial vessel displacement

(a,b,c,d,e,f,g,h)

4 areas on the vessel (1,2,3,4) will be equipped
with:

J
A 1 temperature sensor %

A 1 strain gauge sensor e & S
- v -
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A 2 optical fibre (OF) sensors 1
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Sensors Figure

Inertial central sensor (ci)

The task of the different sensors (see also Table 1) are:

A

LVDT sensors: During the fuelling phase, the diameter and the axial length of
the vessel are increasing around few mm. Thanks to LVDT sensors, in contact
with the surface vessel, it is possible to measure on several areas (8 areas:
a, b, c é mgreage bf¢he diameter and axial length.

4 sensors to measure temperature and strain: 4 areas, 2 on the dome regions
and 2 on the cylindrical region, are defined to follow 2 parameters: temperature
and strain. In each area (1,2,3,4) the following sensors will be placed:

o0 1temperature sensor to measure the temperature at the surface of the
vessel;

0 1 strain gauge sensor placed near the temperature sensor to measure
strain at the surface of the vessel (this sensor will be bonded);

0 2 optical fibre sensors to measure the strain at the surface of the vessel
(redundancy with gauge);

1 inertia central (ci) will be placed on the vessel surface to measure the
acceleration and vibration at the surface of the vessel.

In addition, it will be useful to obtain and synchronize the data of pressure
measurement and the measurement of the external internal temperature
during a filling.

In order to properly analyse the mechanical behaviour with experimental data, it is
important to accurately report the positioning of the different sensors.

The system will be equipped with analog measurement using different types of inputs
(gauges, accelerometers, temperature) and with numeric measurement using other
different types of inputs (LVDT, Optical Fibre). The operating temperature is between
-40°C and +85°C.
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a) LVDT sensor

The LVDT (Variable Linear Differential Transformer) measures the displacement of a
vessel contact point. Inside the sensor is a coil system consisting of a primary winding
and two secondary windings, which convert the linear displacement into an electronic

signal.

The characteristics are the following:

>\

Using Orbit network
RS485 port

20 mm measuring ranges

>~ >~ >\

Precision £ 40 pm
IP65 Sealing

>~

P . g—

,:::.:-'—'=-‘-"""''“;“""“-r

Figure 6: LVDT sensor (Source: CEA)

housing
o

secondary coil 2

magnetic shielding

secondary coil 1
bobbin

inner tube

V//‘" primary coil

core extension

Figure 7: LVDT sensor description (Source: CEA)
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b) Gauge sensor

Four foil strain gauge sensors (see Figure 8) are used to measure punctually a strain
at the surface vessel. They consist of an insulating flexible backing, which supports a
metallic foil pattern. The gauge is attached to the object by a suitable adhesive, such
as cyanoacrylate. As the object is deformed, the foil is deformed, causing its electrical
resistance to change. This resistance change, usually measured using a Wheatstone
bridge, is related to the strain by the quantity known as the k-factor.

A k-factor: 2.10

A Materials resistive element: Cu Ni alloy foil

A Materials base: polyimide

A Safe temperature range: -196°C to 150°C

A Compensated temperature range: 10°C to 100°C

A Strain limits at normal temperature: 5 % on composite material

A Fatigue lives at normal temperature (times): 1.2x107 (1500 m/ m)

A Applicable linear expansion coefficients: 5, 11, 16, 23, 27 (x 10%/°C)
Figure 8: Biaxial gauge sensor (Source: CEA)

11
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c¢) Optical Fibre

Fibre Bragg Grating (FGB) sensors (see Figure 9 and Figure 10) are punctually
located along optical fibres that are bonded at the surface of the vessel. FGB offer a
high level of resistance to extreme environmental conditions such as humidity,
corrosion or salt. Several sensors can be located at different regions of the vessel to
measure the strain at the surface of the vessel. Optical fibre is used with the Bragg
meter unit using a continuous swept laser scanning interrogator for fibre Bragg grating
sensors. It includes a traceable wavelength reference that provides continuous
calibration to ensure system accuracy over long-term operation. The high dynamic
range and high output power allow high resolution to be attained i even for long fibre
leads and lossy connections. Multiple sensors can be connected in series in each
optical fibre, which, in combination with the optical channels with parallel acquisition
for the Bragg meter unit, make it particularly suitable for large scale sensing networks,
recording a large number of sensors simultaneously, providing 1,000 S/s acquisition
rates with sub picometer resolution.

>\

Range: 100 € m
Rate: 100 Hz

>\ >\

Dynamic resolution: 1 em
Static resolution: 0.1 pm
1,2nm=1em/m

10 pm = 1°C

strain (-3% to +3%, resolution 1 pe)

> > > > >

temperature (-270°C to +800°C, resolution 0.1 K)

S
Ay
W

Figure 9: Fibre Bragg Grating, fibre, and connector (Source: CEA)
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Figure 10: Fibre Bragg Grating (close-up) (Source: CEA)

d) Temperature sensors

The surface temperature sensors will be positioned near the strain gauges or optical
fibre sensors. These sensors are self-adhesive, PT100 type.

A Temperature range: -50°C to + 200°C,

A Self-adhesive

Figure 11: Surface temperature sensor (Source: CEA)

13



Protocol for h -dut, i T i
Ef&f;;g{gfef;gm e Mechanical measurement test i intermediate report

.,,U% PRHYDEJ PRHYDE Deliverable D5.3

2.3 Vessel equipped with sensors
This paragraph contains pictures of sensors used during hydraulic fast filling at CEA.

Figure 12: Surface temperature sensor (Source: CEA)

Figure 13: Ambient temperature sensor (Source: CEA)

14
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Figure 14: Bi axial gauges (6 wires) (Source: CEA)

Figure 15: Bragg optic sensor (red zone) (Source: CEA)
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