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Experimental and cohesive zone modelling of
highly ductile adhesive joints under extreme
thermal and dynamic conditions
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used In automotlve structures, |rllcu Ing battery e.nc osu!’es, Loading rate -30 (LT) 23 (RT) 60 (HT)
because they improve crashworthiness and enable lightweight [mm/min] ~__

design. However, their mechanical performance strongly
depends on temperature and loading rate due to their
viscoelastic nature [1], making reliable joint design under
extreme service conditions challenging. This study investigates
the combined thermal and dynamic effects on single lap joints
(SLJs) and proposes a simplified cohesive zone modelling 200 (ISR)
(CZM) approach for efficient industrial application.
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SLJ tests using high strength steel and a two—component
flexible polyurethane adhesive were conducted at —30 °C, Figure 3 — Fracture surfaces under different test conditions, showing predominatnly
23 °C, and 60 °C with loading rates of 1, 200, and 6000 mm/min. cohesive failure.
To enable efficient industrial application, a simplified CZM with 14-
a triangular traction—separation law was developed. Cohesive 17
parameters were identified by matching SLJ experimental and )
simulation load—displacement curves, avoiding conventional 104™
Mode Il fracture tests (Figure 1). To further reduce < 3- —
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Figure 4 — Comparison of experimental and simulated load—displacement curves for
the calibration condition (-30 °C).
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Figure 1 — Proposed method for identifying cohesive parameters (mode II). 0 0
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I:l Predictable range Figure 5 — Comparison of experimental and simulated failure loads for the calibration
Rate [mm/min] (left) and validation (right) conditions.
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CONCLUSIONS
* LSS increased with decreasing temperature and increasing
Predict loading rate.
 The proposed Interpolation scheme accurately predicted
Xf failure loads within 10 % error under predominantly cohesive
/ failure conditions.
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Figure 2 — Schematic illustration of the calibration framework across temperature and CONFERENCE ON MATERIALS
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