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Table 1 TNT equivalent by impact model calculation and experimental results

8661 'Z 'ON ‘6S "[OA ‘lys|eyeD nyede))

. . Propellant mass of | Pi (kg/cm?) TNT equivalent calculated TNT equivalent by
. Burst time *1 Burst length *2 . experimental
Motor size P o burst len.g4m (k) | dPi/dt (ltg/cm’/s) Gas mass base Maximum internal | romuit
o *6 energy base *7 (kg) °8
10kg class motor 4.0 235 0.22(90°)
(100m/s) 2.0) 0.3 4 190 10° 0.1 0.03 0.21(45°)
10kg class motor 2.1 770 1. 78(90°)
0.8 4 . X
(200m/s) .1 2600X 10° 0. 66 019 1. 45(45°)
100kg class motor 5.5 55 0.11(90°)
(50m/s) 2.7 0-3 14 6x10° 0.17 0.10 0. 06(45°)
100kg class motor 4.5 120 0.99(90°)
(100m/s) @.5) 0.4 %0 50X 10° 0.54 0.21 2.1(45%)
1ton class motor 9.0 : 150 9.1(90°)
(100m/s) 3.9) 0.5 100 50 10° 53 3.0 20. 1(45°)
16.0 240 7.3(90°)
SOB X
(4.5) 0.7 740 120%10% 2l 8.0 23.6(45%)
200 *9 58
0.6 -
(30m/s) 690 *10 85
(535) 17300 0. 05X 10° 480 158

*1 : Time from the contact of nose tip onto wall to burst. Parenthetic value is the time from the contact of propellant end.
*2 : Length of destroyed propellant at burst calculated by AUTODYN-2D

*3 : Assumed that full length of propellant was destroyed at burst.

*4 : Mass of destroyed propellant at burst calculated by AUTODYN-2D
*5 : Pi: Internal pressure at burst, dPi/dt: Internal pressure rising rate

*6 : TNT equivalent of gas mass base means (mass of gas discharged) X 1.5
*7 : TNT equivalent derived from maximum internal energy of the motor

*8 : TNT equivalent derived from the peak over-pressure of blast wave Parenthetic value is the angle between sensor line and sled rail.
*Q : Burst time is assumed to be the time of gas discharge calculated by AUTODYN-2D

*10 : Burst time is assumed to be at maximum explosion potential (intemal pressure of 85kg/cm?, velocity of O0m/s)
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Table 2 Maximum scattering distance (calculated and experimental)

Initial condition for calculation Maximum scattering distance

Motor size . Ballistic Initial velocity calculated Experimental

coefTicient 3 " 5 6 result

m%%ﬁgﬁ“ % 1 124 130 97 123 92
1°k(82‘6'§:;‘s‘;"°' 25 *1 2908 305 135 170 110
lOOk(g5 gl;s; slotor 113 *1 60 63 124 186 205
100'(‘!15;0'8“?/3““ 13 °1 100 105 250 309 235
1t°?l%'3ﬁ2‘;‘°’ 127 *2 170 170 388 475 400
(sgﬁfas) 153 *2 175 s a0 551 397

*1 : Measured value

*2 : Estimated value from estimated mass and experimental formula,
Ballistic coefficient 8(kgf/m?)=10(M/1.1)'® M: Fragment mass

*3 : Initial velocity without kinetic energy
*4 : Initial velocity with kinetic energy

*5 : Initial velocity without kinetic energy, drag coefficient Cd=1
*6 : Initial velocity with kinetic energy, drag coefficient Cd=0. 75
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On the explosion potential of solid rocket at launch failure (II)
— Analysis by math. model developed —

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

The mathematical model for impact /explosion phetiomena has been developed based on the
results of the sled tests for 10 kg class, 100 kg class and Iton class solid rocket motor described in
(I). TNT yield and fragment flight distance were calculated using this math.model. The results of
the calculation proved that the model could simulate the TNT yield obtained in above sled tests and -
Titan sled test reported. Therefore this model is applicable to SRB class rocket motor. The model
calculation for 30m/s impact of H-II SRB predicts TNT equivalent ratio of 0. 44 %. Consequently
TNT equivalent ratio of 2 % is sufficiently safer estimation for such failure mode. The longest
flight distance derived from the experimental formula, D{(m)=80 - Wp(kg)®*, nearly coincides
with the result of model calculation and with the result of Titan experiment (propellant mass of
about 37ton), and moreover gives safer distance. Consequently this formula is applicable to H-1I
SRB class motors.
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