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per-cell spread, invisible at the terminal worst cell, 0.5 > 1.0 A/cm? experimental |-V within 50 mV RMSE full per-cell, real-time (300 ms HIL -
laptop)

Introduction Mechanical bridge
A digital twin of the as-built SOFC stack assembly must link two The mechanical->electrical bridge carries most stack-level
domains usually modelled in isolation — the mechanical state set at  uncertainty: contact area from a geometric thresholding
manufacture and the electrochemical performance in operation. (cell/interconnect/assembly variances in quadrature), then per-cell
Manufacturing tolerances (cell warp, interconnect flatness, preload) resistance via a Holm constriction model — calibrated vs FE sims
set per-cell voltage and lifetime, yet operators see only the stack (Klein), phenomenological.

terminal voltage; per-cell variability stays hidden.
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and a-priori QC dispersion in one end-to-end chain. . . .
P Q P Fig. 3 — RMSE vs steady-state I-V; 8/12 < Fig. 4 — Full per-cell solve: real-time to

o . o 50 mV (hardware pending). ~16 cells (median; worst-case p99 ~4).
e 1D finite-volume cell solver (first-principles transport & thermo;

calibrated kinetics)
e phenomenological mechanical->electrical contact closure

e multi-cell stack solver at HIL-relevant rates Assemblx tWin: 30-CE" batch

* validation with named physical causes, not re-tuned The per-cell spread comes from a production-grade QC dispersion

run through the chain. It is plate-dominated and tracks the load:

Ce"'level SOIVEI’ the 26 mV median (Oasg = 13 mQ-cm? at 0.5 A/cm?) grows with
1D axial, N, control volumes, seven gas species (Hp, Hy0O, Oy, N, current density. Largest levers: current density, then ASR dispersion
CO, CO,, CHy); convection—reaction with Butler—Volmer Opasgr; Mmean ASR is minor.
electrochemistry and internal reforming. Closures: NASA-Glenn 7- (a) 30-cell stack, 745, = 13 MQ-cm? at j = 0.5 Alem? (b) Per-cell V. under a load step to 0.7 Alcm’
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- - One end-to-end chain from QC to per-cell voltage: 8/12 steady-
= Veenl . . . .
Interconnect plate (anode side) state |-V within 50 mV (four named xfails) + dynamic load-step
e o chncomestion s i i ¥ response reproduced. Full per-cell solve is real-time to ~16 cells on
<> Heal: conduction, convection, radiation; sources Joule, AH,y,, TAS . . .
a laptop (Fig. 4); the representative-cell + exact ASR mapping
Fig. 2 — Modelled cell repeat unit and the per-cell voltage-loss budget. extends per-cell resolution to the full 129-cell stack.
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