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Abstract

Tungsten (W) coatings on B4C are key plasma-facing candidates whose interfacial integrity governs thermal per-
formance under ELM loads; reliable non-destructive characterisation is essential for pre-plasma qualification. Pulsed laser
thermography with a FLIR SC7500 MWIR camera (1000 Hz, NETD 25 mK) records thermal transients under four pulse
durations (5–100 ms) at 8 A; peak temperatures confirm ∆Tpeak ∝

√
tp scaling. A 2D axisymmetric COMSOL model

sweeps interfacial thermal resistance Rth across four bond-quality regimes; a 1D CNN trained on this dataset classifies
bond quality with 96% accuracy.

1. Introduction

Tungsten is the baseline plasma-facing material for ITER due to its high melting point, low sputtering yield, and
favorable thermo-mechanical properties [1]. The thermal performance of W coatings on ceramic substrates is governed by
the integrity of the coating–substrate interface; plasma irradiation studies on the QSPA-T facility have shown that interfacial
degradation in W/B4C systems leads to swelling, blistering, and crater erosion under ELM-relevant heat loads [2]. Non-
destructive characterisation of as-deposited coatings is therefore essential for qualification prior to plasma exposure.

Active infrared thermography (IRT) is well-established for sub-surface defect detection in coatings; pulsed IRT
has been applied to thermal barrier coating degradation [3] and to combined thermography–numerical modelling of cold-
sprayed coatings [4]. However, the ultra-thin (10–20 µm) W coatings here pose a challenge: the thermal diffusion time
across the coating is ∼1 µs, well below conventional flash-thermography resolution. Long-pulse laser-spot IRT, where
conduction is dominated by lateral spreading into the substrate, probes Rth directly rather than coating depth.

This work presents a simulation-driven framework for W/B4C inspection: a 2D axisymmetric FEM model generates
synthetic ∆T (t) data spanning a wide Rth range, and a 1D CNN trained on this data classifies interfacial bond quality
against realistic camera noise.

2. Experimental Setup and FEM Model

2.1 Experimental Configuration

The specimen is a 5× 5 cm B4C substrate (20 mm thick) with a 15 µm as-deposited W coating. A 1080 nm fibre
laser with mechanical shutter produces a Gaussian spot (≈5 mm diameter, 1/e2) on the W surface. Measurements span
two diode currents (5 A and 8 A) and four pulse durations (tp = 5, 10, 50, 100 ms). Surface emission is recorded with a
FLIR SC7500 (InSb, 3–5 µm, NETD < 25 mK) at 1000 Hz.

2.2 COMSOL Axisymmetric FEM Model

A 2D axisymmetric transient heat-transfer model in COMSOL Multiphysics covers the W coating (15 µm) on a B4C
substrate (20 mm × 25 mm radial). Laser irradiation is a time-gated Gaussian flux:

q(r, t) =
2αP

πr2s
exp

(
−2r2

r2s

)
· 1t≤tp , (1)

with α = 0.0724, P = 12 W, rs = 2.5 mm. Convection (h = 5 W m−2K−1) and radiation (εW = 0.3) cool all exposed
surfaces. Key material properties: kW = 173, kB4C = 30 W m−1K−1; ρW = 19250, ρB4C = 2520 kg m−3; cp,W = 132,
cp,B4C = 950 J kg−1K−1. A parametric sweep of Rth (21 values, 10−9–10−3 m2KW−1) generates the CNN training set.

3. Results and Discussion

Experimentally, apparent peak temperatures follow ∆Tpeak ∝
√
tp (0.41 / 1.33 / 1.91 °C at 10 / 50 / 100 ms at 8 A);

the 5 ms case (0.03 °C, 1.2×NETD) falls below the noise floor, establishing the detection limit. The FEM sweep (Fig. 1a)
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shows that increasing Rth traps heat progressively in the W coating during the 100 ms pulse, with the debonded end-
member (Rth = 10−3 m2KW−1) yielding >10× higher peak ∆T than the perfect-bond baseline. The 1D CNN (Fig. 1b),
trained on 200× NETD-noise-augmented curves, achieves 96.2% accuracy; Degraded and Debonded classes reach 100%
recall, with the residual 4% error confined to the Excellent/Marginal boundary at Rth ≈ 3×10−7 m2KW−1.

Fig. 1. (a) FEM centreline ∆T (t) for four representative Rth values (one per bond-quality class); dashed line marks laser
pulse end at 100 ms. (b) Normalised confusion matrix of the 1-D CNN classifier; Degraded and Debonded classes achieve
100% recall.

4. Conclusions

A pulsed laser IRT, FEM simulation, and 1D CNN framework achieves 96% accurate classification of W/B4C inter-
facial bond quality from 1000 Hz MWIR transients. Multi-duration 8 A measurements confirm the 1D semi-infinite regime
(∆T ∝

√
tp) across 10–100 ms; the FEM sweep spanning six decades of Rth provides the validated synthetic training

dataset. The NETD-limited Excellent/Marginal boundary at Rth ≈ 3 × 10−7 m2KW−1 motivates emissivity-enhancement
strategies for future quantitative Rth inversion and pre-plasma coating qualification.
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