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An Estimation of the Ballistic Limit Curves by Performing Numerical Analyses
of the Small-Size Space Debris Impacts on the Components of Satellites
for the Purpose of their Designs
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In 1991, K. B. Hayashida et al. at MSFC/NASA published a report reviewing the ballistic limit equations
(BLE’s)for the “Double-Plate”, so-called Whipple bumper shield, which was investigated as a protection
technology for the space vehicle from interplanetary meteoroid impacts mainly for the purpose of the Apollo
program in 1960’s. The report also reviews the modified equations applicable for the space debris impact,
after the space debris problem emerged in 1970's. The BLE’s referred to in the report were derived on the
basis of vast amounts of hypervelocity impact tests using launchers like two-stage light gas gun, it was
confirmed and proven that the Whipple bumper shield is indeed effective for the meteoroid protection by
investigating and clarifying the mechanism of it, of which idea was proposed by F. L. Whipple in 1947. Figure
1(a) depicts the existence of three regimes of the ballistic, shattering and hypervelocity, and Fig.1(b) indicates
the effectiveness of the “Double-Plate” in comparison to the “Single-Plate”, both graphs are published in the
report. The authors have been writing the “Design Manual on Space Debris Protection” as an activity of the
Working Group of the Space Debris Protection Design at JAXA, and they tried to derive the ballistic limit
curves (equations) of small projectile impacts on the “Double-Sheet” targets only by the numerical analysis,
not by the experiment. Figure 1(c) shows one of such curves. The derivation of the BLE’s for the Whipple
bumper shield only by the numerical method, taking into account the shock-induced vaporization, is probably
recognized as the first trial in the world.
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« Ballistic limits for equal mass monolithic target and

Whipple shield
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« Ballistic limit curve for the small-size space debris was
estimated by the numerical analysis. A hydrocode:
ANSYS AUTODYN was applied to the analysis.
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Numerical Analysis Model

Bumper Rear-Wall
Al2024 OFHC-Copper
t=0.5mm t=2.0mm

Pé%%‘gl{e Sandoff
¢: 0.05~ 1.00 mm 0/1.0/2.5/5.0 mm
2~ 15 km/s
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Numerical Analysis Model

Standoff Omm

Standoff 1mm

Standoff 2.5mm

Standoff 5mm
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Standoff: Imm Projectile: ¢ 0.4mm 2km/s
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Standoff:5mm Projectile: ¢ 0.4mm 5km/s
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Standoff:5mm Projectile: ¢ 0.5mm 12km/s
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Numerically Estimated Ballistic Limit Curve (Standoff 1mm) CTC
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Numerically Estimated Ballistic Limit Curve (Standoff 5mm) CTC
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« The authors tried to derive the ballistic limit curves
(equations) of small projectile impacts on the “Double-
Sheet” targets only by the numerical analysis, not by
the experiment. The derivation of the BLE's for the
Whipple bumper shield only by the numerical method,
taking into account the shock-induced vaporization, is
probably recognized as the first trial in the world.
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