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Study on similarity law of non-proportionally scaled
penetration/perforation test
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(1. State Key Laboratory of Explosive Science and Technology, Beijing Institute of Technology, Beijing 100081, China;
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Abstract: Survivability and reliability assessment of components/key components on high-speed penetrating projectiles is a
hot and difficult issue in the field of EPW development. Due to the cost limitation of prototype test, it is feasible to carry out non-
proportionally scale experimental research by carrying prototype fuze components on scaled projectiles. Through the analysis
of the process mechanism of a projectile penetrating concrete target, the analytic solution of rigid-body deceleration when the
projectile penetrating the semi-infinite thick concrete target and the multi-layer thin concrete target are discussed respectively.
From the point of view of similarity of rigid-body deceleration, the non-proportionally reduced-scale criterion of projectile is
proposed when the traditional scaling scheme can not meet the requirements of similarity. The numerical results show that
under the condition of penetrating semi-infinite thick concrete target, the rigid-body deceleration of the non-proportionally
reduced-scale projectile can achieve the same conditions as which of the prototype projectile from the point of view of pulse
width and amplitude; under the condition of penetrating multi-layered thin target, through reasonably setting the scale factor
and adjusting the layout of the target plate and the initial velocity of the projectile. The pulse width and amplitude of the rigid-
body deceleration in the reduced scale test can cover them in the prototype test. The rigid body deceleration characteristics
obtained from scaled model test can provide reliable overload environment reference for missile projectile design.
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Fig.3 Corresponding relationships among the diameter scaling coefficientAp, the length scaling coefficient 4,
and the cavity length scaling coefficient 1,
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Fig. 4 Deflection trajectory of a projectile penetrating into a thin target
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Fig. 6 Penetration depth of prototype projectile and reduced scale projectile for two types projectile
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Fig. 7 Rigid-body decelerations of prototype projectiles and reduced scale projectiles for two types projectiles
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Fig. 8 Rigid-body decelerations of 1 000 kg prototype projectiles and reduced scale projectiles penetrating ten-layer concrete target
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Table 5 Top 20 modal frequencies of 1 000 kg class prototype projectile and reduced scale projectile in free state
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