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Abstract: Structural dapfdgeS ofssolid propellant will lead to combustion anomalies and affect ballistic performance. Based on
the synchrotron radiation X-fayscomputed tomography technology and the in-situ mechanical loading test system, the macro-
meso structures of Nitrate Ester Plasticized Polyether (NEPE) solid propellant at compressive rates of 0.1 mm/s, I mm/s and 5
mm/s were in-sifu,0bserved. The compressive process adopted an intermittent loading mode. Each time the preset displacement
was reached, the loading was paused. This pause was crucial as it enabled the performance of scanning imaging. In this approach,
the state of propellant was captured at specific phases in the compressive process. After the in-sifu imaging experiment, the
tomographic images of the samples underwent a series of processing steps. First, projection correction and phase recovery were

performed using PITRE and PITRE BM software. Subsequently, an image bit-depth conversion was carried out, resulting in the
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acquisition of 8-bit 2D grayscale slices. By means of the 3D reconstruction method, typical damages and evolutionary behaviors
of solid propellant were analyzed. The macroscopic deformation of solid propellant as well as the distribution and propagation
patterns of internal micro-cracks were explored. Results show that most of the micro-cracks nucleate and grow at the interface
between filled particles and the matrix of solid propellant, and the evolution of meso-pores is rate-dependent. In contrast to the
continuous growth of damage under tensile loading, the nucleation, growth and closure of pores occur simultaneously during
compression. Under high-rate uniaxial compressive loading, solid propellant generates the characteristic trumpet-shaped
deformation. The spatially distributed cracks mostly locate around solid propellant. Macroscopic damage of surfaces is caused
by the propagation of micro-cracks between the near-surface particles and the matrix. The propagation of micro-cracks is related
to the spatial location of filled particles in solid propellant. There are transversal and axial propagation modes of cracks under
dynamic compressive loading. The transition from the vertically oriented crack to the horizontally oriented crack in matrix leads
to closure of the crack.

Keywords: solid propellant; in-situ dynamic compression; damage rate-related behavior; internal damiage evolution; synchrotron

radiation 3D tomography
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Fig.1 Schematic of in-situ compressive test based on synchrotron radiation X-ray facility
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Fig.2 The proceduré ofdata resonstruction for in-sifu compressive deformation of solid propellant
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Fig.3 Macroscopic deformation ‘and/intetnal damage distribution of solid propellants under compressive loading
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