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The 4th Space Debris WS

General Concept of Ballistic Limit

DEFINITIONS  OF  PERFORATION  AND  PARTIAL
PENETRATION   FOR   DEFINING  THE   BALLISTIC   LIMIT
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Fig.1  Various definitions for complete and partial penetration.
(Ed. by J.A. Zukas et al., Impact  Dynamics , Krieger, 1982.)
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Fig.2  Typical ballistic limit curve.

©2010 CTC 2

The 4th Space Debris WS

1947
Origin of Whipple Bumper Shield
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Sorry! To use Japanese only here.

F. L. Whipple

meteorite

meteorite

“meteor bumper”

Summarizing the paper in Japanese:
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Subsequent Progress of Whipple Bumper Shield

T. D. Riney and E. J. Halda, AIAA Journal, Vol. 6 No.2,
pp.338-344 (1968). [Reprinted in "R. Kinslow (Ed.),
HIGH-VELOCITY IMPACT PHENOMENA,
Academic Press (1970)"]

Schematics depicting (a) the impact onto a thin bumper
plate, (b) its penetration, (c) the subsequent formation of
spallation cone, and (d) the loading transmitted by the
cone to the main structure downstream.

3.2 mm  STEEL  SPHERE
7  KM/SEC
1.016  mm  NICKEL  SHIELD

Fig.4  X ray of thin sheet  impact. by C. 
J. Maiden et al., GMDRL, 1965
(NASA CR-65222)

3.2 mm  STEEL  SPHERE3.2 mm  
EC7  KM/SE

mm  NICKEL  SHIELD1.016  m

Fig.4  X ray of thin sheet  impact. by C.
J. Maiden et al., GMDRL, 1965
(NASA CR-65222)
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Whipple Bumper Shield for Apollo Program

Optimum ts/d (projectile completely molten) versus impact velocity.

Optimum ts/d (projectile and shield completely molten) versus 
impact velocity.

Optimum ts/d (shield completely molten) versus impact velocity.

Optimum tst /d (projectile completely molten) versus impact velocity.

Optimum ts/d (projectile and shield completely molten) versus 
impact velocity.

Optimum ts/d (shield completely molten) versus impact velocity.

Theoretical shield optimum ts/d ranges for melt of projectile and bumper.
(B. G. Cour-Palais, Int. J. of Impact Engng., Vol.23, pp.137-168, 1999.)
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B. G. Cour-Palais, “Meteoroid Protection by Multiwall Structures,” AIAA 
Paper No. 69-372, AIAA Hypervelocity Impact Conf., Cincinnati Ohio, 
Apr. 30 — May 2, 1969.

Modified (Optimum) Cour-Palais Equation
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“Buckup Sheet” of Whipple Bumper Shield

Fig.6  GMDRL double-wall shielding spectrum for Al 7075-T6 at 7.4 
km/s. (B. G. Cour-Palais, Int. J. of Impact Engng., Vol.23, pp.137-168, 
1999)
Originally published as:
B. G. Cour-Palais, “Meteoroid Protection by Multiwall Structures,” 
AIAA Paper No. 69-372, AIAA Hypervelocity Impact Conf., Cincinnati 
Ohio, Apr. 30 — May 2, 1969.

Modified (Optimum) Cour-Palais Equation
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Rear sheet thickness versus ts/d of type 2024-
T3 aluminum alloy.
(B. G. Cour-Palais, “Space Vehicle Meteoroid 
Shielding Design, Proc. Comet Halley Micro-
meteoroid Hazard Workshop, ESA SP-153, 85-
92, 1979.)

©2010 CTC 7

This document is provided by JAXA.



宇宙航空研究開発機構特別資料　JAXA-SP-10-011186

The 4th Space Debris WS

Ballistic Limit Equation (Curve)
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Fig. 3  Behaviour of the bumper protection concept.
(H.-G. Reimerdes et al., Proc. 1st European Conf. on Space 
Debris, ESA SD-01, Darmstadt pp.433-439, 1993.)

Fig.8  Ballistic limits for equal mass monolithic target and Whipple 
shield.  (E. L. Christiansen, “Meteoroid/Debris Shielding,” TP-2003-210788,
NASA, 2003.)
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Debris Cloud Formation: 500 to 20,000 m/s
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Debris Cloud Formation and Penetration Process
in the Whipple Bumper Shield (I); no shock-induced vaporization

Debris: 10 mm Sphere, Bumper Thickness: 2 mm, Standoff: 50 mm
1 to 6 km/s by every 1 km/s
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Debris: 10 mm Sphere, Bumper Thickness: 2 mm, Standoff: 50 mm
7 km/s,  8 km/s

Debris Cloud Formation and Penetration Process
in the Whipple Bumper Shield (II); no shock-induced vaporization
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Debris: 10 mm Sphere, Bumper Thickness: 2 mm, Standoff: 50 mm
10 km/s,  15 km/s and 20 km/s

Debris Cloud Formation and Penetration Process
in the Whipple Bumper Shield (III); shock-induced vaporization
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1. Reviewed a series of the ballistic limit equations (BLE’s) for the
Whipple bumper shield which were developed experimentally
during the Apollo program and improved mainly in the latter half of
1980’s at NASA/MSC /JSC.

2. Although the shatter region of the BLE’s looks eccentric at first
glance, the fundamental mechanism of the BLE’s was clarified and
depicted by the present numerical simulations

3. The BLE’s are empirical equations derived from the vast amounts
of experimental test results at Ames, GMDRL, MSC, JSC, etc.,
however, their various coefficients are not always evident, although
not shown here individually.

4. It is of great importance to comprehend the essential concept of the
BLE’s to be developed, in order to develop new equations for other
purposes, as well as to apply existing BLE’s to current problems.

CONCLUDING REMARKS
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