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Current Status of the Estimation of the Ballistic Limit Curves by Performing
Numerical Analyses of the Small-Size Space Debris Impacts

OV 58t . il (GHiR LT 2 7Y 22— a X, CTC).
CHTE, RHEE (T UM 22T JE B RS . TAXA)
OAtsushi TAKEBA, Masahide KATAYAMA (ITOCHU-Techno Solutions Corp., CTC),
Kumi NITTA, Masumi HIGASHIDE (JAXA)

1991 4=, NASA/MSFC @ K.B.Hayashida 5%, 1960 A7 AR FHE A O TRETSNIZAT A AR

BHtetfi LT 2 BT — VR AT A WibidZ | Whipple /3073 —3— VRO BIERA A, K OZED

B AR—=ATFT TV B A EZ TRESNZRICHOW T L= #E EAH L QWD 22 TSz

A, R E D 2 Beig 7 A4 L E LT RRBRRE RATIE DS Wb O TH 573, 1947 4EIZ F. L. Whipple

DRBLTTAT T BN E LA = AL HONZTHIECE ST, TOR#ES AT LOH %

MERBLIZbDTHD, EFOIL, JAXA FHIEERFHEEREEZ B AT 7 VPR WG OTEEI O —BREL T,
[ZR—2F PV #ER =T L | OERR AT o TVAR, ZOmR T, HERIHNIE T 570, EBRIC

FHDTIFR BT IC &> TEIBRAXDOKRET 21T > TD, Fio, N —oftiz, Ehr—7 v

RNZ T LXK DRGETD T L TD,

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. 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, power cables and honeycomb panels only by the numerical
analysis, not by the experiment.
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« Ballistic limits for equal mass monolithic target and
Whipple shield
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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.

D: 9.5mm V:10km/s
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Power Cables with Kevlar Sheet

Projectile: D=0.5mm

Kevlar Sheet: t=0.43mm

Power Cable
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Power Cables with Kevlar Sheet

Projectile: D=0.5mm, V=2km/s
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Power Cables with Kevlar Sheet

Projectile: D=0.5mm, V=2km/s

CU.OFHC-19
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Power Cables with Kevlar Sheet

Projectile: D=0.5mm, V=6km/s

Power Cables with Kevlar Sheet

Projectile: D=0.5mm, V=6km/s

CU-OFHC19
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Honeycomb Panels

CFRP Honeycomb Panel
AL2024 Plate

@
Projectile: SUS304
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Honeycomb Panels
Projectile: D=1mm Projectile: D=0.2mm

Honeycomb 2D Model
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Honeycomb Panels

Numerical Model (2D-axial symmetry)
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Honeycomb Panels
Projectile: D=0.1mm, V=6km/s
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Honeycomb Panels

Projectile: D=0.3mm, V=6km/s
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» An estimation of the ballistic limit curve for power
cables and honeycomb panels are still in progress.

» Not only numerical simulation, verification with
experimental result will be planned.
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