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Fig.3 Arrangement of blast pressure sensors

Fig.4 Photograph before and after impact
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1 ton class motor
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TNT 1 ton class motor
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Fig.8 Peak overpressure vs distance (scaled distance)
Table 1 TNT equivalent of sled tests
Impactspeed | Direction | TNTequivalent | TNT equivalent
(m/s (degree) kg *1 ratio (%) *I1
92 90 0.22 2.12
10kg cl 45 0.21 2.02
B oSS 194 %0 1.78 19. 87
45 4.45 16. 18
54 90 0.11 0.1
45 0.06 0. 06
100kg class
99 90 0.99 0.94
45 2.1 2
100 90 9.1 0.9
1 ton class 45 20.1 2
10 6 0.6
52 90 7.3 0.2
SOB 45 58.7 1.6
10 10.1 0.3
100 90 21.1 2.1
1 ton class 45 7 19.4 1.9
*2 10 10.8 1.1
52 90 42.7 1.2
SOB 45 56. 3 1.6
*2 10 24 0.7

*1:Derived from peak over-pressure
*2: Derived from impulse
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X Burned traco .
O Propellant fragment .
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Fig.9 Distribution of dispersed fragments (1ton class motor)

Table 2 Maximum scattering distance of fragment

Impact speed 50m/s 100m/s 200m/s
Maximum flight distance of fragments (m)

10kg class motor - 92 110

100kg class motor 205 235 -

1 ton class motor - 400 -

SOB (3. 7ton) 397 - -
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Fig. 10 Maximum scattering distance of fragment
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Fig. 11 Fragment mass vs ballistic coefficient
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Fig. 12 Accumulated number vs fragment size
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Fig. 14(b) Progress of motor destruction (experiment)
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On the explosion potential of solid rocket at launch failure (1)

— Experimental method and results —

by Yukio HYODO*, Hiroyuki NAKAMURA*, Katsuaki KOSAKA**
Sigeru SUZUKI ** Takashi NAKAYAMA™**, Keiji ARAI**
Masatoshi CHIBA**, Katsumi TANAKA*** and Takehiro MATSUNAGA ***

A series of investigation on hazardous effects of solid propellant are carried out to establish a
safety criteria for larger sized launching rockets. As a part of them, sled tests for 10kg, 100kg, and
1ton class solid rocket motor have been conducted. An outline of the results is as follows. TNT yield
calculated from blast pressure depends largely on the impact speed. It is about 2 % in case of im-

. pact speed of 100m/s. The typical failure mode of H-Il rocket is considered falling back to the
earth at the impact speed of about 30m /s before commanded destruction. Therefore, TNT yield of
2% is safer sufficiently for the failure mode of H-II rocket. On the other hand the longest flight
distance of fragment depends largely on the size of the rocket motor. The experimental results of the
sled tests show that the longest flight distance D{(m) is expressed as follows

D =80X Wp" ¥

Where Wp is propellant mass (kg) of a rocket motor. Computer simulation for impacting rocket
motor shows that destruction processes of small rockets are similar to that of H-II SRB. Therefore
it is thought to be reasonable that the actual impact/explosion processes of small rockets are similar
to that of H-IISRB.
As a conclusion, the safety distance at launch site should be determined by longer one, which is
calculated from TNT yield of blast pressure or the longest flight distance of fragment.
(*National Space Development Agency of Japan, World Trade Center Bldg. 2 —4 —
1, Hamamatsu-cho, Minato-ku, Tokyo 105-6190, Japan
** Aerospace Division, Nissan Motor Co.,Ltd., 21 — 1, Matobashinmachi, Kawagoe-
city, Saitama-ken 350-1107, Japan
***National Institute of Material and Chemical Research, 1 — 1, Higashi, Tsukuba-
city, Ibaraki 305-0046, Japan)
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