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Local current monitoring and 1o * Measurement done on a classical SOLIDpower cell using a current collector with 9 local voltage measurements
model correlation. ' - Efperimental curve » Gas distribution: inlet at the center, outlet at the periphery

Study the local conditions in 1 o Simulated data * Good correlation between experiment and model

terms of current and fuel utili- = * Large difference in terms of current density along the cell diameter: 2 times larger at the center than at the periphery in case
sation on SOFC cells to better g 08 a high fuel utilisation is used (> 80%)
understand their impact on cell S -
degradation. g o6 T T
Be able to get this information E -
on classical cells without the '
need of special geometries/ma- 0.2 “Local” polarization curve PERSPECTIVES
nufacturing.
0 Continue the mapping with various experimental conditions.
0 02 04 06 08 1 |dentify limit conditions above which there is a risk of degradation, the associated signals, in order to be able, in stack, to make
Current Density (A/cm?) a diagnosis of risky conditions and take corrective measures in order to increase lifetime.
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Monitoring, Diagnostic, Life- UNISA is developing a diagnostic algorithm for Detection and Isolation of faults at single cell and stack level based

time, Mitigation tools. ) * Exp.Data /“(\\‘ on Electrochemical Impedance Spectroscopy. The algorithm follows an Equivalent Circuit Modelling (ECM) approach
: v T %'e“‘ Circuit Model through which significant parameters are identified. Parameters extraction is performed by means of a UNISA proprie-

=l = 8 f"m““ \1 ﬁ . ﬁ UNIVERSITA DEGLI STUDI tary patented technique, which allows hi'gh generaliz.ability and fast fitting pgrformaqces. An o_fﬂine characterization

© | T o % of such parameters allows to map them in both nominal and faulty states. This helps in designing reference patterns

o e L e T e e aa Ecmn":ﬁ’:::‘j:f;eb;'t‘;‘;‘°’| through which fault detection is performed. Indeed, online EIS measurements are used for real time estimation of

2(@) = Zae + - Zim ; == ] conditions ECM parameters, then compared with their nominal mapped values. If a sensible divergence occurs, a symptom arises.

Symptoms collection and comparison with faulty patterns allows afterwards State-of-Health estimation.
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through the
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Software architecture . N . c el .
S The Linux board sends acquisition commands to the Bitron board. Once the acquisition is completed the data samples
0oaa sysiem . . . . . .
R : | are sent back and stored inside the Linux file system as binary files. Those data files are used in a second time for the
iy LM elaboration process by the algorithms developed by all the partners. The aim here is to create a sort of interface which
=] “configuration -

HW & firmware engineering for
on-board use.

can be interpreted as a standard for all the working algorithms. The selected approach allows to minimize each Sof-
tware modules complexity which are independent. Furthermore, they can be easily tested and validated creating "ad
hoc” test suites with the objective to guarantee robustness and reliability.

[ System conuraton The figure shows the schematics of the high level (HL) software; it has been conceived to include EXTERNAL CODE that
take as input the acquired data for performing on board the diagnostic methods.
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selector compensation

AVL method 1JS method UNISA method

Data

management To assure the correct data exchange and a proper hardware configuration, the HL software executes each diagnostic
B o ronte purphses method as a call to the corresponding C function.

|:| Basic C functions
or dll code
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Improved lifetime prediction spatially resolved measurements Current density distribution @ different total flow rates = effect of FUEL STARVATION
tool calibrated with spatially re- FU 80% FU 85% FU 90% FU95%  Current [A/cm?] PERSPECTIVES

solved measurement data, e.g.
signal response from a SRU with
a known local defect introduced

* Continue the mapping according to the test protocol
* Test a cell with purposefully introduced faults on different segments

low direction

on purpose. * Experimental data to fed lifetime modeling
[ Y PRBS_—based diagnosis and pro- 1JS 1s work.mg out 3 novgl health assessment procedure fqr stacks/ e peeson T e reonee | | | | 2 "
OO I J S gnosis. cells by using non-sinusoidal perturbation in terms of step-like pseu- HHHNHHMMIWW > | stack | = WWMWW z 3 on O 5
® O The aim is to use unconventio- do-random binary signal (PRBS). When using the PRBS current signal, Jl Jl : I_"‘—"—IJ_“”"W"“]"MHIUII,I Wil
® nal non-sinusoidal system pro- the fuel cell system is excited by all the frequencies from a broad Foatire oxtraction - 3'80’ 1- 2' . d 1 ; ’
bing in order to reduce the time spectrum at the same time. Thanks to that, the duration of system ex- ﬂ; Time [5 5
for experiment,' inc_rease_ the citation is considerably reFIuced up to an order of rpagmtude. Statstical docision making = 105 ' ' ' | N L
robustness to noise, investigate Furthermore, to characterize the FC system dynamics, a class of frac- I %1000 | ! | } I s |
new techniques for degradation tional-order models (FOS) and their identification from the acquired HomTfoation of $ | | I - T e e
diagnosis and prognosis of the current and voltage samples has been investigated. The estimated the degradation 0 ! " et ! ;
remaining life span. FOS model parameters are employed to determine the degradation mie
mode via statistical decision making. In the perspective, the time evo-
lution of the related model parameters is modelled as a stochastic pﬁggﬁgi&gg Fig.2: Response of the cell voltage to PRBS current excitation (left). The comparison
- : of FOS model in the frequerncy space and conventional sine-based EIS curve is shown
Process, which is used to prEd]Ct the future trend. on the right. Note that in the particular case a 5 seconds recording suits to get high
Fig.1: The diagnostic quality model of the FC system.
and prognostic procedure
— % Development of Advanced Mo- The first release of the Bitron Box, is under construction. First samples  Four acquisition channels: two used for acquiring the DC compo- « Extended RAM module forincreasing the number of datasamples
BLIR I . nitoring, Diagnostic and Lifetime will be released in September 2018. The main architecture is so nents, and the others two for acquiring the AC components. to be sent in a second time to the Linux Board.
Tool (MDLT) defined: * Pre-Conditioning input filters used for the noise attenuation of « A Real Time Operative System firmware has mostly been
« A Linux board (Beagle bone Black v3), is devoted for the high-level the several inpl_Jt signfals. Thgse hav_e been already designed and designed and tested fo_r m_anaging the agquisitio.n part and the
implementation part, where the several partner’s algorithms run tested from a simulation point of view. Ethernet data communication protocol with the Linux Board.
and compute a post processing elaboration of the data samples * Fortheacquisition,aspecificSigmaDeltadevice hasbeenchosen.
previously acquired. It communicates with the.micropro.cessor with §PI standard and The final objective of the overall system is to provide an “on site”
A Bitron board, which is a full custom device responsible for the provides accurate da'ga with a maximum sampling frequency of  device which provides significant and useful results minimizing
data samples acquisition part. It takes command from the Linux 75 ksps and a resolution of 24 bits for all the selected channels.  production costs. Therefore, demonstrating its reliability and
board. Then thanks to a dedicated TCP communication protocol, * STM32F4 microprocessor with ARM Cortex M architecture, with  affordability for an industry use, which nowadays, is limited by
developed together with UNISA partner, shares the data samples. maximum clock frequency 168 MHz. costly laboratory instrumentations.
The main features of the boards are given:
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