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Advance in temperature-stress measurement techniques for solid oxide cells

Bao Yifu',Li Mingju', Xiong Xingyu®, Qian Xiangchen'
(1. School of Control and Computer Engineering, North China Electric Power University, Beijing 102206, China;
2. School of Mechanical and Electrical Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China)

Abstract: In pursuit of China’s Carbon Peak and Carbon Neutrality goals, solid oxide cells have emerged as key technologies for green
hydrogen production and efficient power generation, due to their superior energy conversion efficiency and reversible operation capability.
However, severe thermomechanical coupling during high-temperature operation causes localized Joule heating, distorted thermal fields,
and accelerated degradation. Current multiphysics characterization methods for temperature and stress are constrained by the instability of
sensor materials at high temperatures, leading to inadequate spatial resolution and dynamic response for accurate internal monitoring.
This review systematically summarizes recent advances in temperature and stress measurement techniques for SOCs, comparing four core
methods : Thermocouples are cost-effective with fast response yet prone to thermal drift; optical fiber sensing enables distributed
measurement with electromagnetic immunity but suffers from limited reliability under extreme conditions; infrared thermography offers
non-contact surface temperature mapping yet depends on emissivity and cannot probe internal temperatures; high-energy radiography
allows high-resolution 3D stress reconstruction but requires complex instrumentation and long testing times. To address these limitations,
we propose a multimodal sensing strategy integrating multiple transducers to enhance spatial resolution and thermal resilience, along with
a non-destructive strain measurement approach combining high-energy radiography with digital image correlation to overcome dynamic
response constraints. This work provides precise metrological support for thermal management optimization and structural reliability in
SOC stacks, facilitating the development of safe, efficient, and low-carbon energy systems.
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Fig. 1 Diagram of SOC working principle
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Fig.2 Diagram of SOC structure of slab staggered flow
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Fig. 11  Diagram of femtosecond laser-enhanced fiber

Rayleigh scattering device
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experimental setup on the focusing
motion platform
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fabrication process
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Fig. 12 Diagram of FBG etching device by femtosecond

laser technology
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Fig. 13 RFBG sensor and N-type thermocouple

installation diagram
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Fig. 14 Diagram of the temperature measurement experimental

platform based on optical fiber temperature measurement
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Fig. 15 Diagram of the optical fiber array experimental device
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Fig. 16  Diagram of working principle of infrared temperature

measurement technology
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Fig. 17 Special metal connection and stack installation diagram
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Fig. 18 Flow chart of temperature measurement system

of infrared thermal imager
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Table 2 Comparison of SOC temperature field distribution measured by optical fiber temperature measurement

technology/infrared temperature measurement technology
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Diagram of the real-time deformation monitoring

experimental device for half-cell SOFC
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Fig.22 Diagram of furnace and gas path for experiment
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Fig. 23  Diagram of stress measurement by X-ray
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Fig. 24  Experimental device for in-situ measurement

of X-ray residual stress
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Fig.25 In situ XRD measurement system
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Fig. 26 Image of neutron transmission of the sample

under an external load
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