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Abstract: The multi-point focused explosions of new low-yield earth-penetrating nuclear weapons pose a serious threat to deep
underground engineering projects. Addressing the challenge that traditional single-point simulations struggle to replicate the
cratering effects of such multi-point synergistic damage, and considering that current explosive testing, while efficient, faces
significant limitations hindering normal operations, research innovatively designs and develops a vacuum chamber-based

simulation test system for large-yield multi-point focused explosion cratering effects. The core innovation lies in applying
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similarity theory to convert prototype tests into simulated tests. The vacuum chamber simulation technology enables efficient and
rapid simulation of large-yield multi-point explosion cratering effects, with low experimental costs and repeatable results. Based
on vacuum chamber explosion simulation theory, the similarity laws governing large-yield multi-point focused explosion
cratering were established, defining key parameters such as vacuum chamber pressure and multi-point simulated blast cavity
pressure. Synchronization tests verified the simultaneity of multiple explosive sources. Referencing the US "Palanquin”
underground nuclear test, we conducted vacuum chamber simulations for three-point sources under deep burial (4.3 kt, 85 m
depth) and shallow burial (5 kt, 20 m depth) scenarios, comparing results with single-point explosion prototype data and empirical
formulas. Through synchronization tests and three-point explosive source cratering tests, differences in cratering parameters under
varying burial depths and yields were quantitatively analyzed. This revealed a significant advantage in damage range for multi-
point sources compared to single-point sources when the total yield is identical. Key results indicate: A vacuum chamber
simulation system is successfully developed, relying on a miniature explosive device based on thétwo-stage gas gun principle
and the vacuum chamber. Synchronization tests confirmed good simultaneity among explostve=seufces using a common
detonation control switch; Compared to single-point explosions, multi-point explosions significantly “increased crater radius,
volume, and free surface projection area, greatly expanding the damage zone; Explosive seurce butial depth significantly impacts
the damage effect. The pioneering vacuum chamber multi-point explosion simulation System ‘and methodology developed in this
study provide an invaluable experimental platform and a solid theoretical foundation for accurately assessing the damage
mechanisms and efficacy of multi-point focused explosions from earth-penetrating nuelear weapons against deep underground
engineering structures, demonstrating significant engineering application value.

Keywords: Multi-point explosion source systems; Vacuum chambet,simulation test; Underground explosion cratering effect
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Table 1 Crater Formation Simulation Paraméters for Multi-Point Blast Testing

N

= R
BEg, 43kt 5kt
FANMRIE g 1.43 kt 1.67 kt
PRUEIR W 85 m 20 m
Lot 42 7, 11 15
% RERUR I KE 7, 12.40 m 17.8m
SR IR (A), 8.48x10"J 9.04x10"J
JR B RIGENEIE /T (P, 5.11x107 -Pa 1.97x107 -Pa
J5 AR B0 BT T T (P)g 1.01x10° - Pa 1.01x10° - Pa
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Table 3 Ballistic Crater Data for Equivalent-Yield Single-Point Blast Source
B ERIENR R EbURE SBOURE RBTEIR BREEi

/kt /m 7,/m /m /m /m?3 /m?
“Palanquin”
o 43 85 17.8 46 28 6.2x10% 0.66x104
JR RIS
Skt LR
n 5 20 25.6 69.82 32.12 2.51x10° 1.49x104
RN

442 #R3FboHr

T PSR LG THCHGT RN SR, WA ARG, 7T HESLAS B2 2R A M I LT ) R
RUGRGT RS R/ . R, R BRI EdE . TR G R S A RS Xt .

G, K Skt = RUBRE SR AENRNE BT AR IUL R 50 25 B 5 (R R (7] 2 S o SR ki 22 56 A A5 45
FALRL, ZPRWNER 4 roR. 80 RN =m0 G, = rURSERIFIT A2 IR (RFRA
H H i E A ST R ARG R L 200009 18.4%. 10.2%. 7.04%A11 28.4%

* 4 ZRURIERRIRERITEIES Skt BRI IRIERK A0 O NERITEE
Table 4 Comparison Between Cratering Data from Triple Shallow-Buried Blast Setirces, and Empirical Formula Results of Skt
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Table 5 Comparison of three-pointdeep-buried explosion sources crater formation data with the "Palanquin" prototype test
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Table 6 Calculated Data for Hypothetical Crater Formation from Three-Point Earth-Penetrating Nuclear Explosions
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