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Abstract: Transierit-pressire fluctuations generated during perforating operations in ultra-deep wells can induce severe axial vibration,
stress-wave reflection, local stress amplification, and failure of perforating strings and downhole tools. The objective was to establish a
dynamic-analysis framework that represents the complete wellbore-pressure history and clarifies the respective effects of the detonation-
pressure peak and the dynamic-underbalance trough on string response and failure risk. A transient pressure-evolution model was first
used to reproduce the initial equilibrium, rapid detonation-induced pressure rise, pressure decline, dynamic-underbalance formation,

pressure recovery, and final equilibrium stages. The calculated pressure history was then converted into the incremental axial load acting
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at the lower end of the string. The string below the packer was represented as a one-dimensional elastic rod with a fixed upper boundary.
Initial deformation caused by gravity and pre-perforation pressure was separated from the transient incremental displacement to avoid
repeated loading. Axial elasticity, inertia, and equivalent viscous damping induced by the annular fluid were incorporated into the
governing equation. An explicit finite-difference method was adopted to calculate the displacement, acceleration, axial stress, and stress-
wave propagation along the string. Field measurements from Well X1 in the Junggar Basin were used for validation, and an ultra-deep
well in the Sichuan Basin was analyzed to evaluate spatial response characteristics and parameter sensitivity. For Well X1, the relative
error between the predicted and measured peak axial accelerations was 8.62 percent, confirming that the model reproduced the dominant
response during the initial strong-impact stage. The case analysis shows that axial stress waves attenuate during propagation but are
reflected and superimposed at the fixed packer boundary, raising the local peak stress to 199.43 MPa and identifying the packer and
adjacent connections as critical. When the detonation-pressure peak increased from 75 MPa to 115, MPa, maximum tensile and
compressive stresses increased by 17.24 percent and 44.71 percent, respectively, and the effective §£@ ad approached the
1

sinusoidal-buckling threshold. When the dynamic-underbalance trough decreased from 30 MPa maximum tensile and

compressive stresses increased by 80.73 percent and 53.67 percent, respectively. These resul ate that the detonation-pressure

peak primarily controls compressive stress and buckling susceptibility, whereas a lower ictunderbalance trough primarily
amplifies tensile stress and connection-failure risk. The complete pressure history is“ther essential for integrity assessment and
operational optimization of perforating strings in ultra-deep wells.
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(a) String deformation (b) String fracture (c) Fracture of packer mandrel (d) Hydraulic anchor cracking
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Fig. 1 Field failure diagram of perforation-testing combined operation
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(a) Schematic of perforated wellbore (b) Energy transfer and conversion (¢) Reflection and superposition of detonation shock waves
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Fig. 2 Schematic diagram of pressure evolution during the whole perforation process
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Figr3 Schematic of the dynamic model for perforation string
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