© Al rights reserved. Unauthorized use or reproduction without authors consent is prohibited. Material presented at the Workshop jointly organized by H2020 Projects RUBY and REACTT on 15th Sept. 2023 — Capri (I

RUBY Project RUBY

Robust and reliable general management
tool for performance and durability
improvement of fuel cell stationary units

DATA-DRIVEN PREDICTION OF THE REMAINING USEFUL LIFE
OF SOFC SYSTEMS

LUKA ZNIDARIC, ZIGA GRADISAR, BANI JURICIC (1JS)

* X 5
* *
* *
* e




© Al rights reserved. Unauthorized use or reproduction without authors consent is prohibited. Material presented at the Workshop jointly organized by H2020 Projects RUBY and REACTT on 15th Sept. 2023 — Capri (I)
LJ B Y % &
:

%, N
L/ W
MHVDRHEE“ W

'44’//15

Motivation:
— Remaining useful life (RUL) depends on the degradation rate;

— many techniques for RUL prognosis rely on modelling the degradation by hidden dynamic models (1)
— prior knowledge (or model) of the degradation can improve RUL prognosis (2)
— however, simple degradation models are known only for a few degradation mechanisms;

— the application to the RUL prognosis heavily relies on reliable and unambiguous isolation of the degradation mode in
the diagnosis stage.

Assumptions:
— no prior knowledge about the degradation is available;
— the time evolution of a health index indicative for the RUL assessment is available (e,g, stack voltage, ASR, and others)
— Technicallly speaking, the RUL prognosis is closely related to predicting the trend of time series
Question:
— does a simple linear trend model apply?

(1) Cui L, Huo H, Xie G, Xu J, Kuang X, Dong Z. Long-Term Degradation Trend Prediction and Remaining Useful Life Estimation for Solid Oxide Fuel Cells. Sustainability. 2022;

14(15):9069.
(2)B. Dolenc, P. Boskoski, M. Stepanci¢, A. Pohjoranta, D. Jurigi¢, State of health estimation and remaining useful life prediction of solid oxide fuel cell stack, Energy Conversion and
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Conventional approach:

Time window 1. Define the sliding window.

Threshold 2. Find a (stochastic) linear model

of the data from the sliding
window by means of the
Bayesian approach.

3. Evaluate the PDF of the first
hitting times by Monte Carlo
simulation of the stochastic
model

Health index

Prediction
horizon

Question:

Can MC simulation be avoided i.e. is
there an analytical expression for PDF

1 of RUL?
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The model of the health index y
y(1t) = kT +n+¢&;

The first hitting time t is such that y(t) = C where C is the threshold of the health
index
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Variables ¢ and k are correlated, normally distributed, random variables!
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The probability density function of the remaining useful life t can be found analytically
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Comparison between Monte Carlo evaluation of the first hitting times and the
analytical PDF
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Evolution of the prognosis over time

Simulated random walk with positive drift
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* data from Diamond project are used
* from available process data ASR y is estimated
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* asimple algorithm for predicting the remaining useful life is proposed

e jtassumes no prior model of the degradation is available and therefore relies on linear
trend estimation of a health index

* the key contribution is the analytical expression for the distribution of the RUL
e evaluation is fast and appropriate for implementation on the Bitron platform

* in the demonstrated case the quality of the prediction depends on the quality of the
ASR estimates obtained from the lumped stack voltage model

* The quality of the predicted RUL improves when approaching the dead end (acceptable
qguality of the prediction is achieved usually in the last 30-40% of the overall life
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